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The materials, engineering, and technical data offered in 
this year’s MopErn Piastics Encyclopedia Issue range across 
a broad and complex front . . . 

... from the initial steps to be taken in the design of a 


plastic product all the way to the final finishing opera- 
tions. 


And the uses to which the Encyclopedia Issue will be put 
by its readers are probably equally as varied . . . 
... from the manufacturer who will adopt it as a train- 
ing manual for new employees all the way to the 
manufacturer who will make it a “must” workbook for 
every member of his management planning team. 


Because of this diversity—both in information offered and 
possible uses—the Editors of Mopern Pxastics Encyclo- 
pedia Issue have prepared this “how-to-use” guide to the 
best and most efficient ways to utilize your Encyclopedia 


Issue. 


OVER-ALL ARRANGEMENT: In over-all ar- 
rangement, the flow of editorial matter in the 
Movern Pxastics Encyclopedia Issue follows the 
plastic product from its initial conception and de- 
sign (see section beginning page 20) through 
selection of the basic resin (see section beginning 
page 40) and right up to final processing (see 
section beginning page 655) and finishing (see 
section beginning page 869). In between, of 
course, editorial matter treats with the various 
forms in which the basic resins are made available 
(foams, film and sheet, laminates, etc.), the basic 
raw materials that go into the formulation of the 
finished plastic (basic chemicals, fillers and rein- 
forcements, etc.), and the physical, chemical, and 
electrical properties of the various plastics (the 
Technical Data Charts, beginning on page 590). 
The Primer of Plastics —quick background for the 
beginner and valuable refresher for others —starts 
on page 566 and is followed by the Plastics Glos- 
sary—the “dictionary” of the industry. The next- 
to-last section of the Encyclopedia Issue deals 
with some of the basic machinery and equipment 
used by the plastics industry (although it should 
be noted that specialized equipment for fabricat- 
ing, for finishing, etc. are treated throughout the 
Encyclopedia Issue where pertinent to the subject 
under discussion). On page 1069, we begin a list 
of free manufacturer’s literature. And the last sec- 
tion of the Encyclopedia Issue, beginning on page 
1083, is the Directory. 





The basic keys to the Encyclopedia Issue are, of 
course, the various indices that have been prepared 
to enable the reader to find the specific information 
he is after. These indices are listed below. 


KEY TO INDICES 


On page 4...... you will find the over-all Table of Con- 
tents listing the various sections into which the 
Encyclopedia Issue is divided and the titles of 
the articles that appear in each of these sections. 


On page 10..... you will find the major cross-referenced 
Index listing all specific subjects covered in this 
Issue. 


On page 19..... you will find a list of all Advertising 
Index pages which precede each section. 
(We call your particular attention to the fact 
that each editorial section carries advertising per- 
tinent to it. Therefore, since much of our advertis- 
ing is of a catalog nature designed to supplement 
editorial matter with specific data on commercially 
available materials, machines, and services, we 
recommend that you make full and frequent use 
of these Advertising Indices.) 


On page 1084. . .you will find an Index to our Directory, 
listing by title the buying information contained 
therein on materials, machinery, services, etc. 


On page 1214. ..you will find a complete Index of all 
the advertisers in this year’s Encyclopedia Issue. 














From this wealth of information, it is obvious that the number of ques- 


tions which the Mopern Pxastics Encyclopedia Issue can answer is 
almost limitless. Below are some of the problems which the book has 
been called upon to solve and the recommended procedure for solving 
them as quickly and effortlessly as possible. 


PROBLEM: To find specific materials information. 


SOLUTION: 1) Check the articles on individual 
resins appearing in the section beginning on page 40. 
All articles in this section are arranged alphabetically 
by resin name for easier selection. 

2) Is the particular resin available in 
any special form? a) If it is foamable, see the sec- 
tion beginning on page 327. b) If it is to be used 
in the form of film or sheet, see the section beginning 
on page 365. c) If it is to be used as a laminate or 
if it is to be reinforced with a fibrous material, see 
the section beginning on page 515. 

3) For a quick comparison between 
various available resins: a) Use the Plastics Proper- 
ties Chart appearing opposite page 590. (Inci- 
dentally, the chart has been designed for wall hanging 
where it serves as a handy, quick reference.) 
b) Check the Technical Data Charts beginning on 
page 590 for comparisons between foams, films, 
laminates, etc. 

4) Check the Advertising Indices in 
the various sections pertaining to the specific mate- 
rial you are after to obtain commercial data on its 


availability. 

5) Check the listing of free Manufac- 
turer's Literature on page 1069 to see what booklets 
or pamphlets are available to supplement editorial 


data. 

6) Check the Directory Index, page 
1084, to see who sells the particular material you are 
after and where these companies are located. 


PROBLEM: To find the proper technique for proc- 
essing a particular plastic material. 
SOLUTION: 1) See the Engineering and Methods 
section, beginning on page 655. All major processes 
are covered: injection molding; compression and 
transfer molding; extrusion; sheet forming; and cast- 
ing. Reinforced plastics molding techniques are cov- 
ered in the section beginning on page 515. 
2) For a quick comparison between 
processing requirements for specific materials, skim 
through the molding characteristics tables accom- 


panying each injection molding and extrusion article. 
3) If it is an injection molding job, 
see the Check List of Molding Defects and Causes, 


page 717. 

4) If fabricating and finishing are in- 
volved, see the section beginning on page 869. 

5) Check the Advertising Index in the 
appropriate section. 

6) Check Manufacturer’s Literature, 
beginning on page 1069. 

7) Check the Directory Index, be- 
ginning on page 1084. 

PROBLEM: To select a new machine or piece of 
equipment. 

SOLUTION: 1) See the section beginning on page 
911 for a guide as to what to look for in purchasing 
basic machines and equipment and a quick run-down 
on new techniques you should know about. 

2) For data on specialized equipment, 
see the individual editorial sections pertaining to such 
equipment (e.g. sheet forming, fabricating, etc.). 

3) Check the Advertising Index in the 
appropriate section. 

4) Check Manufacturer’s Literature, 
beginning on page 1069. 

5) Check the Directory Index be- 
ginning on page 1084. 

PROBLEM: To refine a plastics formulation. 
SOLUTION: 1) See the section on Chemicals for 
Plastics, beginning on page 365, for a quick run-down 
on plasticizers, solvents, colorants, etc. 

2) Check the Plasticizers Chart, page 
638, for an authoritative listing of commercially avail- 
able plasticizers. 

3) If it is a filler or reinforcement 
problem, see page 481. 

4) Check the Advertising Index in the 
appropriate section. 

5) Check Manufacturer's Literature, 
beginning on page 1069. 

6) Check the Directory Index, be- 

ginning on page 1084. 


These problems, of course, are only a few of the many which the MopERN 
Pxastics Encyclopedia Issue can solve. Some manufacturers, for example, 
have found the Primer of Plastics on page 566 and the Plastics Glossary 
on page 572 a useful tool for training employees. And we are sure that 
many designers of plastics products will find the section beginning on 
page 20 a handy workbook for the plastic product planning stage . . . 
and probably just as many manufacturers will pick up useful ideas from 
the new articles on Cost Estimating beginning on page 30. 

The reader will also find the many other ways in which the Encyclo- 
pedia Issue can be adapted to meet specialized needs. And as a further 
aid, the editorial, advertising, and readers’ service staffs of the Encyclo- 
pedia Issue are available to answer additional questions which readers 
may have. Feel free to call on us at any time. 
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FOREWORD 





in the plastics industry during the past year have 
come at a fast and furious pace—and in virtually every conceivable 
area of plastics activity. Materials, processing, and applications all 
claimed a share in the many advances that combined to make the past 
year one of the most significant in the industry’s history. 

As a reflection of this expansion, the Modern Plastics Encyclopedia 
Issue has had to be expanded to almost a record number of editorial 
pages to adequately cover all of the year’s fast-breaking and exciting 
developments. 

The Resins and Molding Compounds section, for one, had to be 
expanded to include new articles on the various resins that have made 
their appearance on the scene within the past few months; and for 
each of the older, more conventional materials, experts in each field 
have reviewed and up-dated previously published information. 

And as a further reflection of the diversified interests of the plastics 
industries, an entirely new section on Planning the Plastics Product 
has been added to this year’s Encyclopedia. Articles on Designing for 
Plastics, on Cost Estimating, and a special feature on World Trade 
Statistics should make this introductory section a handy guide to any 
company or individual with any interest in plastics materials. 

The Engineering and Methods section has also come in for a good 
deal of revision and expansion. In addition to our regular features, we 
recommend to our readers the entirely new series of articles on plas- 
tics sheet forming techniques. 

And we are sure that readers will take full advantage of the exten- 
sive redesign and simplification job that has been done on the always 
popular Plastics Properties Chart. 

Of course, the Directory Section, as usual, carries an authenticated 
listing of manufacturers, molders, suppliers, etc., as well as a list of 
Trade Designations. 

Because so much of such value has been added to this year’s Ency- 
clopedia, readers are advised to refer to the How To Use It guide 
printed on the flyleaf. This guide, together with the Table of Con- 
tents on page 4 and the key Index on page 10, should help con- 
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siderably in finding the desired information. As a further aid, an Index 





of Advertisers whose products and/or services are related to the sub- 
ject matter of individual sections can be found at the beginning of 


each section. 


Readers should also bear in mind the availability of Modern Plastics 
Encyclopedia’s editorial and advertising staffs as a source for addi- 
tional information on any subject covered in the editorial or advertis- 
ing pages of this issue. Inquiries addressed to the Readers’ Service 
Department will be given prompt attention. 
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Inc.—C. H. Rybolt 

Lupton, John Mather, Co., Inc.— 
Fred Brewster, Ralph Sadler 

Luzerne Rubber Co., The—W. 
Murray Gall 

Marblette Corp., The—M. Hilrich 

Marbon Chemical, Div. of Borg- 
Warner Corp.—C. R. Holt, 
Howard H. Irvin 

Masonite Corp.—J. H. Mein 

Mathieu, Charles, & Co.—Charles 
Mathieu 

Melamine Plastics Corp.—Paul A. 
Bury 

Mellon Institute of Industrial Re- 
search—W. C. Hunt 

Mesa Plastics Co—Felix C. 
Karas 

Midland Adhesive and Chemical 
Corp.—I. A. Schulist 

Minnesota Mining & Mfg. Co. 








Russell Roth, J. A. Jupa, R. K. 
Humke, Ronald L. Anderson, 
L. W. Cornell, George W. 
Crain, Rod Leonard 

Miracle Adhesives Corp.—E. R. 
Falkenburg 

Mobay Chemical 
White, J. G. Zack 

Mol-Rez Corp.—P. B. Herman 

Mono-Sol Corp.—E. M. Kratz 

Monsanto Chemical Co.—Charles 
P. O’Donnell, Gertrude Bailey, 
Rodney M. Huck, Norbert 
Platzer, M. C. Throdahl, E. F. 
Jackson, Martin L. Svehla, 
J. Holt, George Johnson, Law- 
rence Persichini 

Montrose Chemical Co.—Samuel 
Rotrosen 

Muehlstein, H., & Co., Inc.—T. J. 
Sherga 

Munray Products, Inc.—Vernon 
K. Jack 

Mycalex Corp. of America—A. J. 
Monack, J. H. DuBois 

Narmco Resins & Coatings Co.— 
Ollie Holt 

National Adhesives, Div. of Na- 
tional Starch Products Inc.— 
William J. East 

National Casein Co. 
Cook 

National Lead Co.—P. W. Rizzo 

National Plastic Products Co., 
The—James Richards, T. E. 
McGoury 

National Polymer Products, Inc. 
—Conrad H. Busch 

National Vulcanized Fibre Co.— 
R. F. Bogart, J. Macadam 

Natvar Corp.—R. C. Lorentz 

Naugatuck Chemical—W. F. La- 
velle, E. S. Ebers 

Neville Chemical Co.—E. Glenn 
Isenberg, W. J. Wald 

Newport Industries, Inc.—John 
H. Holzberger 

New York Quinine & Chemical 
Works—W. A. Thawley 

Nixon Nitration Works—I. O. 
Kenen 

Nopco Chemical Co., Inc. 
Ackerman 

Nova Chemical 
Wolff 

Olin Film Div., Olin Mathieson 
Chemical Corp.—C. D. Mollo 

Osborn, C. J., Co—C. F. Silleck 

Paisley Products Inc., Div. of 
Morningstar, Nicol, Inc.—A. G. 
Cserne 

Pan American Chemicals Corp. 
Frank J. Smith 

Pantasote Co., The 
Wyman 


Co.—Martha 


Thomas H. 


E. G. 


Corp.—G. A. 


Henry W. 


Parkwood Laminates, Inc.—P. B. 
Leverette 

Parks and Co.—Lloyd E. Parks 

Parsons & Whittemore, Inc.—C. 
Silvis 

Penola Oil Co—L. T. Morrow, 
George F. Heil 

Perry-Brown, Inc.—Gordon G. 
Moffitt 

Phillips Petroleum Co.—C. W. 
Wolfe, G. T. Leatherman, 
George Wash, R. M. Wallace 

Pierce & Stevens, Inc.—George 
H. Askin 

Pioneer Latex & Chemical Co.— 
Edward H. Robbins 

Pittsburgh Coke & Chemical Co. 
—Duncan J. MacLennan 

Pittsburgh Plate Glass Co.—E. 
W. Moffett, H. L. Gerhart, E. 
M. Penney 

Plastex Process 
Jordan 

Plastic Film Corp.—T. A. Lan- 
caster 

Plastics Engineering Co.—Ralph 
T. Brotz 

Plax Corp.—C. N. Sprankle 

Polymer Chemical Co.—H. N. 
Waldman 

Polymer Corp.—C. H. Busch 

Polymer Industries Inc.—John W. 
Foster, Jr. 

Presto Plastic Products Co., Inc. 
—J. P. Frank 

Publicker Industries Inc.—Frank 
E. Bennett 

Pyroxylin Products, Inc.—W. C. 
Ashley 

Raffi and Swanson, Inc.—R. O. 
Fernandez 

Rand Rubber Co.—L. H. Rand 

Reliance Plastic & Chemical Corp. 
—Fred Levine 

Reichhold Chemicals, Inc.—Mark 
K. Pinkerman 

Resin Industries, Inc.—Allen W. 
Schmidt 

Resistoflex Corp.—C. W. Smythe, 
B. M. Walker 

Respro Div., The General Tire & 
Rubber Co.—W. H. Young, Jr. 

Reynolds Chemical Products Co., 
The—James W. Hull 

Reynolds Metals Co—R. L. 


Co.—Clifford 


Moore 

Rezolin, Inc.—L. R. Miller 

Richardson Co., The—J. C. Rich- 
ardson 

Richardson Moulded Products 
Ltd.—W. R. Douglas 

Rogers Corp.—T. H. Johnston, Jr. 

Rohm & Haas Co.—M. Kilpatrick, 
Robert P. Goodale, Burnap 
Post, Colin C. Campbell 


Ross & Roberts Sales Co., Inc.— 
Eleanor Hans 

Rostone Corp.—M. G. Knoy 

Rubatex Div., Great American 
Industries, Inc-—K. E. Balliet, 
King Daywalt 

Rubber and Asbestos 
Bernard Gould 

Rubber Corp. of America—A. E. 
Young 

Russell Reinforced Plastics Corp. 
—Harry J. Friedman 

Schwartz Chemical Co., Inc.—A. 
A. Schwartz 

Seiberling Rubber 
Figenscher 

Semet-Solvay Petrochemical Div., 
Allied Chemical Corp.—Wm. E. 
Schwarz 

Shawinigan Resins Corp.—Ralph 
W. Poole, Jr. 

Shell Chemical 
Swackhamer 

Sherwin-Williams Co., The—K. 
R. Brown, C. H. Carlson, H. F. 
Schwarz 

Shoe Form Co.—G. N. Tutton 

Sierracin Corp., The—J. E. Slatky 

Silicones Div., Union Carbide 
Corp.—G. F. Brown 

Slomons Laboratories, Inc.—Ira 
Slomon, Jr. 

Sonneborn, L., Sons, Inc.—R. K. 
Rhodes 

Spaulding Fibre Co., Inc.—R. B. 
Green 

Specialty 
Lasher 

Spencer Chemical Co.—E. Stol- 
lenwerk, M. Stringfellow, T. O. 
Kresser, L. G. Hackley 

Spraylat Corp.—R. D. Oppen- 
heim 

Standard Oil Co. of California— 
F. L. Craise 

Standard-Toch Chemicals, Inc.— 
H. F. Boehlert 

Stanley Chemical Co., The—A. B. 
Sherry 

Stevens, J. P., & Co., Inc.—N. B. 
Gobeil 

F. J. Stokes Corp.—J. Gordon 
Seiter 

Stoner-Mudge, Inc.—R. B. Wil- 
son 

Strux Corp.—Paul John Witte 

Sullivan Chemicals Div., Sullivan 
Varnish Co.—W. A. Hanan 

Styrene Products Ltd.—E. M. 
Hunt 

Surprenant Mfg. Co.—E. M. Quill 

Swift & Co—E. R. Paul, G. G. 
Bixler 

Sylvan Plastics, Inc—Edwin F. 
James 


Corp.— 
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ABS polymers (See Acrylo- 
nitrile Resins) 


ABIETIC ACID ESTERS 


Plasticizers chart 


ABRASION RESISTANCE 

Acetal resins .... 

Inks 

Neoprene rubber 

Nylon 130, 131, 132, 176, 763 

Polyethylene 346 

Urethane 176 
99, 170, 176 


ACCUMULATORS 
Manufacturers of 1084 


ACETAL, POLYVINYL (See 
Vinyl Polymers and Co- 
polymers) 


ACETAL RESINS 
Applications 
Processing 
Properties 


ACETATE, CELLULOSE (See 
Cellulose Acetate) 


ACETATE, VINYL (See Vinyl 


Polymers and Copolymers) 


ACRYLIC RESINS 
Acrylonitrile 
Adhesives 
Adhesives chart 
Annealing 
Applications of 
Bonding of 
Casting 
Catalysts, use of 
Coatings 
Esters 
Embedding specimens in ... 
Extrusion of 
Fibers chart 
Film and sheeting 
Injection molding 
Ion exchange resins 
Laminates, use in 
Machining 
Manufacturers of 
Monomers and polymers ... 
Optical aspects 
Plasticizers chart 
Polyacrylic ester rubbers .. 
Polymethyl methacrylate 801, 834 
Properties chart facing 590 
Textile treatments with .... 88 


10 


Thermoforming 
Vacuum metalizing 


ACRYLONITRILE RESINS 
ABS polymers 
Extrusion of 
Thermoforming 
Coatings chart 
Fibers chart 
Rubber, use of 


ADHESIVE BONDING 


ADHESIVES (See also Adhe- 
sives Chart) 
Acrylics in 
Bonding qualities 
Catalysts 
Cellulosic derivatives 
Combinations of resins 
Elastomers 
108, 180, 184, 539, 831 
Fillers and extenders 
Forms of 
Furane resins 
Isocyanate 
Manufacturers of 
Melamine resins in 
Phenolic resins .... 
Polyesters in 
Radiation-resistant 
Resins for 
Resorcinol formaldehyde 
136, 180, 184 
Rubber i 182 
Silicone 
Solvents 5, 400 
Types in sandwich construc- 
tions 539 
; , 892 
Urea formaldehyde in .... 92, 179 
Vinyls in , 181 


ADHESIVES CHART 602 
AGRICULTURAL PRODUCTS 


(See also Casein and Pro- 
tein Plastics) 
Adhesives chart 


ALKYD RESINS , 567 
Applications of 145 
Manufacturers of 
Molding compounds ...... 91, 144 
Paints, use in 145 
Properties chart 
Styrenated alkyds 
Surface coatings 


ALKYL RESINS (See also 
polyesters) 
Coating chart 


Low-pressure laminating 
resins chart 
Manufacturers of 


Properties chart facing 590 


ALKYL VINYLETHERS (See 
Vinyl Polymers and Co- 
polymers) 


ALPHA-CELLULOSE (See 
Fillers) 


AMINO RESINS (See also 
Melamine and Urea) .... 90, 566 

Chemistry of 
Coatings 
Coatings chart 
Colorants for 
Compression molding of .... 
Manufacturers of 
Properties chart 
Uses of 


ANNEALING .... 683, 684, 710, 870 


ASBESTOS 
Fillers 
Heat resistance 
Laminates chart 
Laminates, use in 
Manufacturers of 
Mats 
Preforms 
Properties chart 
Properties of 
Reinforcements 
Types of 


ASPHALT 
Adhesives chart 
Coumarone-indene resins in 100 
Coatings chart 
Manufacturers of 


facing 590 


BANBURY MIXER 
BIBLIOGRAPHY 


BISPHENOLIC OIL 
Coatings chart 


BITUMEN (See Asphalt) 
BOILERS 


Manufacturers of 
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BONDING (See Adhesives, 
Cementing, Heat-Sealing, 
Welding) 


BOOKS 986 
BOTTLES AND TUBES 
Polyetingieme § ..ncccccccceess 115 
BUFFING (See Machining) 
BURNING CHART ......... 592 
BUTADIENE POLYMERS 
AND COPOLYMERS 157, 160 
Acrylonitrile copolymers 157, 161 
Adhesives chart ........... 602 
Styrene copolymers ....... 157 
BUTYL, RUBS «6 eesccenss 160 
Adhesives chart ........... 602 
Coatings chart ...ccccceses 610 
BUTYRAL, POLYVINYL 
(See Vinyl Polymers and 
Copolymers) 
BUTYRATE 
Film and sheeting ......... 449 
Properties chart ...... facing 590 
CALENDERING ............ 570 
Calender wind-up ......... 954 
Equipment for ............ 952 
Film and sheeting ...... 952, 953 
Mixes and mills ........... 952 
Roll arrangements ........ 953 
Styrene copolymers ........ 158 
CARBAZOLE, POLYVINYL 
(See Vinyl Polymers and 
Copolymers) 
CARBON FILLERS (See 
4 Fillers) 
CARBOXYMETHYL 
CELLULOSE ........... 93 
Applications of ............ 98 
Characteristics ............ 97 
Coatings chart ............ 610 
Compounding and processing 97 
Manufacturers of .......... 1084 
Preperation of ..........<: 93 
CASEIN PLASTICS ........ 148 
Manufacture .............. 148 
Manufacturers of .......... 1084 


Properties chart ...... 


CASHEW RESINS 
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pO Re a ey 801, 835 
SND pai arewwak oan x oleenre 825 
Flexible molds for 808 
Methacrylates 810 
Plastic tools fabrication .... 798 
Plastisol molds, use of .... 806 
Potting and encapsulation of 

electrical components .. 810 
I oo re ce le cate tices 823 

CASTING RESINS 
MI rong Ga pine dee oe 801 
I e-araieniaie wa aces 107, 825 
Manufacturers of .......... 1084 
re 135, 824 
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Properties chart 


CATALYSTS 
Acrylics, polymerization 835 
Adhesives, curing ......... 185 
Low-pressure laminating 
pesies Cmart 2... ccsccce. 629 
CATION EXCHANGE RES- 
INS (See Ion Exchange 
Resins) 
CELLOPHANE ........s000- 93 
Characteristics ............ 98 


Compounding and processing 98 
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Film and sheeting ......... 451 
Films chart .........ese00. 559 
Manufacturers of .......... 1084 
Preparation of ............ 93 
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CELLULAR PLASTICS (See 

Expanded Plastics) 

CELLULOID (See Cellulose 

Nitrate) 

CELLULOSE ACETATE .. 93, 567 
Adhesive use .............. 181 
Adhesives chart ........... 602 
Applications of ............ 94 
ee 182 
Cellular, in sandwich con- 

SOPNET, Sikh exes snk keae 340 
Cellular (Strux) .......... 339 
Characteristics ............ 94 
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Comtines chart. .........0:- 610 


Compounding and processing 94 
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Fibers chart .............. 618 
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Injection molding ......... 686 
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Plasticizers for ............ 390 
Preparation of 
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CELLULOSE ACETATE 


BUTYRATE ..... . 93, 568 
Adhesives chart ........... 602 
Applications of 96 
Characteristics 95 
Coatings 176 
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ae 751 
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CELLULOSE NITRATE ..... 93 
Adhesive use ............. 182 
Characteristics ............ 94 
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Compounding and processing 94 
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Preperation OF ....0.60600: 93 

CELLULOSE PROPIONATE § 93 
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Characteristics ......0000% 96 
Compounding and processing 96 
Pe 751 
Injection molding .......... 686 

CELLULOSE TRIACETATE 
Film and sheeting ......... 449 

CELLULOSICS (See also spe- 

cific materials) 

Injection molding ...... 686, 717 

CEMENTING (See also spe- 

cific materials) 

Adhesive bonding ........ 890 
Adhesives chart ........... 602 

CERAMOPLASTICS ........ 120 


CHEMICALS FOR PLASTICS 
Basic raw materials 
Colorants 
Organic intermediates 
Plasticizers 
Solvents 


Stabilizers 


CHLORINATED PARAFFIN 
Coatings chart ..........<: 


CHLORINATED RUBBER 
(See Rubber, Chlorinated) 


CLOTH LAMINATES (See 
Fabrics, Glass, Laminates, 
and Reinforcements) 


COATINGS (See also Coatings 
Chart, Decorating, Paints) 

Acrylic resins for 88, 

Adhesives chart 
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Alkyd resins in 
Cellulose 

Enamels .... 

Epoxy . 

Equipment fo 

F luorocarbons 

Furane resins 

Lacquers 
Manufacturers of .. 
Melamine resins for 
Nylons oats 
Paper with nylon . 
Phenolic resins 
Polyethylene sancti 
Polyvinyl chloride base .... 
Resins for 

Silicone 

Solvents, use in . 
Styrene wes 
Urea formaldehyde in 


Urethane .... ove 2 1M 
Varnishes .. weses Lam 1 
Vinyl 71, 169, 176, 


Wire (See Wire coating) 
COATINGS CHART 


COLD MOLDED 
COMPOUNDS 

Applications 
Binders for 
Characteristics 
Inorganic 
Manufacturers of 
Organic 


Properties chart ...... facing 5 


COLOR AND COLORING 
Colorants for plastics .. 
Dyes 
Equipment for bates 
For injection molding ... 
Luminous pigments for plas- 

tics 
Paint colors 
Pigments . 
Recoloring scrap stocks . 


COMPOUNDING 
Banbury mixing 
Chopping, granulating, 

es 

Equipment for 
Extruders for 
Plasticizing equipment 
Premixing euks 
Weighing equipment 


COMPOUNDS, MOLDING 


(See specific materials) 


COMPRESSION MOLDING ... 


Applications 

Cost estimating ... 
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Melamine formaldehyde .. 
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Molding methods 
Molding temperatures for 

Alkyds 

Melamine formaldehyde 

Phenolics 

Urea resins 
Phenolics 
Preforming . . ta 
Preforms for ... , 735, 736 
Presses, manufacturers of .. 1084 
Pressure systems 
Shrinkage of materials .... 

729, 732, 739, 

Teflon 
Types of molds 
Urea formaldehyde .... 


COMPRESSIVE STRENGTH 


Properties chart facing 590 


COMPRESSORS 
Manufacturers of . 


CONDUCTIVITY, THERMAL 


Properties chart facing 590 


CONTROL EQUIPMENT 
Electric. heating 
Extrusion 
For molding machines 
Gas heating 
Hot-water heater 
Manufacturers of 
Pressure 
Steam heating 
Temperature 
Compression molding .... 
728, 732, 738, 739 
Extrusion 750, 755, 
760, 763, 766, 767, 768, 949 
Injection molding . 685, 687, 690, 
692, 695, 696, 700, 701, 703, 704, 
707, 708, 709, 710, 711, 712, 713 


CORE MATERIALS (See Ex- 


panded Plastics) 


CORROSION 
Corrosion-resistant coating 
(TFCE) 


Plastics tools resistance of .. 


COST ESTIMATING 
Compression and transfer 
molding 
Factory cost estimate 
Injection molding 


COTTON 
Fibers chart 
Fillers 
Laminates chart 
Laminates, use in 


COUMARONE-INDENE 
RESINS 
Adhesives chart 
Applications 
Characteristics 
Coatings chart 
Manufacturers of 


DECORATING 
Colorants for plastics 
Designing with plastics .... 
Dip coating 
Embossing 
Fill-in marking 
Film and sheeting 
Metalizing 
Molded plastics 
Paints used 
Polystyrene 
Roll-leaf hot-stamping 
Roll leaf stamping 
Roller coating 
Screen process printing .... 
Spray coating 
Spray masks 


DECORATING FILM AND 
SHEETING 


DENSE WOOD (See Wood, 
Modified) 


DESIGNING WITH 

PLASTICS 

Decorating 

Electrical properties 

Esthetics 

Light behavior and _ trans- 
parent plastics 

Optical aspects 

Plus factors of plastics 


DESTATICIZERS 


DIATOMACEOUS SILICA 
(See Fillers) 


DIELECTRIC BREAKDOWN 
Properties chart facing 590 


DIES (See also Molds) 
Heat-sealing, electronic .. 954, 955 
Plastics tooling 


DIES, EXTRUSION (See Ex- 


trusion) 
DIRECTORY 


DISSIPATION FACTOR 


Properties chart facing 590 


DISTORTION, HEAT 


Properties chart facing 590 


DRAWING (See Forming) 
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DRILL PRESSES ........... 
Manufacturers of ......... 
DRILLING (See Fabricating 


and Finishing, Machining, 
and specific materials) 


DUPLICATING MACHINES 
Manufacturers of .......... 
DYES (See Color and 
Coloring) 


ELECTRICAL INSULATION 
Polyethylene 
Silicone resins 
Virgil CRIOTIGS «0006s cues 
Vulcanized fibre 
Properties chart 


ELECTRICAL PROPERTIES 24 
ELECTRONIC HEAT- 
SEALING ............ 954, 955 
EMBOSSING 
Processes Of .......ccccce 156 
ENAMEL (See Coatings and 
Paints) 
ENCAPSULATION OF ELEC- 
TRICAL COMPONENTS 810 
ENGINEERING AND 
st 677 
EPOXY RESINS ........ 102, 568 
Adhesives ........ 108, 180, 184, 
539, 831 
CR eT 107, 825 
ee 176 
Coatings chart ............ 610 
Coatings, surface ...... 105, 399 
eee ee 104 
go 107, 355, 539 
Historical development 104 
Laminates ........ 106, 516, 521 
eee 886 
Molding compounds ........ 107 
Potting and encapsulation of 
electrical components .... 813 
Properties chart ...... facing 590 
Properties of .............. 102 
Resin synthesis ............ 104 
Tooling, use in ..107, 797, 800. 826 
Use as stabilizers .......... 379 
eo ae tees ck vennn 108 


EQUIPMENT (See Machinery 
and Equipment) 


ETHOXYLENE RESINS (See 
Epoxy Resins) 


INDEX 





ETHYL CELLULOSE ....... 93 
Adhesives chart .......... 602 
Characteristics ............ 97 
Coatings chart ............ 610 


Compounding and processing 97 


ee 751 
bp, ee 597 
Injection molding ......... 686 
Manufacturers of .......... 1084 
Plasticizers chart .......... 638 


Properties chart ...... 
ETHYLENE POLYMERS 
(See Polyethylene) 


EXPANDED PLASTICS (See 
also Foamed Plastics and 
Foaming Plastics) 


Manufacturers of .......... 1084 
Flexible plastics vs. rubber 

es cs ners elaine. 357 
Styrene 156 

EXPANSION, THERMAL 
Properties chart ...... facing 590 

EXTENDERS (See Fillers) 

[4 oy 9.00 0. 969, 743 
ABS polymers ........ 766 
ME hela, ck sient ule 748 
Adiabatic system .......... 746 
ee eee 751 
Coating (polyethylene) 

WEE idaninccsnssanrys 771 
Control equipment ........ 950 
Die design ........ 746, 751, T33, 

763, 768, 770 

Dies for ...... 749, 751, 757, 774 
Equipment for ..... 751, 753, 756, 
759, 763, 766, 768, 947 


Film and sheeting .. 
Instrumentation 
Kel-F 
Machinery, manufacturers of 1084 


761, 767, 7 


OTe Trt 759 
Polycaprolactam nylon 763 
POryetyiene 2... ccccseccne 768 
Polypropylene ............. 140 
Polyvinyl chloride ........ 774 
Screw design ...... 744, 770, 774 
Serews for 0.662.600. 947, 975 
RE eres aera are ce oe 153 
EE Oe a ee eee 756 
Temperature control ... 750, 755, 
760, 763, 766, 767, 768, 949 
Vinyls, rigid ...... 173, 776 
Wire coating, nylon ........ 760 
Wire coating, polyethylene 771 
Wire coating, Teflon ...... 757 
Wire coating, TFCE .... 754, 759 
be 
FABRICATING AND 

FINISHING ......... 570 
Adhesive bonding ......... 890 
Broaching laminates ...... 517 


Buffing laminates .......... 525 

Drilling laminates ......... 523 

Drilling thermoplastics 883 

Flycutting laminates ...... 523 

Gear cutting, plastics lami- 

NG As srasi enemas uals 524 

Grinding tubes and rods 525 

errr 516, 522 

Lathe operations on lami- 

NE Sea ea nica bw ware wlekone ¥% 524 
Milling laminates ..r....... 523 
Planing and shaping lami- 

EE paaivaicwdaatnswkvees 524 

Plastics tooling ............ 796 

eo 960, 964, 970 

Punching laminates ........ 524 

Sanding and grinding lami- 

OE Ee aA anti cranes 525 
Sawing laminates .......... 522 
Screw machines and turret- 

lathe work .............. 524 

Shaving laminates ........ 525 

Shearing laminates ........ 522 

Tapping laminates ........ 523 

Thermoplastics, machining 822 
FABRICS 

CE Sai sneer 482, 484, 494, 618 

Glass reinforcements ...... 488 

Nonwoven fabrics ......... 496 

WON Sookie xice woeaine cos 489, 498 
FIBERS (See also Fabrics and 

Fibers Chart) 

Synthetic and cellulosic .... 494 
FIBERS CHART ....... 618 
FIBROUS GLASS 

PREFORMING 526 
FIBROUS GLASS 

REINFORCEMENTS ........ 486 

Characteristics ............ 486 

Economics, costs .......... 489 

Finishes, types and sources 

le. rae re 487 

Manufacture .............. 486 

MC ec sacutoides oaneakcks 488 

Rovings and chopped strands 487 

Woven fabrics ............ 489 

Yarn nomenclature ........ 488 

TOPE, WHE CF 2... cccccss 488 
FILLERS (See also specific 

materials) 

Alpha-cellulose . 91, 484, 485, 486 

ee 483, 484, 490 

Carbon black ......... ... 484 

TE i ao. aon oie pdrecatrers 482, 484 

Diatomaceous silica ........ 484 

For adhesives ............. 188 

For electrical potting and 

encapsulation ........... 814 

ES aereis Obese eae 484 

MONI 5.8 oo. a9 aces aches 484 

Impact values .. 482, 483 

Keratin products .. 484 

OS a ee 483, 484 

Macerated fabric ........ 482, 484 

Piss Sao oeccdaeie Shen 484 






























































Nylon 
Paper, chopped 
Properties of 


Synthetic fibers 
Types of 
Wollastontite 
Wood flour 


FILLERS AND REINFORCE- 


FILM, SHEETING, AND 

SHAPES (See also 
Chart) 

ABS polymer sheet 

Acrylic 

Butyrate 

Calendering 

Cellophane 

Cellulose acetate 

Cellulose triacetate 

Decorating 

Extrusion of 

Laminates 

Manufacturers of 

Methyl] cellulose 

Polyester resins 

Polyethylene 

Styrenes 

TFCE 

Vinyls 


Films 


FILMS CHART 


FINISHING (See fabricating 


and finishing) 


FLAMMABILITY 
Properties chart . facing 

FLEXURAL STRENGTH 
Properties chart .... facing 


FLUORIDES (See Fluorocar- 
bons; Kel-F; Teflon) 


FLUOROCARBONS .. 116, 175, 568 
Laminates, use in 517 
Properties chart .... facing 590 


FLUORORUBBERS ........ 163 


FOAMED PLASTICS (See 
also Expanded Plastics and 
Foaming Plastics) 

Cellulose acetate 

Epoxy 

Flexible foam 

Phenolics 

Polystyrene 

Polyurethane .......... 

Preparation .... 328, 330, ; 
338, 342, 344, 347, ; 

Rigid foam 

Semirigid foam 

Silicone 
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Syntactic foam 
Use in sandwich construc- 
tions 


GRINDERS 


Manufacturers of 


FOAMED PLASTICS CHART 


FOAMING PLASTICS 
Foaming agents 


HARDNESS 


FORMING (See also Properties chart 


specific materials) .... 571, 
ABS polymer blends ........ 
Acrylics 
Air-cushion method 
Blow-back forming 
Cellulose acetate 
Drape forming 
Free-blowing 
Mechanical forming thermo- 

plastic sheet 
Plug and ring 
Plastics tools for 
Polyethylene 
Pressure forming 
Ridge forming 
Slip ring 
re 
Temperatures for: 

ABS polymer blends .... 

Acrylics 

Cellulose acetate 

Polyethylene 
Tools 
Vinyls 


.... facing 


HEAT CONDUCTIVITY 
Properties chart .... facing 


HEAT DISTORTION 
Properties chart .... facing 590 
HEATING 
Cylinder design 
Electric heating control .... 
Extruders 
Gas heating control 
Hot water heating control .. 
Laminating, heaters for .... 
Preheater, dielectric 
Preheater, oven type 
Preheating alkyds 
Preheating, electronic 


Preheating melamine 
Preheating urea 
Steam heating control 


HEAT-SEALING 
Electronic sealing dies 
Equipment for 


FOUNDRY INDUSTRY 
Phenolic resin usage 
Plastic materials, use of .... 


HOBBING PRESSES 


FURANE RESINS Manufacturers of 


Adhesives chart 

Applications 

Coatings 

Coatings chart 

Manufacturers of 

Processing 119 
Properties chart facing 59( 


HYDROXYETHYL 
CELLULOSE 
Adhesives chart 
Characteristics of 
Coatings chart 
Preparation of 


FURFURYL ALCOHOL 


(See Furane Resins) 


G 


IMPACT STRENGTH 
GLASS Properties chart .... facing 590 
Fibers chart 
Fibrous, manufacture of .... 
Fibrous, preforming of .... 
Fillers 
Laminates chart 
Laminates, use 
Reinforcements, fibrous .... 


INDEX OF REFRACTION 
Properties chart .... facing 590 


INJECTION MOLDING .. 569, 678 
Acrylics 
Annealing of molded 
parts 683, 684, 710 
ee 686, 717 
Cost estimating 30 
Equipment for 686, 715, 943 
Gates, restricted 686, 690, 
692, 695, 701, 703, 704, 
707, 710, 713, 714 


GLOSSARY 


GLUE AND GLUING (See 


Adhesives) 


GRAPHITE (See Fillers) 
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nna Seanad é wwe renee 689 
Labor-saving devices ...... 945 
Material-saving devices ... 945 


" . 682, 686, 688, 689, 
691, 694, 700, 702. 
704, 706, 709, 714 


Mold design .. 


Mold temperature ........ 683 
Molding defects and causes, 
eS Sf eee 717 
Molding temperatures: 
For QCPYlcS ...0ccccccees 686 
For cellulosics .......... 687 
a 8” — ae re 690 


For nylon 
For polyethylene .. 696, 700, 


For polypropylene ........ 704 
For polystyrene .... 707, 708, 
709, 710, 711, 712, 713 
ee ees 691, 694, 717 
Polyethylene .... 112, 696, 700, 
701, 718 

Polypropylene .......... 140, 704 
EEO ECON TA, 705 


Polytrifluorochloroethylene . 689 


DD. -firwa chk Secaseeaes 942 

0 et eee 159, 718 

Styrenes, special .......... 708 

Time-saving devices ...... 943 

WHE Si ovcadxcwsrte ces 714, 719 
INORGANIC PLASTICS .... 120 

Ceramoplastic materials .... 120 

Glass-bonded mica ........ 120 
INSERTS 

Manufacturers of .......... 1084 
INSTRUMENTATION 

Control equipment ........ 940 


ION EXCHANGE RESINS .. 121 


Acrylic Based :......cececs 88 
Applications of ........ 122, 123 
Equipment and operation ....121 
Manufacture of ............ 121 
Manufacturers of .......... 1084 
Pharmaceutical uses ....... 122 
MII ov bids edo dciecccdas 121 
Sugar refining, use in .... 122 
ee See eee eer 121 
Uranium recovery ......... 122 
Water conditioning ........ 122 
ISOBUTYLENE-DIOLEFIN 
re 161 
Coatings chart ............ 610 
ISOCYANATE RESINS ..... 124 
Adhesives ............ 126, 182 
SIN, occas icinne wxcnebe 125 
Elastomers ................ 126 
| ee ene 124 
Urethane foams ............ 124 


IZOD IMPACT STRENGTH 
Properties chart .... facing 590 


INDEX 


DI ices, rad va aie sacle 118 
Characteristics of .......... 118 
OT re 753 
Film and sheeting .......... 450 
WE ioc dwce kr oe een 597 
Injection molding ........ 689, 717 
SE Ocean eek amano 885 
Properties chart .... facing 590 

KERATIN PRODUCTS 

(See Fillers) 
L 

LABORATORY PRESSES 
Manufacturers of .......... 1084 

LACQUERS (See Coatings) 

LAMINATES (See also Lami- 

nates Chart and Laminat- 
re ree re 516 
Applications of ........ 452, 519 
arr ee 160, 516, 521 
Fluorocarbons in .......... 517 
High-pressure ............. 494 
Low-pressure ........ 494, 516 
Melamine resins in ...... 92, 516 
ey 517 
Printed circuits ........ 519, 521 
DID hccictciaeccnarieas 522 
Properties of (Table) 520 
ps ox edi wcmom arate es 519 
0 er ree 149, 517 
, | Ee ree rr rs 519 
ME NE 05 afaciis'ere -cisleuia ook a 451 
LAMINATES AND REIN- 
FORCED PLASTICS (See 
Reinforced Plastics) 

LAMINATES CHART ...... 624 

LAMINATING 
Boulpment for ............ 956 
WS GE oe vk ost ee dscdaan 451 
ED ip coe ceeecceweun 959 
Phenolic resins ........ 135, 516 
bg 798 
pe re 960 

av ee eee 907, 963 
Manufacturers of .......... 1084 

LEATHER (NATURAL AND 

SYNTHETIC) 
Acrylic based coatings 89 

LIGNIN 
Filler, use as .......... 483, 484 
Manufacturers of .......... 1084 

LOSS FACTOR 
Properties chart .... facing 590 


LOW-PRESSURE LAMINAT- 


ING (See Laminates, Lam- 
inating, and Reinforced 
Plastics) 


LOW-PRESSURE LAMINAT- 


ING RESINS CHART .. 629 


LUBRICANTS 
Mold release agents ...... 382 
De ccasseeasnessmdewee 152 
LUMINESCENT MATERIALS 
Manufacturers of .......... 1084 
M 
MACHINERY AND EQUIP- 
MENT (See also specific 
CO eee ere 940 
Manufacturers of .......... 1084 
MACHINING (See also specific 
materials) 
Adhesive bonding ......... 890 
Broaching laminations .... 525 
Buffing laminates .......... 525 
Drilling laminates ........ 523 


Drilling thermoplastics .. 883, 959 


Equipment for ............ 883 
Flycutting laminates ....... 523 
ES 522 
Lathe operations on lami- 
RSPR ae ee ae PY 524 
Gear cutting plastics lami- 
IE isin setestGenedonance 523 
ee 814 
Milling laminates .......... 523 
Planing and shaping lami- 
ER eee ee 524 
POMSRIN® 2.5 cove cs a 960, 964, 970 
Punching laminates ........ 524 
Guality control ........0.0 888 
Sawing laminates .......... 522 
Sanding and grinding lami- 
ca cae eiarsiekwntenes 524 
Screw machine and turret- | 
re 524 
Shaving laminates ........ 525 
Shearing laminates ........ 522 
Tapping laminates ........ 523 
Thermoplastics ............ 882 
Welding, hot-gas .......... 880 
pes |: 586 
MANUFACTURERS ........ 1084 
MELAMINE RESINS .... 90, 566 
pS re 180, 184 
Applications of ............ 91 
SINE ctor h edd ad siwa:d.<ie's 92; 176 
Coatings chart ............ 610 
Compression molding of .... 727 
Ne re 91 
Laminates chart ............ 624 
Laminates, use of ........ 92, 516 
SER rrr eS 886 
Manufacturers of .. . 1084 
Preforming of .............: 727 


Properties chart facing 590 


is 








METALIZING 
Acetates 
Acrylics 
Butyrates 
Coating problems 
Equipment problems 
Golds 
Polyesters 
Polyethylene 
Process of 


METHYL CELLULOSE 
Adhesives chart 
Film 
Manufacturers of 


METHYL METHACRYLATE 
(See Acrylics) 


MICA 
Fillers 
Glass-bonded 
Manufacturers of 
Properties chart .... facing 590 
MILLING MACHINES .... 908, 964 


Manufacturers of 


MOLD RELEASING AGENTS 381 
Types of 


MOLDING (See also specific 
type) 
Plastisols 


MOLDING COMPOUNDS 
Alkyd 
Epoxy based 
Melamine formaldehyde . 
Phenolic 
Silicone 
Urea formaldehyde ...... 91, 


MOLDING COMPOUNDS, 
FILLERS FOR 


MOLDS 

Casting, acrylics 

Design for ABS-blend sheets 

Design for acrylics 685, 

Design for cellulose acetate . 

Design for styrene alloys ... 

Design for Teflon 

Design for ureas 

Design for vinyls 

Electrical potting 

Flexible, for casting 

Lubricants for 

Mold making, control equip- 
ment 

Mold making, equipment for 

Tooling 


MONOFILAMENTS 
(See Fibers) 


MYCALEX 


Properties chart .... facing 590 
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NAPHTHENATE, POLY- 
VINYL (See Vinyl Poly- 
mers and Copolymers) 


NATURAL RESINS 
Accroides 
Amber 
Asphalts 
Cashew 
Coatings chart 
Copals 
Damars 


NEOPRENE RUBBER 
Adhesives chart 


NYLON RESINS 
Applications 
Coatings 
Coatings chart 
Extrusion of 
Fibers chart 
Te OR iceisne seen 
Films chart 
Injection molding 
Laminates chart 
Laminates, use in 
Machining 
Manufacturers of 
Mechanical parts, use for ... 
Plasticizers for 
Processing 
Properties chart 
Properties of 
Types of (Table) 


.. 691, 694, 717 


oO 


OIL-REACTIVE ESTER 
RESINS 
Coatings chart 


OLEORESINOUS MATE- 
RIALS 
Adhesives chart 
Coatings chart 


OPTICAL PROPERTIES 
Acrylics 
Light behavior 
Properties chart .... facing 590 


ORGANOSOLS 


PAINTS 
Alkyd resins in 
Silicone additives 
Spray masks 
Used in decorating 


PAPER 
Chopped, as filler 
Coating with nylon 
Melamine resins for 


PETROLEUM RESINS 
Applications of 
Characteristics 


PHENOL-FORMALDEHYDE 
RESINS (See also Phe- 


nolic Resins) 
PHENOL-FURFURAL 


Properties chart .... facing 590 
PHENOLIC RESINS 
Adhesives 
Adhesives chart 
Bonding agents 
Casting 
Chemistry and manufacture 
Coatings 
Coatings chart 
Compression molding 
Foams 


133, 567 
135, 180, 184 


Foundry use 
Laminating uses ........ 135, 
Low-pressure laminating 
resins chart 
Machining 
Manufacturers of 
Molding compounds .... 
Premix molding 
Processing 
Properties chart .. 
Tooling, use in 
Vacuum metalizing 


PHOSPHORESCENT PIG- 
MENTS (See Luminescent 
Materials) 


PHTHALIC ACID RESINS 
(See Alkyd Resins) 


PHYSICAL PROPERTIES 
Properties chart .... facing 590 


PIGMENTS (See Color and 
Coloring) 


PIPES (See Tubes and Pipes) 


PLANING MACHINES 
Manufacturers of 


PLASTICIZERS 
Chemistry and manufacture 385 
Function of 
Polyvinyl chloride com- 
pounds 
Processing 
Types of 


PLASTICIZERS CHART .... 63 


PLASTICS, PRIMER OF 56 
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PLASTICS PROPERTIES 


COR ssosctvees facing 590 
PLASTICS TOOLING ......-. 796 
“nS ee 168 
PLASTISOLS 

er eer 176 
De SE, hic nd oie encase 804 
Manufacturers of .......... 1084 
Molding of ............. 804, 809 


Use with vinyl chloride 
SOE gence cena re ons 168, 
PLUNGER MOLDING .. 721, 724, 
726, 728 
POLYACRYLIC ESTERS 
(See Acrylics) 


POLYAMIDE RESINS (See 
Nylon) 


POLYCARBONATE RESINS 137 
pS ere 138 
Manufacture of ............ 137 
Mechanicals parts, use for .. 138 
POI HE ko oasis nts cices 137 
III ooo, 5 cccinre i nice 137 


POLYCHLOROTRIFLUORO- 
ETHYLENE (See Kel-F) 


POLYESTER RESINS (See 
also Alkyd Resins) ... 141, 567 


PI og kway diewnvnes 182 
Adhesives chart ............ 602 
ee eee 825 
CROMMSIEG OF co. cececcees 142 
Fabrication methods ....... 143 
| RA nr eet 450 
RINE sco cdeseceeeress 517 
Low-pressure laminating 

wesines Chart ....<.0ccecess 629 
Manufacturers of .......... 1084 


Potting and encapsulation of 
electrical components .... 811 


Premix molding ........ 143, 533 
Properties and uses ........ 143 
Properties chart .. facing 590 
Vacuum metalizing ........ 878 
POLYETHYLENE ....... 109, 568 
Applications of ......... 112, 215 
Bottles and tubes .......... 435 
I gnc git 114, 176 
Electrical insulation, use in 113 
Bortrusion Of 2... ..ccicccscs 768 
ee 115 
Film and sheeting .. 113, 448, 790 
yD re 597 


High-density ...... 
Injection molding 


111, 701, 772 
112, 696, 
700, 701, 718 


Laminates chart ........... 624 
Low-density ........... 110, 768 
_ See 885 
Manufacturers of .......... 1084 
Medium-density ......... 11, 700 
| .. 114, 768 


Properties chart 
Properties of Sa 
Thermoforming ............ 790 


Vacuum metalizing 


INDEX 


POLYINDENE (See Couma- 


rone-Indene Resins) 


POLYISOCYANATE (See Iso- 


cyanate) 


POLYMERS, VINYL (See 
Vinyl Polymers and Co- 
polymers) 


POLYMETHYLMETHACRY- 
LATE (See Acrylics) 


POLYPROPYLENE 


Characteristics ........0.00% 139 
PI noc eccccseccves 140 
Injection molding ....... 140, 704 
PIE og s 6.0'e ov oc sec ewes 140 

POLYSTYRENE (See Sty- 

rene) 

POLYSULFIDES ............ 162 
Adhesives chart ........... 602 
Coatings chart ............. 610 
Properties chart . facing 590 

POLYTERPENE RESINS .... 101 
Comlines Gnert ........00006%. 590 
Manufacturers of ...... 1084 

POLYTETRAFLUORO- 

ETHYLENE (See also 

BE oinicnnvios osatenects 116 
Contines chart ..........62+. 610 
Manufacturers of .......... 1084 
Processing methods ........ 116 
Properties and applications . 116 

POLY TRIFLUOROCHLORO- 

ETHYLENE (See Kel-F) 

POLYURETHANE 

ae 124, 145 
ee ee Tere 126 
CN as ieses 125, 176, 401 
Equipment for foaming ..... 987 
Foams .... 124, 145, 333, 362, 539 
Potting and encapsulation of 

electrical components .... 812 

POLYURETHANE RUBBERS 163 

POTTING AND ENCAPSU- 

LATION OF ELECTRI- 

CAL COMPONENTS .... 810 

POWER FACTOR (See Dissi- 

pation Factor) 

PREFORMING OF FIBROUS 

CY kan ew ieee 526 

PREFORMS AND PREFORM- 

ING 
ica tape ee 491 
Compression molding ...... 721, 

726, 727, 735 
Bominment for . ......ccas vcs 979 
Material characteristics .... 983 
WE oe cn ae eet 979 


PRIMER OF PLASTICS ..... 
PRINTING 
yp 
SIN oo ia thais:6-aieratienercetine 
SOE eaceecnacns 454, 455 


Laboratory tests 
Processes of 
Silk screen 
ror rere 
Surface printing 
Transfer 
Valley 


PROCESSING METHODS 
(See also specific mate- 
PIT Ona: iid a icsa'ae winch oie anaes wien 

PROPERTIES (See Properties 
Chart and specific mate- 
rials and properties) 


PROTEIN PLASTICS 
Adhesives chart 
RE eee rer re 
Fibers chart 
Zein 


PYROMETERS 
Manufacture of 


PYROXYLIN 
Nitrate) 


(See Cellulose 


REFRACTION, INDEX OF 
Properties of ....... facing 

REINFORCED PLASTICS ... 
I cates cole perce are aie 
Fauipment for ..... 00.600. 
Fibrous glass reinforcements 
Mold release agents 
Molding, autoclave 
Molding, DAG .......-.6+-¢. 
Molding, matched die 
WN En ive sieecavccends 
Molding, phenolic premix ... 
Molding, polyester premix .. 


REINFORCEMENTS (See 
Fillers, Laminates, and 
Reinforced Plastics) 


RESIN ASBESTOS COMPO- 
SITIONS (See Asbestos) 


RESINS (See specific mate- 
rials) 


RESINS AND MOLDING 
CORPO onsvcccccces 


RESINS FOR ADHESIVES .. 


RESINS FOR COATINGS ... 
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[ he traditional materials of con- 


struction have been metals (par- 
ticularly steel), wood, concrete, 
stone, and glass. These materials 
have long been used not only in 
large structures, such as buildings 
and bridges, but also in such 
furniture, 
appliances, 


smaller objects as 


housewares, autos, 
tools, and toys. 

During the last quarter cen- 
tury, plastics of many kinds have 
gained increasing recognition as 
engineering materials. However, 
some serious misapplications oc- 
curred because product designers 
did not appreciate the great dif- 
ferences between plastics and the 
traditional materials, differences 
as important as the differences 
between woods and metals. Origi- 
nally, looked upon 
substitutes for the 
other materials and often failed 


designers 


plastics as 


to take advantage of plastics’ su- 
perior fabricability. Today it is 
recognized that the individual 
plastics, like top-grade white pine 
and 410 stainless steel, are all 
unique materials. However, as a 
class, they have some character- 
istics in common. We shall at- 
tempt here to outline how these 
should be 
sidered in the design of plastics 
products. 


characteristics con- 


Three kinds of plastics 

Organic plastics are divided into 
two principal classes—those that 
can be melted by 
(thermoplastics) and 


repeatedly 
heating 
those that set up permanently 
once heat is applied (thermosets). 
Most of the thermosets and a 
few of the thermoplastics are 
available with glass-fiber rein- 


forcement. The glass-reinforced 


Refere es were repared | the editor 


20 


Designing With Plastics 





plastics are stronger and more 
rigid than the base resins. For 
applications, plasticizers 
may be added to reduce rigidity 
and increase stretchability, even 
to the point of rubberiness or 
limpness. For most applications, 
however, some rigidity is needed, 
and the rigid plastics fall into the 
three general classes: thermo- 
plastic, thermosetting, and glass- 
reinforced. It is worth noting right 
at the start that not even the 
reinforced plastics can approach 
the steels in modulus of elasticity, 
though they are about equal to 
mild steel in strength. Since high 
modulus is perhaps the most im- 
portant property for a material 
to be used in large structures, 
such as building frameworks, 
steel is not likely to be super- 
seded by plastics for this purpose 
except where weight is an im- 


some 


portant consideration, as in air- 
frame and missile construction. 


General design approach 


In choosing a material of con- 
struction for an item to be manu- 
factured, a good way to begin is 
to make a list of the expectations 
that the item must fulfill, includ- 
ing an estimated top limit on unit 
cost, time available to get it into 
production, and any limitations 
that may be imposed on the 
manufacturing process. 

Such a list might be made up 
of the answers to questions such 
What types, amounts, 
and combinations of loads will be 
applied? Will the part have to 
withstand impact loads? How long 
is it expected to last in service? 
Must it feel pleasant to the touch? 
Are there space or weight limi- 
tations? Over what ranges of 
exposure to temperature, humid- 


as these: 
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ity, and concentration of solvents 
and chemicals does it have to 
perform? Will it be exposed to 
sunlight? What electrical condi- 
tions will it have to meet? Will 
it have to conduct heat or provide 
insulation from it? Will it be sub- 
ject to abrasive action? Must the 
part slip freely on adjacent work- 
ing surface? How much can be 
spent to make the item? How 
soon must it be in production and 
in what quantities? Is the choice 
of manufacturing methods limited 
to present plant equipment? Are 
threaded holes or projections re- 
quired? Is there a noise problem? 
Should the part be specially deco- 
rated or finished? And so on. 
Ideally, a material should be 
chosen that will give a highly 
satisfactory product at the lowest 
over-all unit cost. “Highly satis- 
factory,” of course, takes in all 
the performance aspects, and 
there is a constant temptation to 
compromise on performance to 
reduce costs. Some compromise 
is usually made; the trick is to 
make the compromise at such a 
level that the production-and- 
selling-costs savings will not be 
overbalanced by costs of repairs, 
replacements, and loss of good 
will and business volume due to 
defects in performance. In this 
connection, it is good to have a 
realistic idea of the expected 
service life of the item. Unfor- 
tunately, there is not much data 
available on the durability of 
plastics. Some was collected in 
“Technical Data on Plastics” (see 
References on p. 26). 


Rigidity 
Rigidity is the 
structure to 
under load. 


ability of a 
resist deformation 
This property of 








PARTS THAT FIT OTHERS 


1. Allowances should be made in the fit of a cover and base 
for possible after-shrinkage or swelling, differences in ma- 
terial, warpage, accidental mold nicks, and burrs 


2. Warpage or unevenness in bases can be corrected by 
3-point suspension or by sanding flat a narrow supporting 
edge. 


3. Molded plastics are well suited to incorporation of bosses 
and lugs for locating and anchoring components. 


4. Provision in the part design for mold wear, accidental 
nicks, dents, flash burrs, and dirt accumulation in the mold 
can be made by adding clearance grooves. 





DIMENSIONS AND TOLERANCES 


1. Tolerance of a part dimension made in a fixed mold 
length is dependent on the shrinkage variation of the 
molding material, and is usually +0.005 in. per inch. 


2. A molded part measurement across the mold parting 
plane must have an additional allowance of 2-15 mils 
for flash thickness. 

3. Dimensions or concentricities dependent on surfaces 
formed in different movable mold sections require an 
additional allowance of +0.006 in. for misalignment. 


4. Tolerances must include the necessary mold machin- 
ing tolerances and allowance for mold wear. 
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LINE 






























INSERTS 


1. Many types of inserts are available to provide screw and 
rivet anchorages, bearings, guides, contact strips, etc.; 


many labor-saving combinations are possible. 


2. Inserts extending through a molded part must include 
height allowance for flash build-up and should extend 
above flush. 


3. Large, smooth-topped inserts located near a molded sur- 
face may cause a shadow or bulge on that surface. 


4. Inserts in a boss should be well covered and should ex- 
tend their anchorage into the base beyond the junction of 
the boss. 






) 





ADDED STRENGTH 


1. Beaded rims give added impact strength to thin edges. 
2. Use fillets and radii to round out sharp corners. 


3. Projecting tabs or delicate sections can be reinforced 
with inserts of a tougher plastic than that of which the 
part itself is molded. 


4. Gating and knit lines of thermoplastics and shrinkage 
stresses of thermosetting materials must be watched care- 
fully on this type of part. 

















THIN, UNIFORM SECTIONS 
1. When heavy sections are required, both material and 
molding time can be saved by coring out the 


sections 
wherever possible. 


2. Even sections can be maintained and strengthened with 


trough-shaped ribs. 


3. Thin uniform wall construction contributes to even flow, 


speeds both cures and cooling, and minimizes stress con- 
centrations. 


4. Spaced corner ribs contribute strength and allow 
creases in wall thickness. 


de- 





APPEARANCE 


1. Large, unbroken areas can be molded with decorative 
textures or designs which will hide small blemishes. 


2. Slight doming of a thin-walled cover will greatly im- 


prove its crushing strength and will avoid the difficulties 
encountered in molding a plane surface. 
3. Bosses or other changes in thickness will show through 


a translucent part and may cause sink marks to show in 
an injection molded part. 


4. Choice of surface decoration should be tempered by con- 
sideration of the use of the part; areas which would catch 
dirt, soap, or lipstick should be avoided. 
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EASE OF MOLD MACHINING 


1. Letters of the type shown are most readily achieved by 
machining them in the mold cavity. 


2. Bosses or recesses should be designed so provision for 
them can be made in the mold with standard end mills; 
holes and pins should be adapted to standard machining 
practice. 


3. Design for mold construction should consider the mold 
maker’s tools and sequence of operations. 


4. Rounded corners on part outline eliminate the necessity 
of forming difficult square corners in the mold cavity. 





EASE OF CLEANING 


1. Transfer sprues can be designed to bi eak inside the part 
or to clean easily by milling or grinding. 


2. Fluted or irregular edges should not carry to the parting 
line, as this would make cleaning more difficult. 


3. Shapes may be modified to facilitate cleaning; shallow, 
round parts can be readily spindled of burrs. 


4. Knockout pins or movable wedges will leave compound 
burrs which may require cleaning. 
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structures depends on the design 
and size of the structure and is 
also directly proportional to the 
modulus of elasticity of the ma- 
terial from which it is made. For 
most “rigid” plastics this prop- 
erty lies in the range from 0.1 to 
1 million p.s.i. Some glass lami- 
nates achieve moduli over 5 mil- 
lion p.s.i. (the modulus of glass 
is about 10 million). By com- 
parison, the moduli of most steels 
are close to 30 million; of alumi- 
num, 10 million p.s.i.; for most 
woods, between 1 and 2 million. 
Thus, in rigidity, the plastics are 
most comparable to the woods. 

There are few structures likely 
to be made of plastics in which 
pure tensile rigidity—i.e., resist- 
ance to deformation in the di- 
rection of a lengthwise pull on 
a structural member—is needed. 
Transverse bending loads are 
much more common. This is one 
reason why data on flexural mod- 
uli and strength are sometimes 
available for plastics when 
straight tensile data are not. The 
rigidity of a structure in bending 
—a beam, for example—depends 
not only on the material modulus, 
but is also proportional to the 
real moment of inertia of the 
cross section of the beam. For 
beams of similar cross section, 
this quantity varies approxi- 
mately as the cube of the depth 
of the section and directly as the 
width. 

To equal the rigidity of a 
square steel bar, a _ reinforced 
polyester square bar would have 
to be only 60% larger, would 
weigh only half as much as the 
steel beam, but would cost con- 
siderably more. The working 
loads in bending would be about 
the same for the two beams. 

Similar considerations apply to 
flat panels. However, in extrud- 
ing thermoplastic sheet, or mold- 
ing reinforced polyester sheet, it 
is almost as easy to make corru- 
gated panels as to make flat ones. 
and the corrugations greatly in- 
crease the rigidity. Ribs can be 
used in the same way. 

Plus factors of plastics 

Whereas in rigidity the plastics 
are surpassed by structural met- 
als, they offer many interesting 
properties that make them espe- 
cially suited to certain uses. For 
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example, if the piece to be de- 
signed is not simply a sheet, and 
must be transparent and impact- 
resistant, nothing but one of the 
transparent plastics will fill the 
bill. 

Many plastics offer exceptional 
resistance to inorganic reagents, 
even strong acids and bases, sa- 
line solutions, and the like. Even 
very dilute hydrochloric acid will 
rapidly attack steel and aluminum 
at room temperature, but will 
leave most plastics 
The fluorocarbon espe- 
cially, are noted for their inert- 
ness. 


unharmed. 
resins, 


Some plastics, such as the nylon 
family, have such low coefficients 
of friction and good surface-wear 
characteristics in contact with 
many other materials that they 
can operate in rubbing friction 
without lubrication. 

The fatigue resistance of many 
plastics, in terms of retention of 
strength under repeated loading 
and unloading, is high and is less 
erratic than with metals. In leaf 
springs, for example, glass-rein- 
forced epoxies have demonstrated 
longer life in service than steel 
springs of equal strength. Simi- 
larly, the reinforced plastics seem 
to be less subject than steels to 
deterioration of strength through 
notch effects. 


Creep 


A serious consideration in the 
design of plastics products is the 
tendency of plastics to creep 
under load, even at room temper- 
ature. Where the part being de- 
signed must support a constant 
load, allowance has to be made 
for creep. The most practical way 
of handling this problem is the 
“apparent modulus” method. It 
has been found that over long 
periods of application of load, 
most plastics fail at lower stresses 
than are required to break them 
in short-time tests. On an increas- 
ing number of materials, data are 
becoming available in periodical 
and company literature showing 
the stress at rupture and elonga- 
tion at rupture versus time in 
service. If, for a given test, the 
stress is divided by the elonga- 
tion, an “apparent modulus” for 
that time-to-failure is obtained. 
A plot of apparent modulus ver- 
sus time-to-failure, the result of 


a number of such tests, can be 
used in determining the working 
load appropriate to any desired 
service life. Where the load is 
applied intermittently, only the 
time actually under load should 
be used in finding the apparent 
modulus. Once the life under load 
is established and the appropriate 
apparent modulus read from the 
curve, the design procedure is 
quite standard. 


Outdoor exposure 

Many articles of commerce are 
expected to last for years out- 
Different 
subject to more or less serious 


doors. materials are 
deterioration from corrosion, ero- 
sion and abrasion, ultra-violet 
action, and action of fungi, in- 
sects, and rodents. 

The chief weakness of most 
plastics is their tendency to lose 
strength and toughness and to 
discolor on continued exposure to 
sunlight. A small percentage of 
carbon black provides protection 
against ultra-violet effects for 
most plastics, but its blackness is 
a heavy penalty, esthetically. 
Most other dark pigments pro- 
vide some protection, too, and 
many invisible additives that ab- 
sorb UV 


tried 


radiation have been 


with varying degrees of 
success. However, none are as 
effective as finely divided, well 
dispersed black. A few plastics, 
notably polymethyl methacrylate, 
are virtually immune to UV ef- 
fects without special additives. 
Some of the polyester-glass lami- 
nates hold up well strengthwise, 
but gradually yellow after long 
exposure. 

Most plastics survive well un- 
derground and in salt water. If 
glass-reinforced, low-pressure 
laminates are to be buried or 
immersed in water, the exposed 
surfaces should be thoroughly 
gel-coated to avoid infiltration of 
water along the resin-glass in- 
terfaces. Many plastics are re- 
sistant to fungi, but there is little 
published data on the subject. 
Insects and rodents seldom attack 
plastics, and seem to derive no 
nourishment from them. 

High temperature 

Several reinforced thermosets 
will stand continuous service at 
temperatures of about 500° F. 


23 























Tetrafluoroethylene (TFE) resin 
is the only thermoplastic useful 
at this temperature, and then only 
in applications where it is not 
stressed appreciably. As the serv- 
ice temperature drops, more and 
more materials become eligible 
for consideration. For applications 
in which occasional stress is to be 
borne by the plastic, the heat- 
distortion temperature, as meas- 
ured by A.S.T.M. test D-648, is 
a fair measure of the upper work- 
ing limit of temperature. Where 
steady loads must be borne, the 
apparent-modulus method dis- 
cussed under “Creep” is the only 
reliable approach. 

Recently, some of the thermo- 
setting resins, phenolics espe- 
cially, have been found useful for 
short-term service at extremely 
high temperatures—5000° F. and 
higher. These temperatures occur 
in jet-engine compressors, high- 
speed aircraft skins, and missile 
noses during re-entry into the 
lower atmosphere from high alti- 
tudes at high speeds. 

In the compressor blades, the 
combination of high strength 
(distributable where most needed 
by apportionment and direction 
of reinforcement), low weight, 
low cost, and good resistance to 
oxidation makes reinforced phe- 
nolic more attractive than metals, 
even titanium alloys. 

In missile nose-cones, the prob- 
lem is one of protecting the in- 
nards of the missile from fantastic 
temperatures for about a dozen 
seconds. Perhaps the most im- 
portant factors here are the low 
thermal conductivity and excel- 
lent resistance to thermal shock 
of the silica-fiber-reinforced phe- 
nolics. TFE resin, also, has dem- 
onstrated a useful, though short, 
working life as an electrical insu- 
lating material in missile appa- 
ratus. 


Electrical properties 

Nearly all plastics, when dry, 
have high electrical resistivities, 
though special formulations have 
been developed that actually con- 
duct useful amounts of current. 
Many maintain their high resis- 
tivity after long immersion in 
water—the _ silicone-polystyrene 
alloys are excellent in this re- 
spect. 

Most workaday insulation re- 
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quires a combination of proper- 
ties, eg. high resistivity and 
dimensional stability at moder- 
ately high temperatures. Dielec- 
tric strength, also, is important 
since this determines the mini- 
mum thickness of insulation be- 
tween adjacent conductors at dif- 
ferent potentials. 

For insulation of high-frequen- 
cy equipment, the power factor, 
which governs the amount of heat 
generated in the insulation by the 
rapid reversal of the electric field, 
is important. Polyethylene, TFE 
resin, and polystyrene have ex- 
ceptionally low power factors. 
However, this same property be- 
comes a drawback for heat seal- 
ing. Electronic heat sealing, the 
most efficient method of joining 
films, makes use of the power 
factor to generate heat that soft- 
ens the plastic. The three resins 
just mentioned cannot be sealed 
this way. 

Dielectric constant, a measure 
of a material’s usefulness as the 
insulating element in a capacitor, 
is also important in applications 
involving capacitance. The ori- 
ented polyester films, which com- 
bine high dielectric constant, high 
dielectric strength, and high serv- 
ice temperature, have been very 
successful in this field. 

Arc resistance, also, is an im- 
portant factor in switchgear, etc. 

Wire insulation presents spe- 
cial problems. In addition to hav- 
ing high resistivity and high di- 
electric strength at some tem- 
perature usually above room 
temperature, some wire coverings 
must resist abrasion, immersion, 
sunlight, fire, and/or must remain 
flexible at subzero temperatures. 
Some are exposed to gasoline, 
oils, and greases. It is not uncom- 
mon for wire to be coated with 
successive layers of two different 
materials, e.g., polyethylene and 
then nylon. (Two-component pipe 
and tubing have also been made 
to meet special requirements.) 
The point here is that electrical 
applications of plastics usually 
involve important structural and 
environmental considerations, in 
addition to the electrical ones. 


Optical aspects 


A number of plastics are noted 
for their transparency and among 
these the acrylic resins are out- 


standing. Acrylics (and some 
others) possess the ability to 
“pipe” light—to transmit it 
through tubing, around bends, 
and along edges for considerable 
distances with little loss of inten- 
sity. Some techniques for making 
use of these charactertistics are 
presented in detail in “Design- 
ing With Plastics: Light behav- 
ior and transparent plastics,” p. 
27. Where the transparent mem- 
ber must be a thermoset, allyl 
carbonate casting resin is highly 
transparent and colorless, and has 
the most scratch-resistant surface 
of all the commercial transparent 
plastics. 

The transparent plastics are 
easily made translucent, either by 
addition of appropriate amounts 
of pigments or by special surface 
texturing. 

Many plastics, particularly the 
thermoplastics, are lusciously col- 
orable. Polystyrene and cellulose 
acetate are available in thousands 
of different hues and_ shades, 
clears, translucents, and opaques. 
Acrylics also are obtainable in 
many colors, and, of course, the 
molder can easily incorporate 
pigments into virgin resins to get 
whatever color effects the job 
calls for. Mottled and marbled ef- 
fects, pearls, and metallic fleck- 
ing are all possible. 


Decorating 


Most plastics can be decorated 
by the usual methods: painting, 
printing, metalizing, applying de- 
cals, embossing, stamping, and ad- 
hesive labeling. Metalizing usually 
requires special preparation of the 
plastic surface with lacquer and 
a second coating is usually ap- 
plied afterwards for protection. A 
few resins, such as polyethylene 
and TFE, require special treat- 
ments of the plastics surfaces 
prior to decorating. Sheet mate- 
rials can be given special deco- 
rative effects by working with 
laminates. 


Esthetics 


Engineers are frequently so 
concerned with function that they 
overlook or refuse to grant the im- 
portance of esthetic considerations 
in design. Industrial designers, 
absorbed in creating a good- 
looking product, are apt to short- 
change the engineering require- 
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RADII AND FILLETS 


1. Specification of corner radii results in a more easily ma- 
chined mold cavity and a stronger molded part. 






2. Molded bosses and tabs should have generous radii, es- 
pecially at their bases, for added strength. 


3. Radii and fillets prevent high concentrations of stress 
due to shrinkage strains and sharp corners. 


4. Cutoff corners (or flash line) should be left square and 
sharp to avoid need for extra machining of the mold. 


MOLDED HOLES 


1. In compression molds, pins forming blind holes should 
be at least as stout as shown here; in transfer or injection 
molds, they may be more slender. 

2. Holes for flat head screws should be slightly recessed 
and should not butt at the base of the head. 

3. One of a pair of butting pins should be approximately 


0.020 inch larger than the other to allow for molding mis- 
alignment. 


4. Intersecting holes can be molded if necessary, but may 
be easier to machine. If they are molded, transfer or in- 
jection molding is recommended. 





BOSSES, BARRIERS, RIBS 


1. Molded ribs give added support to molded parts. Ribs 
should have 5-10° taper and should be well radiused. 


2. Molded barriers for mechanical and electrical insulation 
may be thinner and higher than ribs, but should be well 
tapered and filleted. 


3. Design of bosses should emphasize good proportions, 
radii at base and ease of machining mold. 


4. Use of bosses and ribs, especially on injection molded 
? ~ 

parts, may cause shadows or sink marks to show through 

on the opposite surface. 





DRAW 


1. Recessed grooves formed in the cavity and projecting 
ribs formed on the force must extend to the end of the 
draw. 


2. A side opening can be formed without an undercut by 
molding grooves on the inside and outside of the part ad- 
jacent to each other to form the desired opening. 


3. Practically any type of undercut can be formed in a 
molded part, but always at an increased cost. 


4. Molded parts should be allowed a taper of !2-3° to fa- 
cilitate removal from the mold. 
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ments. A good balance is best. in 
all consumer products, and even 
many industrial products, the 
visual and tactile impression the 
product makes may greatly in- 
fluence its success. The questions 
of how to make the product look 
good and feel good are there- 
fore worthy of the same order 
of effort that goes into its 
functional design. Designers in 
plastics are fortunate in that most 
plastics objects are made _ by 
molding, and during the molding 
process the plastic is made to 
flow. The lines of flow are often 
themselves very beautiful and 
clean, and, with these materials, 
easy to incorporate into the de- 
sign. 


Production aspects 

If a product is to be made eco- 
nomically, the designer must keep 
in mind the possible methods by 
which it might be produced com- 
mercially. If section thicknesses 
are all about the same, corners 
not sharp, and dimensional toler- 
ances liberal, sheet thermoform- 
ing is a likely candidate. 

Where higher precision is re- 
quired, or where very large vol- 
ume is required on a small item, 
or depth of draw is extreme, in- 
jection (or compression) molding 
may be indicated. (With proper 
attention to mold engineering and 
process operation, both these 
processes can yield higher preci- 
sion than is now expected of 
them.) 

In molding, the best products 
result if they are shaped to follow 
the flow lines, and a number of 
suggestions for the design of prod- 
ucts are illustrated in the dia- 
grams, pgs. 21, 22, and 25. Round- 
ing of corners alleviates stress 
concentrations; gradual _ rather 
than abrupt changes in section 
thickness and _ flow direction 
make for more even filling of 
the mold and greater over-all 
strength. If possible, gates in mold 
cavities should be placed at those 
parts of the product where 
strength is least important; the 
Same goes for weld lines, where 
they cannot be avoided. In molded 
and formed products, undercuts 
should be avoided unless the 
greater expense of more complex 
tooling and (probably) longer 
cycle associated with molding of 
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undercut objects is allowed for 
and is acceptable. If possible, the 
molding operation should produce 
a finished piece. Proper design 
will minimize finishing and as- 
sembling operations. Finally, 
since the cost of the material is 
usually the major item of cost 
in a molded piece, the designer 
should use his knowledge of the 
characteristics of structures to 
reduce the amount of material to 
what is absolutely necessary for 
performance and moldability. 

Where extremely high precision 
is desired, or where the piece 
must have very sharp corners and 
surface intersections, it may be 
economical to machine the piece 
from rod or bar stock. Many flat 
industrial parts are made by 
punching them from sheet, much 
as sheet metal is punched. 

Billfolds and similar products 
are fabricated from multiple 
layers of sheeting, mostly vinyl 
sheeting, by heat-sealing. With 
electronic heat-sealing equipment 
of the right design, it is almost 
as easy to seal six layers in one 
pass as it is to seal two. 

If only a few hundred pieces 
are required, it may be much 
more economical to cast them 
from one of the castable resins 
than it would be to mold them. 
Almost any shape that can be 
molded can be cast; with flexible 
molds, it is possible to cast many 
shapes that are difficult or im- 
possible to mold. Prototypes are 
made by whatever seems to be 
the easiest way—casting, machin- 
ing, carving, etc. 


Preliminary evaluation 


With products of any complex- 
ity, it is difficult, in the present 
state of the science of structural 
analysis, to calculate beforehand 
just how well a given design will 
withstand the rigors of service. 
(It is often hard to calculate the 
likely loads, let alone their effects 
on the piece.) In such cases, it 
is wise, before investing in ex- 
pensive tooling for large-scale 
injecticn molding, to make a small 
lot of pieces—say from 10 to sev- 
eral hundred—and subject them 
to field testing. Usually the results 
and comments arising from such 
tests will suggest modifications of 
the design. 

In judging such tests, one must 


keep in mind that a machine or 
cast prototype is not identical 
with a molded piece made of the 
same resin and having the same 
dimensions. The twain can differ 
considerably in surface charac- 
teristics, strength, impact resist- 
ance, rigidity, and other proper- 
ties. The major resin suppliers 
have had experience with these 
differences and will be glad to 
help. 
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BY ALFRED M. BLUMENFELD* and STANLEY E. JONES* 


Neither edge lighting of transpar- 
ent flat plastic sheets nor the con- 
cept of piping light through trans- 
parent plastics rods of gently 
curving bends is new. 

In recent years, however, there 
has been considerably increased 
interest in the challenging subject 
of the behavior of light passing 
through transparent plastics. This 
interest has been primarily a re- 
sult of the volume growth of ap- 
plications involving transparent 
plastics. Today, the use of intri- 
cately shaped dials, knobs, push- 
buttons, jewel lights, etc., in the 
field of engineered controls is in 
constant demand. To meet it, de- 
signers and engineers in the auto- 
mobile, appliance, radio, televi- 
sion, and business machine fields, 
as well as designers of military 
vehicles, radar equipment, and 
missile guidance and tracking de- 
vices, have had to turn their re- 
search efforts toward a study of 
transparent plastics’ 
light behavior. 

This article is intended to offer 
an understanding of the funda- 
mentals of this complex subject, 
with particular emphasis on the 
conservation of available light and 
the reduction of annoying stray 
light and glare. To illustrate these 
fundamentals, a 


effects on 


special device 
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was constructed to permit the ac- 
companying photographs to be 
made of light rays as they reflect, 
refract, and emerge from or scat- 
ter inside and outside of typical 
cross-sections of acrylic plastic. 
Since the possible variations are 
infinite, this presentation will be 
confined to those cross-sections 
most commonly used in industry. 
It should be noted that no attempt 
is made in this article to discuss 


lenses, color change, message 
change, symbols, molding theory, 
light sources, or designing speci- 
fically for bright surroundings as 
opposed to blacked out surround- 
ings. 

In studying the accompanying 
photographs, a slight glow may be 
throughout of the 
parts; in cases, a halo 
around the periphery will be ob- 
served. These are side effects of 


seen many 


some 


Fig. 1: Light behavior in flat dials with polished square edges 
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Fig. 2: Piping light around a radius. Illustration on right shows 
what is considered to be the useful minimum radius. This is ex- 
pressed as “outside radius equals 3 times the thickness of the part” 


the tracking technique employed 

a technique that requires 
abrading the rear surface of the 
samples. These manifestations 
may be ignored since they are, 
like the light rays themselves, 
invisible in polished transparent 
parts. 


Light entry and reflection 
Whenever light rays fall upon 
a polished transparent surface, 
there is always both penetration 
and reflection. It can be seen in 


Fig. 3: Light piping around 
a square corner 





the accompanying photographs 
that the reflection losses involved 
are slight from incident ray an- 
gles of 0° (perpendicular to the 
surface or “normal’’) to about 60° 
from the normal. Those that fall 
from 60° to almost 90° (parallel to 
the surface) tend to have medium 
to very high reflection losses, and 
such incident ray angles should be 
avoided if it is at all possible 
or practical to do so. 


Refraction 

Figure 1, p. 27 shows two con- 
ditions of light behavior in flat 
dials or windows with polished 
square edges. 

The light source is the lamp at 
the top of photo. 

On the left hand side of the 
photograph, it can be observed 
that any light entering through a 
square-cut edge is bent by refrac- 
tion and that it is internally re- 
flected between the two polished 
parallel sides until it strikes the 
opposite edge and emerges. This 
is always the case, regardless of 
ray angle on the entering edge, 
and explains why edge-lighted 
flat dials of this type never give 
off bothersome glare or stray light 
rays. 

The right hand side of Fig. 1 
shows light (or a sight line) pass- 
ing through a window or dial 
cover. Note the refraction and the 





fact that the emerging ray is par- 
allel to the entering ray, but 
slightly offset. 


Piping around a radius 

There is a popular misconcep- 
tion that light can be piped with- 
out loss by simply rounding a cor- 
ner. The left hand side of Fig. 2, 
left, clearly shows that when- 
ever a ray in acrylic strikes an 
air interface at less than 42° from 
the normal it will escape in the 
form of stray light. 

The right hand side shows what 
is considered the useful mini- 
mum radius, although even here 
some stray ray losses are experi- 
enced. This useful minimum is 
expressed as “outside radius 
equals 3 times the thickness of the 
part.” 


Piping around a square corner 


Although it takes less space 
than a radius, a 45° polished facet 
on a 90° corner bend will gener- 
ally lose more light than a curved 
section. Figure 3, below, shows 
that a perfectly collimated ray 
will be totally reflected from the 
45° polished facet since 45° ex- 
ceeds the critical 42° from the 
normal, mentioned above. How- 
ever, the left hand side of Fig. 4, p. 
29, shows what happens to rays 
that are not all parallel. Some por- 
tions penetrate the 45° facet and 
some jump across and escape from 
the front of the dial. 

On the right hand side of Fig. 
4, the light pipe has been split 
from the dial face, eliminating the 
escape out the front of the dial. 


Practical application 


Since it is usually difficult to 
locate lamps in the plane of a flat 
dial, as in Fig. 1, it is necessary 
to provide for a curved or angu- 
lar lead-in section, as in Figs. 2, 
3, and 4. 

When designing a dial to be 
mounted in a vertical plane, use 
the curved lead only from the top 
edge, never from the bottom. 
Curved leads from the sides may 
be used only if all curved por- 
tions are concealed by bezels or 
the panel front. 

If the dial lies in a horizontal 
plane, use the curved lead from 
the edge nearest the operator 
only, or from the sides, subject 
to the same conditions as above. 
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Observation of the above pre- 
cepts will keep stray light and 
glare away from the operator’s 
eyes. 

When space limitations between 
adjacent dials prevent the use of 
generous curved lead-ins, use a 
90° or more angular lead with a 
polished facet that is equi-angular 
to both planes (perpendicular to 
the angle bisector). 

Here again, the lighting should 
be from the top or sides in pref- 
erence to the bottom in a vertical 
plane, and from the near edge or 
sides in a horizontal plane. Carry 
the bezel in far enough to conceal 
the facet, plus a border area 
around the front plane equal in 
width to the thickness of the plas- 
tic material. 

In those few critical cases where 
the dial marking diameter must 
be close to the over-all width of 
the assembly, as in hermetically 
sealed aircraft instruments, split 
the lead from the dial as in Fig. 
4, right hand side. The bezel then 
need only cover the facet and the 
small air gap. 


General rules 

In every instance, we have pre- 
sumed the use of flat surfaces or 
orderly curves, well polished and 
in intimate contact with air. These 
factors are important. Parallel 
surfaces are essential to assure 
predictable behavior. Dial mark- 
ings are created by eliminating 
flatness, polish, or air contact 
through roughing the surface, en- 
graving characters, and/or paint- 
ing. This should be done on the 
back surface. Indiscriminate ap- 
plication of dark background col- 
ors to the surface should be 
avoided, as they will absorb light 
and markedly reduce light piping 
efficiency. 

Edges other than the light- 
entering edge may be painted 
white for conservation of light as 
well as for more uniform distri- 
bution. When this is done, the 
bezel should extend in from the 
edges at least an equivalent of 
the part’s thickness. 

Painting, roughing, or engrav- 
ing too great a portion of a use- 
able surface seriously reduces 
lighting efficiency and uniformity. 

Light in translucent parts does 
not behave as described above, 
since haze, color, and pigment 
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Fig. 4: Piping around a square corner. Left hand side shows what 
happens to rays that are not all parallel; on right, light pipe has 


been split from the dial face 


particles drastically change light 
ray behavior. Very low levels of 
translucency are sometimes used, 
however, for specific problems. 
Thin translucent parts should be 
back-lighted only. They offer su- 
perior performance to edge light- 
ing for daylight applications. 


Wedge lighting 

illustrates a 
relatively new twist on an old op- 
tical principle. 

When the front and rear sur- 
faces of a dial or panel are con- 
verging planes rather than par- 
allel, and light is caused to enter 
the thicker edge, preferably lo- 
cated at the top, an interesting 
phenomenon takes place. After a 
few internal rebounds, some of the 
light rays begin to escape at an- 
gles very close to the surfaces. 

These stray rays may be uti- 
lized to illuminate conventional 
opaque dial faces located behind 
the transparent wedge. This tech- 
nique is especially useful for il- 
luminating complex dial 
with multiple pointer systems, 
counter-drums (like automobile 
mileage indicators), moving tape 
indicia, etc. 

Surfaces must be well polished 
and of nearly optical flatness. All 
stray light is directed downward 
and although half of it is lost from 
the front surface, this can be ac- 


Figure 5, right, 


faces 


cepted. The optimum angles of 
wedge convergence seem to be 
around 2°, although there may 
be more latitude in special cases 
Wedges may be integrated as 
segments of larger dials into oth- 
parallel They 
may also incorporate edge-lighted 
indicia on their back surfaces. 
Thus, the principles outlined 
above should help designers bet- 


erwise surfaces. 


ter understand edge lighting. 


Fig. 5: Wedge lighting 
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COST ESTIMATING: Injection molding 





BY WILLIAM H. NUSSBAUM* 


Among the most important cal- 
culations that will ever be made, 
especially in a custom shop, are 
those used in developing the fac- 
tory cost estimate. To reach this 
figure, it is necessary to gather 
together all of the elements (ma- 
terial, labor, overhead, 
etc.) that go into creating the 
product—all of the elements that 
management is going to pay for 
out of its own pocket—in other 
words, the costs of production or 
the costs that must be passed on 
to the customer as part of the 
selling price. Should any of these 
costs be inadvertently omitted 
from the estimate or included at 
a figure lower than actual out-of- 


factory 
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pocket costs, that money will be 
lost forever. 

Estimating should be divided 
into two separate and distinct 
parts: 1) engineering and 2) cost- 
ing. 


The estimating department 
What constitutes a good esti- 
mating department? One prere- 
quisite that may help is that the 
estimator has had sufficient engi- 
neering training to enable him to 
visualize the finished product 
from the most complicated blue- 
print. The estimator should also 
be of the type that will habitually 
record in logical sequence all of 
the calculations necessary to ar- 
rive at measurements of volume, 
time, weight, etc., and he should 


be prepared to work closely with 
other company departments. 
Where possible, an estimating de- 
partment should have a second 
man whose prime function it is to 
double-check the estimator as to 
interpretation of the blueprint 
and as to all mathematical calcu- 
lations. There should be a third 
person in estimating whose duty 
it is to convert the weights and 
the hours into dollars and cents, 
to record them in sequence on a 
Factory Cost Estimate, and to act 
as liaison between estimating and 
cost accounting. His work also 
should be checked by the second 
man. 


Methods of manufacture 

Before we proceed to the me- 
chanics of estimating, it should be 
understood that the underlying 
principles are basic to all esti- 
mates regardless of the manufac- 
turing methods used to produce 
the finished product and regard- 
less also of whether operations 
are conducted on a custom or pro- 
prietary basis. The first phase of 


Fig. 1: (far left): Engineering scratch sheet for cost estimating. Fig. 2: A 3-page form (below, right, and the 
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timating has to do with the en- 

neering aspects of the estimate 

id deals in pounds, pieces, hours, 
feet, yards, etc.; the second phase 
leals with converting these meas- 
irements into dollars. This is true 
no matter how the product is 
! 1ade. 

The first phase of the estimate 
is called the “Manufacturing 
Specifications.” These manufac- 
turing specifications will be tai- 
lored so as to encompass all of 
the factors inherent in, and pecu- 
liar to, the particular method of 
manufacture, and which factors 
are likely to result in the outlay 
of money, directly or indirectly. 
For example, in injection molding, 
we deal primarily with thermo- 
plastic materials. Very often, the 
scrap generated in the production 
of a part can be used over again 
and, because of this, any credit 
accruing from salvaged scrap may 
be passed on to the customer. This 
being so, provision is made in the 
manufacturing specifications for 
this scrap credit. On the other 
hand, in compression molding, 


two pages below) illustrates 


thermosetting materials are usu- 
ally used and the scrap, of course, 
can not be salvaged. 

Each of the other methods of 
manufacture, e.g., extrusion, vac- 
uum forming, laminating, etc., has 
its own peculiarities which must 
be taken into account in making 
up a set of manufacturing speci- 
fications. 

Because injection molding con- 
stitutes by far the greater segment 
of the molding phase of the in- 
dustry, we will illustrate the 
mechanics of estimating by using 
manufacturing specifications de- 
signed for the injection molder. 
These forms were initially de- 
signed by the Accounting Com- 
mittee of the Society for the Plas- 
tics Industry and are reproduced 
as suggested forms in the Uniform 
Accounting Manual published by 
the SPI. The forms used in this 
article have been developed from 
the forms suggested in the 
Manual. 

Figure 1, below, illustrates what 
has been called the “Engineering 


Scratch Sheet.” This sheet pro- 


the manufacturing specifications as related to 
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vides an orderly record of the 
dimensions of the part as laid 
down on the blueprint or 
actual measurements of a model. 
It indicates, also, the mathemati- 
cal calculations necessary to ar- 


from 


rive at the projected area and 
volume of the part. The former 
figure is necessary in determining 
the size of the mold, the number 
of cavities desirable, and the type 
and size of press to be used. The 
cubical contents are necessary, of 
course, in order to determine the 
weight of molding powder neces- 
sary to produce the part. 

Figure 2, below, illustrates the 
manufacturing specifications re- 
lating to material and direct labor. 
Lines 1 through 18 present in 
orderly sequence the steps that 
must be taken by every estimator 
to develop the total weight of 
molding material required to mold 
the number of pieces indicated on 
line (e). Since the computations 
necessary to accomplish this are 
also given, any clerk can check 
the accuracy of the figures. 

Lines 21 through 24 provide for 


material and direct labor 













































































































































































Fig. 3: Form to be used in factory cost estimating 


any inserts that might be called 
for by the blueprints or cus- 
tomer’s specifications. Page 2 of 
Fig. 2, lines 31 through 36, pro- 
vides for a description, and the 
quantities, of materials needed to 
finish the product. Thus, paints in 
pints, quarts, gallons, etc., roll 
leaf in feet, etc., are recorded here. 

Lines 41 through 45 provide for 
a description of, and the number 
of boxes, cartons, etc., needed in 
which to pack the product. 

Note that nowhere on the man- 
ufacturing specifications has value 
in dollars and cents been indi- 
cated. 

The next section of the manu- 
facturing specifications develops 
the direct labor hours necessary 
for molding, finishing, inspection, 
and packing, and again the re- 
quired arithmetic is clearly indi- 
cated. The molding direct labor 
is recorded on lines 51 through 61. 
Finishing direct labor is recorded 
on lines 70 through 75. 

In some cases where inspection 
is handled as a separate depart- 
ment and not as part of the over- 
head of other departments, an es- 
timate of the pieces capable of 
being inspected per hour by each 
inspector should be indicated on 
line 80. 

Lines 90 through 98 provide for 
a listing of the operations neces- 
sary to make ready the packing 
material and to do the actual 
packing. It also indicates the 
quantity per hour of boxes, car- 
tons, etc., capable of being com- 
pleted by each operation. 

While we recommend _ that 


prices be quoted on quantities 
ordered released by the customer, 
rather than on total quantities 
ordered, much of the practice in 
the trade has been to quote on 
the entire order and to adjust 
that price by a separate setup 
charge for shorter runs. In either 
case, it is necessary to know what 
a setup for a particular job really 
costs. The elements of setup cost, 
for both molding and finishing, are 
listed in lines 100 through 106. 


Factory cost estimate 

Having been provided by the 
manufacturing specifications with 
the weights and the hours and the 
designation of the cost centers 
through which the product will 
pass, the next step is to make up 
the factory cost estimate which is 
illustrated by Fig. 3, above. 

The factory cost estimate is 
important in three ways: 1) from 
it, the total factory costs to pro- 
duce the product can be deter- 
mined; 2) if the remainder of the 
cost system is properly set up, the 
factory cost estimate will act as 
a yardstick of efficiency of the 
operating departments; and 3) it 
is a medium for pricing a physical 
inventory of work in process. If 
each operation is recorded in 
strict production sequence on the 
factory cost estimate, and the 
total costs are accumulated line 
by line, it is necessary only to 
count the number of parts and to 
record on the inventory sheets the 
stage of completion reached, and 
then to refer to the factory cost 
estimate for the cost of each part 









PLANNING FOR THE PLASTICS PRODUCT 


at that point of completion. | 
example, on line 1, high-impact 
styrene and the material weight 
(from line 18 of the manufactu:- 
ing specifications) might be indi- 
cated under “Description.” This 
weight multiplied by the price per 
lb. is entered in the “Material” 
column and is carried over to the 
“Accumulated Total” column. 

Since most molders designate 
each shop operation by a num- 
bered Code, provision is made for 
recording that number in the col- 
umn headed “Operation.” 

The next step, the molding press 
operation, is entered on line 2. 
The number of hours under “Di- 
rect Labor” are as indicated on 
line 61 of the specification; the 
rate per hour paid for Direct 
Labor would be entered in the 
second column, and the product of 
the hours times the rate would 
appear under the “Amount” 
column. 

The cost center, which is indi- 
cated on line 4 of the specifica- 
tions, is then entered by its code 
number under “Factory Over- 
head” in the “CC” column; a pre- 
determined rate per hour which 
that cost center actually costs to 
operate is entered under rate, and 
the product, arrived at by multi- 
plying that rate times the hours 
indicated under Direct Labor, is 
recorded in the “Amount” col- 
umn. Then the Direct Labor 
amount and the Factory Over- 
head amount are added to the 
accumulated total on line 1, mak- 
ing a new accumulated total for 
the cost of the part thus far. 

The inspection, finishing, and 
packing operations are treated in 
the same manner and are re- 
corded in strict manufacturing 
sequence. When the last opera- 
tion is recorded, the Material col- 
umn, the Direct Labor column, 
and the Factory Overhead column 
are totaled. A cross-footing of 
these three prime costs will equal 
the accumulated total in the last 
column and will be the factory 
cost of the unit of the product 
figured on. 


Setting a price 

Three things beside the factory 
cost must be known before the 
selling price can be determined 
First, the ratio of selling expense: 
to net sales must be known; sec- 





nd. the ratio of administrative 
xpenses to net sales; and third, 
he rate of profit (before taxes) 
n net sales that is necessary to 
ender a reasonable return on the 
nvestment. The first two ratios 
re determined by reviewing the 
records over a period of years, 
and, armed with this information 
plus any known adjustments that 
will have to be budgeted for, an 
average ratio is reached. If, for 
example, over the years the sell- 
ing expenses have averaged 6% 
of net sales, and the administra- 
tive expenses have averaged 9% 
of net sales, and in order to make 
a fair and reasonable return on 
the investment, the necessary 
profit on net sales before Federal 
Income Tax turns out to be.15%, 
then, by deducting the 6% plus 
the 9%, plus the 15% from the 
net sales dollar (100%), it is de- 
termined that the article must be 
made (factory cost) for 70% of 
the sales dollar. Then, the sales 
price may be found by dividing 
the factory cost by 0.70. 

This article would not be com- 
plete without a recital of a few 
of the things that we have en- 


countered in our’ experience 
which can affect quotes. One esti- 
mator, for example, arrived at a 
factory cost of a small oblong tray 
without figuring material for the 
bottom of the tray! 

Because a_ salesman _ insisted 
that a competitor’s price be met 
or bettered, another estimator 
figured the entire job on the low 
tolerance rather than on _ the 
median. The company got the job 
—but lost money on it. 

In still a third instance, on a 
job where sprues and runners 
were to be fed back into the press, 
the weight of the sprues and run- 
ners was not considered in esti- 
mating. However, in actual prac- 
tice, every fourth or fifth sprue 
could not be fed back into the 
press. Because the item itself was 
small and a multiple-cavity mold 
was used, the sprues and runners 
were rather large in proportion to 
the pieces, and the estimated ma- 
terial for this job was far too low. 

An unwillingness to estimate 
rejects realistically on the job in 
hand has caused many molders 
to use an over-all percentage— 
the same for every job. Not only 


COST ESTIMATING: Compression and transfer 


is this dangerous, it is eminently 
unfair to the customers. The cus- 
tomer whose job calls for preci- 
sion molding is not paying for 
that precision where an over-all 
average for rejects is used. By the 
same token, the customer whose 
job results in a low reject factor 
is actually paying for the preci- 
sion work sold to another. 

Because there are still too many 
molders who argue that their han- 
dling loss of materials is prac- 
tically nil, we ran a test for one 
week of the material lost through 
handling, with the result that of 
the firms reporting, the average 
loss was 2.7% of the net weight 
of the material used. The indivi- 
dual losses ranged all the way 
from 1.2 to 40.1 percent! 

Because a press can open and 
close a certain number of times 
a minute is no indication that the 
operator will open and close it 
that many times a minute as the 
day goes on. There is an efficiency 
loss that must be recognized. 

Estimating is the lifeline of your 
business, so don’t guess. Adopt a 
uniform method of estimating and 


fill in all the blanks. 


molding 





There is, of course, a good deal 
of similarity between cost esti- 
mating for compression and 
transfer molding and cost esti- 
mating for injection molding. 

There are certain recommended 
procedures to be followed when 
cost estimating for compression 
and transfer molding. 

For one thing, certain factors 
should be taken into account 
when determining an end price. 
These include: direct material; 
direct labor; factory overhead; 
and manufacturing cost. 

Within the direct material area 
of compression and transfer mold- 
ing are the molding compound, 
inserts, assembly parts, paints, 
etc. Beyond the area of specific 
material costs, there are definite 
expenses incurred in connection 
with material planning, purchas- 
ing, expediting, handling, stor- 
ing, and so on, which should be 
isolated and allocated directly to 
the molded part cost on the basis 
of pound usage. Pelleting costs 
should also be considered inde- 


COST ESTIMATING 


pendently when determining or 
estimating unit product cost. 
When dealing with direct labor, 
uniformity can be achieved by 
limiting direct labor to those op- 
erations performed directly upon 
the product and which add to 
the usefulness of it. Further, di- 
rect labor can be segregated be- 
tween applied direct labor (labor 
applied directly to the product 
as it moves through the normal 
processes, e.g., press, file, buff, 
assemble) and unapplied direct 
labor (items which, while neces- 
sary to further the physical prog- 
ress of the part or product, ac- 
tually reflect preparation, excess, 
or corrective labor, e.g., setup 
and start-up, training, etc.). 
When dealing with factory 
overhead, we are concerned with 
the largest single expense in- 
volved in converting raw mate- 
rial into the finished product. 
Other than direct labor, it em- 
braces all of the plant conversion 
costs. In reviewing factory over- 
head, it is recommended that 


certain specific items of expense 
which can be independently allo- 
cated, e.g., servicing material or 
quality control costs, be removed. 
The next step would be to isolate 
those expenses which are _ in- 
curred directly by direct labor or 
which vary generally in propor- 
tion to direct labor, e.g. night 
worker’s bonus, vacation and hol- 
iday pay, etc., and eliminate them. 
These can be allocated to unit 
product cost on the basis of a 
standard factor applied to the di- 
rect labor content. 

The total of direct material, 
direct labor, and factory over- 
head is called factory cost and is 
the base against which some of 
the subsequent elements of cost 
should be allocated as well as the 
cost level at which inventories 
should be carried. 

Manufacturing cost for which 
manufacturing is responsible 
takes in spoilage losses, engineer- 
ing expense, design expense, 
packing expense, and customer 
returns. 






























































































































































































































































World Trade Statistics 


BY DRS. HANS WITTMEYER and ADOLPH THEURER* 


W onc production of plastics 


increased from about 440 million 
lb. in 1938 to more than 8 billion 
lb. in 1956. During the same pe- 
riod, the United States, which is 
by far the largest plastics pro- 
ducer in the increased 
its share of world plastics pro- 


world, 


duction from 29.6 to 51.6 percent. 

Today, the figures are prob- 
ably even higher, but in this arti- 
cle we shall examine the statistics 
for the period up to 1956 in an 
effort to determine whether plas- 
tics growth is likely to continue 
at the same tremendous rate in- 
definitely, and what part will be 
played in this growth by foreign 
trade in plastics. 
shall limit 
ourselves to plastics raw materials 
and ignore the vast field of items 
manufactured from plastics. 

One of the big obstacles is the 
fact that the Soviet bloc is iso- 
lated politically and 
cally. In this case, only certain 


In this article, we 


economi- 


* The articl based on data especially com 


piled for MODERN PLASTICS Encyclopedia 
Issue by a team in the Statistical Section 

Verband der chemischen Industrie, E.\ 
Frankfurt am Main, Germany. This team also 


uded vv nilling and Frau Krause, in 
lition to the two authors which are listed 


indications could be studied and 
evaluated. 

The other figures are based 
mainly on official statistics, as well 
as estimates where statistics were 
not available. Although the de- 
scription “plastics” is defined dif- 
ferently in some countries, we 
have tried to use the same defini- 
tion throughout. Roughly speak- 
ing, this is what we understand 
the term “plastics” to mean: cel- 
lulose derivatives and regenerated 
cellulose; protein plastics; con- 
densation products (such as phe- 
nolics with formaldehyde, urea 
with formaldehyde, phthalic acid 
with polyalcohols, etc.) ; and poly- 
merization products (such as 
vinyl, acrylics, ethylene linkages, 
etc.). Synthetic rubber was not 
included. 

As we had to rely on the var- 
ious methods of reporting of the 
countries concerned, there is a 
possibilty of a certain amount of 


duplication, which seems un- 
avoidable in the chemical in- 
dustry. 


In order to present comparable 
data for all countries and for all 
plastics raw materials, we had to 





content ourselves with 1956 as ihe 
most recent year for which com- 
plete and reasonably authoritative 
figures are available. 


World production 

The tremendous growth in plas- 
tics production throughout the 
world between 1938 and 1956 is 
illustrated in Table I, below. The 
position of various countries has 
changed somewhat during the 
period covered by the table, but 
the United States in 1956 is still 
in first place, with a staggering 
51.6% of total world production. 
Both the United States and Great 
Britain had a lower share of world 
plastics production in 1956 com- 
pared with 1950, whereas Ger- 


many had almost doubled its 
share, and Japan had made 
even more _ impressive prog- 
ress. However, Great Britain 


and Germany have both lost con- 
siderably since the pre-World 
War II period. The Russian share 
has also increased considerably, 
but, as far as we know, it is still 
relatively small. 

It is estimated that the more 
than 8 billion lb. of plastics mate- 
rials produced in the world are 
divided among the main cate- 
gories in the manner shown in 
Table II, p. 35. 

A study of Table III, p. 35, 
showing production in the lead- 
ing countries, reveals several sig- 
nificant aspects. By looking at the 
figures shown for each country, 





TABLE |: World growth in plastics production’ 





Country 


United States 
Canada 
Japan 

Great Britain 
Germany 

Western Germany 
Eastern Germany 
France 

Italy 

Sweden 

Belgium / Luxemburg 
Netherlands 

U. S. S. R.* 

Others* 


TOTAL 


Million lb. %? 





1938 1950 
' ‘sie illisin 


Million lb. % 


130 29.6 2280 69.1 
33 7.5 42 13 
66 15.0 348 10.6 

148 33.6 —_ -—— 
— — 221 6.7 

- — 66 2.0 
29 6.6 73 2.2 
9 2.0 51 15 
— — 33 1.0 
— 11 0.3 

- ——— 24 «(0.7 

-- oS 60-70 2.0* 
25 9.7° 80-90 2.6* 


440 100 3289-3309 100 


ee 


Million lb. % 


200-210 3.6* 
5584-5614 100 


1954 1956 
a 
Million lb. % 


2951 52.7 4124 516 
150* 2.7 220* 28 
170 = 3.0 335 4.2 
611 109 688 8.6 
622 11.1 994 124 
179 = 3.2 227 «28 

7 3.3 287 3.6 

172 3.1 243 «3.0 

62 1.1 79 1.0 

31 0.6 40 05 

49 09 77 1.0 
200-220 3.8* 320-340 4.1* 


350-370 44* 
7984-8024 100 
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an insight is gained into the im- 
portance played by these various 
plastics raw materials in the na- 
tional production programs of 
each country. For instance, vinyl 
resins, which today still find the 
widest use of all plastics mate- 
rials produced, amount to less 
than 20% of the 3.532 billion Ib. 
of plastics materials produced in 
the United States in 1956. At the 
same time, the 760 million Ib. of 
vinyl resins are about 46% of 
total world production. 

In examining the part played by 
each of the leading plastics raw 
materials in the various countries 
shown in Table III, the percentage 
of world production of the leading 
plastics materials as shown in 
Table II should be borne in mind 

Vinyl resins, for example, which 
also play the largest part in world 
production, (amounting to be- 
tween 19 and 22% of the total), 
play the relatively largest part in 
the 
Eastern 


Soviet zone of Germany— 
Germany—where they 
amount to almost 12 of the total 
volume. In France, 
Italy, and Japan, they amount to 
than %%, and in Western 
Germany to somewhat less than 
one-third. In Canada, they oc- 
cupy a little over 44 of the total 
production volume, whereas in the 
United States they amount to less 
than 45 of total plastics raw mate- 
rial production. 

Similar differences can be noted 
for other materials. 


production 


more 


World trade 

The consumption of plastics in 
a particular country can be noted 
as the amount available for fab- 
rication purposes in the domestic 











TABLE Il: World production of plastics materials—1956 





Million lb. % 
Phenolics 1200-1440 15-18 
Aminos 720-880 9-11 
Alkyds 1120-1280 14-16 
Vinyls 1520-1760 19-22 
Styrene polymers and copolymers 800-960 10-12 
Polyethylene 800-960 10-12 
Acrylic 420-320 3-4 
Other resins 1600-400 20-5 
TOTAL 8000 100 





market. This figure is obtained by 
adding together that country’s 
own production and its imports 
and then subtracting its exports. 

Table IV, p. 36, supplies these 
figures for 1954 and 1956 for the 
major plastics producing countries 
(which supply about 
95% of total world production of 
plastics raw materials). Changes 
in inventory were not taken into 
account. The figures given for 
availability in the domestic mar- 
ket are, at the same time, a vol- 
ume index of the plastics manu- 
facturing each 


together 


activities of 
country. 

It can be seen that manufactur- 
ing of plastics is not always the 
same as production of plastics raw 
materials. 

However, the use of plastics 
materials in a country depends 
not only upon the level of its pro- 
ductivity and industrial develop- 
ment, but, above all, it must be 
related to the size of its popula- 
tion. A better index, therefore, 
would be consumption of plastics 
per capita. 

In the United States, the con- 


sumption of plastics material per 


capita amounts to about 24.3 lb., 
Great Britain it 
about 11.5 pounds. 
Consequently, whereas consump- 
tion in the United States per cap- 
ita is only twice as much as that 
of Great Britain, Table IV indi- 
cates that the availability of plas- 
tics materials in the United States 
is about six to 


whereas. in 
amounts to 


seven times as 
much as the amount available in 
Great Britain. In Western Ger- 
many, per capita consumption of 
plastics materials is 16.8 lb., which 
is twice as much as that of France, 
and nearly four times as much as 
that of Italy. In Japan, on the 
other hand, per capita consump- 
tion of plastics materials in 1956 
amounted to only 2.9 pounds. 


United States trade 

Although the import of plastics 
materials into the United States 
increased almost fourfold between 
1954 and 1956, plastics imports are 
still of little significance. The ex- 
port business during the same 
period has increased considerably, 
and is of much more significance. 

Table V, p. 36, indicates that 


the increase in exports has taken 





TABLE Ill: Production in leading countries—1956 (in million Ib.) 





Phenolics 

Aminos 

Alkyds 

Vinyls 

Styrene polymers and copolymers 
Polyolefins 

Cellulosics‘ 


TOTAL 


Not including varnishes and 
Only vinyl chloride 

> Estimated 

*Not including re 


coating 


generated cellul 





material 


Germany 
U.S.A. Western Eastern France Italy 
563 151 49 35 33 
342 151 19 29 42 
474 71 17 36 —- 
760 292 108 107 88 
680 — 6 38 22 
566 45 — 12 = 
147 132 15 13 13 
3532 842 214 270 198 


Great 
Britain Canada Japan Total 
121 40 37 1029 
110 8 132 833 
89 10 16 713 
110° 47 123 1635 
53 51 850 
88° 8 - 719 
27 44 17 ane 
598 208 325 6187 
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TABLE IV: Plastics trade and consumption in leading countries' 
(in million Ib.) 





Country 


U.S.A. 1954 
1956 
Japan 1954 
1955 
1956 
Great Britain 1954 
1956 
Western Germany 1954 
1956 
France 1954 
1956 
Italy 1954 
1956 
Sweden 1954 
1956 
Netherlands 1954 
1956 
Belgium /Luxemburg 1954 
1956 


Including regenerated cellulose (cellophane) 
Including trade with Eastern Germany 


Availability 
in domestic 
Year Production Import Export market 

3306 3 254 3055 
4524 9 439 4094 
192 12 8 196 
243 25 12 256 
357 -- -— — 
687 48 181 554 
775 53 241 587 
653 36° 136° 553 
1032 61° 244° 849 
214 49 29 234 
313 98 38 373 
187 23 43 167 
258 44 76 226 
62 34 13 83 
79 53 23 109 
48 40 31 57 
717 70 44 103 
31 34 23 42 
40 57 32 65 





place mainly in the group of poly- 
merization products and of “plas- 
tics not otherwise classified.” The 
latter has risen to more than one- 
third of the total plastics export 
business of the United States dur- 
ing 1956. This category includes, 
among others, all polymerization 
products other than the sepa- 
rately-listed polystyrene and vi- 
nyl resins. Polyethylene resins 
and the methacrylate resins are 
mainly responsible for this gain. 
It can be assumed that all poly- 
merization products will probably 
hit 50°. of total exports soon. 


The regional export business 
shown in Table VI, p. 37, has 
also undergone some changes over 
a period of three years. For in- 
stance, plastics export to Sweden 
and Norway is now three times as 
much as it was in 1954. To the 
Netherlands, France, and some of 
the smaller countries such as Tur- 
key, United States exports have 
also increased notably. 

The markets outside Europe 
have similar remarkable gains to 
show. In Latin America, the in- 
crease in export to the Argentine 
is especially noteworthy. In the 





TABLE V: United States plastics imports and exports 





Cellulosics (total) 

Regenerated cellulose 

Other cellulose plastics 

Protein plastics 

Condensation products’ (total) 
Phenolic resins 
Urea and melamine resins 
Alkyd resins 
Protective coatings resins 

Polymerization products’ (total) 
Styrene resins 
Vinyl resins 

Miscellaneous plastics materials, not 
otherwise classified (total) 
Resins, not otherwise classified 
Film and sheet 
Laminating resins 

TOTAL 


materials, not otherwise classified 





A portion of polymerization and condensation 


Import Export 

a ee, 

1954 1956 1954 1956 
(1000 lb) (1000 Ib) 

1,676 5,894 30,058 35,911 
aes one 11,803 12,198 
_ _ 18,255 23,713 
43 38 1 7 
228 987 70,623 87,822 
228 987 15,977 20,309 
os on 16,966 17,766 
_ one 21,709 27,903 
oe _ 15,971 21,844 
354 950 77,007 107,862 
_ _ 33,349 57,896 
354 950 43,658 49,966 
184 1,366 76,143 207,758 
- ‘on 44,478 163,693 
_ _ 21,172 32,154 
_ _ 5,030 6,462 
2,485 9,235 253,832 439,360 











products is included in “Miscellaneous plastics 


Australian continent, export busi- 
ness to New Zealand has in- 
creased very significantly. Brazil 
is almost the only market which 
has decreased, in this case by al- 
most 50 percent. 

After taking into account the 
countries which are primarily re- 
sponsible for an increase in the 
export business of the United 
States, we should take a look at 
the percentage changes which the 
regional export business has un- 
dergone. 

The share of Western Europe 
has increased by about one-tenth. 
Asia’s share, although smaller 
than that of Europe, has increased 
by 50 percent. Decreases have 
taken place on the Australian 
continent and on the American 
continent—in the north in Can- 
ada, then in Central America and 
Mexico, and in the south in Brazil 
and Venezuela. 


Foreign markets 


Canada: Unfortunately, no Ca- 
nadian foreign trade statstics were 
readily available, but it was pos- 
sible to include this significant 
country by basing figures on dol- 
lar value rather than on volume. 
Imports considerably exceed the 
exports. In 1956, plastics imports 
amounted to about $47 million 
(Canadian dollars) compared 
with exports of about $26% mil- 
lion. A decrease in the export 
business to the Union of South 
Africa and to Colombia is of sig- 
nificance. In contrast, the export 
business to Western Germany, the 
Netherlands, Switzerland, Japan, 
the United States, and Brazil has 
increased considerably. Canada’s 
export trade with the Common- 
wealth countries dropped from 
32.99% or $6,500,000 in 1954 to 
16.8% or $4,500,000 in 1956. On 
the other hand, exports to the 
United States in 1954 amounted 
to only about $700,000, whereas in 
1956 it had increased to $2,350,000 
or 8.8°% of the total exports in 
plastics materials of Canada. 

Japan: The Japanese foreign 
trade statistics for 1956 are not yet 
available and 1955 has, therefore, 
been compared with 1954. In 1954, 
Japan imported 12 million lb. of 
plastics material and exported 
about 8 million pounds. In 1955, 
imports had more than doubled to 
25,463,000 Ib. and exports had in- 

































creased to only 11,928,000 pounds. 
On the export side, nearly 50% of 
total exports in 1955 consisted of 
vinvl chloride and vinyl acetate 
resins, and the remaining 50% al- 
most entirely of cellulosics. 

The increase in export business 
of Japan to Australia and to Asi- 
atic countries is of significance, 
although the export business to 
Indonesia has decreased consid- 
erably from more than 1!2 million 
lb. in 1954 to 269,000 Ib. in 1955. 

Of particular interest are the 
Japanese efforts to capture the 
American market. In Latin Amer- 
ica, Japan had to concede some 
losses. The Latin American share 
of Japan’s export business sank 
from about 21% in 1954 to 9° in 
1955. In volume, however, this 
change was less significant and 
amounted to 1,035,000 lb. in 1955 
compared with 1,665,000 Ib. in 
1954. 

These losses were more than 
offset by the good business which 
Japan developed with the United 
States. Although in 1954 not even 
1% of Japanese exports went to 
the United States, by 1955 the 
United States consumed almost 
25°; of the total Japanese plastics 
export business. The increase in 
export for the United States 
jumped from 67,600 Ib. in 1954 to 
2,870,000 lb. in 1955. 

Great Britain: This country, 
which in the Free World is still 
the largest industrial potential 
next to the United States, has a 
plastics export business of nearly 
250 million lb., but also has a 
very significant import business, 
which in 1956 amounted to more 
than 53 million pounds. 

In view of the important do- 
mestic production in Great Brit- 
ain, it is remarkable that the im- 
port of vinyl resins continues so 
significantly, amounting to nearly 
15 million Ib. in 1956, including 
almost one million lb. of polyvinyl 
butyrate. On the other hand, the 
export of vinyl resins is almost 
twice as much as the import fig- 
ure, so that the explanation is 
perhaps to be found in a transit 
business conducted by Great 
Britain, or in trading of different 
types of vinyl resins. 

The increased export of aminos, 
which jumped from 27% million 
lb. in 1954 to over 45 million in 
1956, is also significant. 
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TABLE VI: United States plastics exports 





Export to: 


Western Europe (total) 
Western Germany 
Finland 
Sweden 
Norway 
Denmark 
Iceland 
Great Britain 
Eire 
Netherlands 
Belgium /Luxemburg 
France 
Switzerland 
Portugal 
Spain 
Italy 
Austria 
Yugoslavia 
Greece 
Turkey 
Malta and Gibraltar 

Eastern Europe (total) 
Eastern Germany 

Africa (total) 

Egypt 

Union of South Africa 

Remainder of Africa 
Asia (total) 

Iran 

Iraq 

Remainder of Near East 

Japan 

India 

Pakistan 

Indonesia 

Hongkong 

Remainder of Far East 
America (total) 

Canada 

Central America 

Mexico 

Remainder of Central America 

South America 

Argentina 

Brazil 

Chile 

Columbia 

Venezuela 

Peru 

Remainder of South America 

Australian Continent (total) 
Australia 
New Zealand 
Remainder of Australian Con. 


TOTAL 


1954 1956 
1000 lb. % 1000 lb % 
75,950 29.9 145,224 33.1 


6,907 2.7 13,023 3.0 
569 0.2 1,287 0.3 
3,139 1.2 10,194 2.3 
1,854 0.7 5,901 1.3 
1,939 0.8 4,764 1.1 
554 0.2 929 0.2 
22,308 88 23,351 5.3 
110 0.0 289 0.1 
4,835 1.9 13,179 3.0 
5,287 2.1 11,603 2.6 
13,880 5.5 32,163 7.3 
4,568 18 11,354 2.6 
575 0.2 1,345 0.3 
1,713 0.7 1,542 0.4 
4,853 1.9 8,919 2.0 
1,889 0.7 2,464 0.6 
21 0.0 40 0.0 
810 0.3 1,822 0.4 
115 0.0 678 0.2 
23 0.0 377 0.1 

1 0.0 ——- — 

1 0.0 _— -- 
5,444 2.1 11,841 2.7 
709 0.3 776 0.2 
838 15 9,651 2.2 
897 0.4 1,414 0.3 
27,541 10.9 73,256 16.7 
481 0.2 924 0.2 
29 0.0 22 0.0 
1,233 0.5 1,896 0.4 
10,770 4.2 47,008 10.7 
733 0.3 2,113 0.5 

3 0.0 163 0.0 

445 0.2 689 0.2 
999 0.4 1,314 0.3 
12,848 55.1 19,127 4.4 


140,158 55.2 201,898 46.0 


72,984 28.8 111,011 25.3 
31,905 12.6 44,019 10.0 
23,308 9.2 28,078 6.4 
8,597 3.4 15,941 3.6 
35,269 13.9 46,867 10.7 
1,547 0.6 6,373 1.4 
10,028 4.0 5,513 1.3 
1,182 0.5 1,474 0.3 
9,958 3.9 14,014 3.2 
9,020 3.6 11,885 2.7 
959 0.4 2,433 0.6 
2,575 1.0 5,175 12 
4,739 1.9 7,141 16 
2,867 1.1 3,404 0.8 
732 0.3 3,170 0.7 
1,140 0.4 567 0.1 
253,832 100.0 439,360 100.0 





Regionally, the export business 
of Great Britain to the Common- 
wealth countries has increased, as 
far as volume is concerned, from 
77,291,000 lb. to 91,020,000 lb. be- 
tween 1954 and 1956, but it has 
decreased on a percentage basis 
from 42.9% in 1954 to 37.7% in 
1956. 

In this connection, it must be 


borne in mind that, particularly in 
the Commonwealth countries, 
subsidiaries of British companies 
are gaining an increasingly bigger 
share of the total production of 
plastics materials in these coun- 
tries. Percentagewise, the increase 
of export business into countries 
which do not belong to the Com- 
monwealth applies particularly to 
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Western Europe where volume in 
1956 amounted to 115,393,000 Ib., 
compared with 78,892,000 lb. in 
1954; and to Asia, to which Great 
Britain exported 9,269,000 lb. in 
1956, which is nearly three times 
as much as exports to that area in 
1954. 

Export to the United States in 
1956 brought some 5,830,000 lb. of 
plastics raw materials from Great 
Britain, compared with 7,174,000 
lb. in 1954. Exports to some Latin 
American countries were also re- 
duced. This was offset by gains in 
exports to Central America 
which, in 1954, reached 997,000 lb., 
but in 1956 increased to 2,713,000 
lb.—a gain from 0.5 to 1.1% of 
total exports. 

Western Germany: In compar- 
ing 1954 with 1956, the import of 
plastics into Western Germany 
has more or less increased in the 
same ratio as the export business. 
Total exports of polymerization 
products in 1954 amounted to 
75,327,000 lb. and in 1956 to 
160,669,000 pounds. On the im- 
port side, the increase in the 
group of polymerization products 
is not equally divided between the 
various materials. The relatively 
biggest increase was in polyethyl- 
ene, which in 1956 amounted to 
6,672,000 lb., or nearly twice as 
much as the amount imported in 
1954. As far as vinyl resins are 
concerned, the imports increased 
because of lower costs for power, 
raw materials, and wages, com- 
pared with similar costs in other 
producing countries. 

A significant change has taken 
place in the export business with 
eastern Europe, which in 1954 
amounted to 3,089,000 lb. and in 
1956 to 10,963,000 pounds. In per- 
centages, this is an increase from 
2.2 to 4.5% of total exports. 

Plastics exports to the Soviet 
Union in 1954 were nil, but in 
1956 amounted to 2,277,000 
pounds. Exports to Poland in- 
creased almost threefold during 
the same period and other signifi- 
cant increases also took place in 
export to Czechoslovakia and 
Hungary. 

Trading between the two Ger- 
man zones is not contained in for- 
eign trade statistics, but it has in- 
creased significantly, both as far 
as imports and exports are con- 
cerned. 
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France: The foreign plastics 
trade of France has become much 
livelier. Imports have almost dou- 
bled from more than 49,505,000 
lb. in 1954 to more than 98,000,000 
Ib. in 1956. The export business 
has also increased by more than 
4s—from 28,998,000 to 37,788,000 
pounds. The balance of its plastics 
foreign trade is, therefore, still 
passive. With the recent discovery 
of natural gas, France’s petro- 
chemical industry may soon be 
expanding. The import of large 
quantities of polyethylene and 
polystyrene is undoubtedly due to 
the fact that the capacity for pro- 
ducing the basic raw materials is 
too limited in France. This also 
applies to the group of amino 
plastics, of which France imported 
17,823,000 lb. in 1956—more than 
twice the amount imported in 
1954. 

The cellulosics and vinyls dom- 
inate the export business. 

Significant changes also took 
place on a regional basis as far as 
France’s plastics export business 
is concerned. A clear increase in 
the West European share of 
France’s export business, which in 
1954 amounted to 14,338,000 Ib. or 
49.4% and in 1956 showed an in- 
crease of about 50° to 21,549,000 
lb. or 57% of total export seems 
to indicate the increasing orienta- 
tion of France towards Europe as 
a whole. 

It is perhaps surprising that 
Africa’s share of the French ex- 
port market remains virtually un- 
changed at a little more than 12% 
of total exports. The losses in Asia 
from 5,537,000 lb. in 1954 to 
3,799,000 lb. in 1956 are mainly 
due to political developments in 
Vietnam, Laos, and Cambodia. 

Exports to the United States 
have increased from 409,000 Ib. to 
1,658,000 lb., or from 1.4 to 4.4 
percent. Some losses in export to 
Mexico are offset by gains in ex- 
ports to the Argentine, which in 
1956 amounted to about 9.5% of 
total export business. 

Italy: Italy, too, has been able 
to increase its plastics business 
considerably during the period 
1954 to 1956. However, in con- 
trast with France, it can show an 
active balance of its plastics trade, 
since imports in 1256 amounted 
to 44,016,000 lb. compared with 
76,203,000 lb. of export trade. 






PLANNING FOR THE PLASTICS PRODUCT 


Unfortunately, the reporting o 
Italian foreign trade statistics does 
not permit a very clear picture of! 
the product structure of its plas- 
tics imports and exports. How- 
ever, the few details which are 
available show that Italy relies 
more and more on trade of poly- 
merization products on the basis 
of natural gas and natural oil, 
rather than on the condensation 
products. Although some of the 
condensation and some of the 
polymerization products are clas- 
sified under “other plastics mate- 
rials,” it is significant that import 
of both condensation and poly- 
merization products amounted to 
a little more than 6 million |b. 
for each category in 1954 and in 
1956 and that export of both cate- 
gories increased considerably. In 
1956, these exports amounted to 
more than 2 million lb. for con- 
densation products and nearly 69 
million lb. for polymerization 
products. 

The increase of Italian exports 
of plastics materials is mainly 
due to the success in markets out- 
side Western Europe, although 
these amounted to 45.9% in 1956. 
Italy increased its plastics export 
to Eastern Europe, to Africa, to 
Asia, and to the United States. In 
1956, the United States provided 
a market for more than 26 million 
lb. of plastics materials, or 34.4% 
of total export. Although the in- 
creased volume of export to Asia 
and Africa is smaller by compari- 
son, it is nevertheless a signifi- 
cant sign and could, perhaps, be 
increased two to threefold. 

Sweden: Although a greatly ex- 
panded foreign trade volume has 
been achieved by Sweden, the 
foreign trade balance has re- 
mained passive. Nevertheless, ex- 
port has nearly doubled from 
13,300,000 lb. in 1954 to 23,430,000 
Ib. in 1956. It is not surprising 
that the polymerization products, 
particularly polyethylene and 
polyvinyl chloride, provide the 
largest share of the import busi- 
ness. Polyethylene, for instance, 
amounted to 10,207,000 lb. in 1956, 
compared with 2,231,000 Ib. in 
1954. The increased export of PVC 
from 2,932,000 to 5,210,000 lb. in 
this period is also worth noting. 

Sweden’s export to Western 
Europe has nearly doubled and 
amounts to 71.1% of total exports. 
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The increase of Swedish plastics 
export business to Eastern Europe 
,eems particularly remarkable. In 
volume, it increased ninefold be- 
tween 1954 and 1956, jumping 


from 333,000 Ib. to 2,921,000 
pounds. The reason may be found 
in an expansion of plastics exports 
to Poland and Czechoslovakia. 

Belgium-Luxemburg: The for- 
eign plastics trade of Belgium- 
Luxemburg is similar to that 
of ‘France and Sweden, in 
that the import and_ export 
business has significantly in- 
creased without changing its 
passive character. The import is 
dominated by the amino plastics, 
although they have decreased 
somewhat from 11,854,000 Ib. in 
1954 to 8,757,000 lb. in 1956. In 
contrast, the import of PVC resins 
in the same period has increased 
about threefold. 

The Netherlands: The passive 
character of the Netherlands’ for- 
eign trade balance is even more 
marked in 1956 than it was in 
1954, since imports now exceed 
exports by about 26 million lb., 
compared with only 10 million Ib. 
in 1954. Altogether, import has 
increased about 75%, whereas ex- 
port increased by less than 50 
percent. 

Mar- 
ket: The unification of Belgium- 
Luxemburg, France, Western 
Germany, Italy, and the Nether- 
lands into a European Common 


The European Common 


Market, provides a new and im- 
portant economic area. Although 
it has a different character than 
other markets studied in this sec- 
tion, it is important, since it can 
be expected to have a very defi- 
effect the 
plastics trade. 


nite on international 
The production potential of these 
countries in plastics is very con- 
siderable. By including regener- 
ated cellulosics, which are not in- 
cluded in the production figures 
of Table I, this area produced in 
1956 1.720 billion pounds. This is 
‘5 of total world production, and 
this area is, in consequence, the 
second biggest producer after the 
United States. 


Major markets 

Apart from the extensive for- 
eign trade conducted among the 
main producing countries, which 
we have already examined, im- 
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portant foreign markets for plas- 
tics raw materials exist in Cen- 
tral and Latin America, the Near 
and the Far East, the Australian 
continent, and in Africa. 

The Central American Market: 
In 1956 the United States sup- 
plied about 82.6% of all plastics 
raw materials going to this area. 
Great Britain and Western Ger- 
many each had a share of about 


6% of a total market which 
amounts to some 53 milion 
pounds. 

However, significant changes 


took place in the Mexican market 
during the period of 1954 to 1956. 
In 1955 the United States’ share 
in the supply to the Mexican 
plastics market dropped from 89% 
to a little over 50 percent. This is 
undoubtedly due to the fact that 
the rapidly increasing export 
business of cellulosic materials 
from Canada took place during 
that period. If one excludes the 
Canadian cellulosics, the United 
States in 1956 had regained its 
80% share of the Mexican market. 

The Latin American Market: 
Although this market is a con- 
siderable distance from the United 
States, its potential is _ still 
strongly influenced by the United 
States, which supplies about 60% 
of all plastics materials used in 
this area, amounting to about 
46,867,000 lb. in 1956. Here too, 
Great Britain and Western Ger- 
many are next, although they are 
a long way behind the United 
States and supply about an equal 
share of the market—somewhere 
between 12 and 15° for each 
country. 

The Near East: The Near East 
consumed less than 10 million Ib. 
in 1956. This market is primarily 
shared between the United States, 
Great Britain, and Western Ger- 
many, who jointly supply more 
than 80° of the total market. 

The Far East: Total consump- 
tion of plastics raw materials in 
this vast area in 1956 was in ex- 
cess of 160 million lb., and far ex- 
ceeded consumption in the other 
markets covered in this section. 
However, compared with the vast 
concentrated in this 
relatively 


population 
area, consumption is 
small. 

Today, Japan is already a sig- 
plastics. 


nificant producer of 


Nevertheless, in 1956 Japan im- 


ported 60,413,000 lb. of plastics 
raw materials, compared with 
only 25,463,000 lb. imported in 
1955. The United States 
tained its position as the major 
supplier, and exported more than 
47 million lb. to Japan in 1956 and 
more than 22 million lb., or 87.6%, 
in 1955. In 1955, Canada supplied 
6.6% and all of Western Europe 
only 5.5 percent. In 1956, the Far 
East which, apart from Japan, in- 
cludes China, India, Pakistan, 
Hong Kong, and other countries, 
imported 70,414,000 lb., or 43.4% 
from the United States, 24°% from 
Great Britain, followed by 12° 
from Western Germany. Canada 
supplied 8.1%, 
losics. 

In 1956, India imported 30,- 
129,000 lb. of plastics raw mate- 
rials—19,355,000 lb. from Great 
Britain, more than 5,700,000 Ib. 
from Western Germany, and only 
2,000,000 Ib. the United 
States. In the same year, China 
imported only 3,436,000 lb., about 
half of which came from Western 
Germany. 

The Australian Of 
the almost 50 million lb. which the 
main producing countries in 1956 


main- 


excluding cellu- 


from 


Continent: 


supplied to this area, almost 70°; 
went to Australia. The remainder 
of plastics materials goes mainly 
to New Zealand. 
give an interesting demonstration 
of the traditional ties which link 
them to Great Britain. 
Two-thirds of all plastics ma- 
fabricated in 
originate in Great Britain, which 


Both countries 


terials this area 
in 1956 supplied 33,737,000 pounds. 
The United States supplied about 
14.3%, and Western 
about 7.2 or 3,597,000 pounds. 
The African The 


supply of materials of 


Germany 


Continent: 
plastics 
the main producing countries to 
Africa is about the same volume 
as that going to the Australian 
continent, amounting to 54,293,000 
lb. in 1956. In this area, too, the 
vast differences in population will 
have to be taken into considera- 
tion. In Australian market 
the population is about 15 million, 
in Africa about 220 million, and 
in the Far Eastern market about 
1.400 billion. Consequently, Africa 
has 


the 


also tremendous reserves 


which, based on per capita con- 
possible markets 


sumption, are 


for plastics. 
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du Pont de Nemours, E. I. & Co. (Inc.), 

Polychemicals Dept. ...........2.ccccecces 61-80 
Eastman Chemical Products, Inc. ............. 54, 55 
i Ci nt ncnesnees baeewrenede 286 
Grace, W. R., & Co., Polymer Chemicals Div. . . 
Farbwerke Hoechst AG. .........2..cccccccees 206C 
Koppers Co., Inc., Plastics Div. ............ 253-256 


Monsanto Chemical Co., Plastics Div. ........ 239-250 
co ee er 277-280 
Reed Plastics Corporation 261 
2 ee ree 313 
Semet-Solvay Petrochemical Div., 

Allied Chemical Comp. «........00ssc000- 262, BZ 
Spencer Chemical Company ................... 208 
U. S. Industrial Chemicals Co., Div. National 

Distillers and Chemica’ Corp. .............. 57-60 
Union Carbide International Co. ........ 280A, 280B 


POLYPROPYLENE 


REPROCESSORS 


Erie Plagiices Company, TN0.. ..6..6 icc ccc ciev ews 
ii I, os wo s's da we ecoadeue sips 286 
Holland, M., Company 

Muehlstein, H., & Co., Inc. ....... 

Wotoes, Goons. Co.. TRG. oc... cc cc ccccccceceses 


STABILIZERS 
United States Rubber, Naugatuck Chemical Div. 
SPECIALTY PAPERS 


Riegel Paper Corporation 


STYRENE & STYRENE BASED MATERIALS 
American Cyanamid Co., Plastics and Resins Div. 209-224 
Bakelite Company, Div. of Union Carbide Corp. 263-274 
Borg Wamer, Marbon Chemical Co. ......... 306, 307 
Catalin Corporation of America 

Chemische Werke Hiils Aktiengesellschaft 

Cosden Petroleum Corp., Chemical Div. ......... 305 
Dow Chemical Co., The, Plastics Sales Dept. 287-294 
a eer ere tre eee ree 316 
Pane Cae Oh, BUG 5 ose pw eee ees sc edaaes 309-312 
Goering Produets, TAC... .ccccccccccccsecvcns .. 286 
Koppers Co., Inc., Plastics Div. ............. 253-256 
Marbon Chemical, Div. of Borg Warner 306, 307 
Monsanto Chemical Co., Plastics Div. ........ 239-250 
Reed Plastics Corporation 261 
United States Rubber, Naugatuck Chemical Div. 45-52 


UREA AND MELAMINE 

Allied Chemical Corp., Plastics and Coal 
CERI, 6 wi tnedeecad<d a Sere cna 231-236 

American Cyanamid Co., Plastics and Resins Div. 209-224 

Catalin Corporation of America 

Cassella Farbwerke Mainkur AG. ........ ae : 

Fiberite Corporation, The 

Monsanto Chemical Company, Plastics Div. . . 

VINYLS 

Bakelite Company, Div. of Union Carbide Corp. 263-274 

Ce I S,. n:i v:cdnecacndiencey vcd ees 325 

Chemical Products Corporation 

Chemische Werke Hiils Aktiengesellschaft 

Diamond Alkali Company 

Dow Chemical Co., The, Plastics Sales Dept. .. 287-294 

Escambia Chemical Corporation 56 

Firestone Plastics Co., Chemical Sales Div. .. . 3, 187 

General Tire & Rubber Co., Chemical Div. ..... 42, 43 

RE I nis cow cdneine swe 

Goodrich, B. F., Chemical Company 

Great American Plastics Company 

PaCS DUROONOE AIS, 66 cick ec cciccynevens 206C 

Monsanto Chemical Company, Plastics Div. ... 239-250 

Reed Plastics Corporation 

Schulman, A. Inc. 

Stanley Chemical Company 

United States Rubber, Naugatuck Chemical Div. 45-52 
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SPECIALIZED 


to meet your needs 





Foreseeing the need for top-quality PVC resins to fit spe- 
- cific requirements in the plastics industry, General Tire’s 
Chemical Division has set up a continuing program com- 
bining field contact and lab work to keep pace with the 
rapid changes in plastics processing and application. Out 
of this program have come these specialized PVC resins, 
each developed to solve certain production problems. And 
as new problems arise, new resins will be developed by 
the Chemical Division. To be sure of the right PVC resin 
for your application, specify Vygen .. . you'll get a superior 
product, excellent technical service, and delivery to fit the 
toughest production schedules. 


THE GENERAL TIRE & RUBBER COMPANY 


CHEMICAL DIVISION ° AKRON, OHIO 


CYusmiedl Livin 





VYGEN 85 

A low-molecular-weight resin which 
has very good heat stability. Recommended for calendering, 
extrusion, and molding operations where processing at 
lower temperatures is desired. 


VYGEN 105 

A lower-molecular-weight resin for 
molding, calendering, and extrusions requiring a high-gloss 
finish. Especially well-suited for high-gravity light-embossed 
calendered sheeting. Vygen 105 allows the use of lower 
processing temperatures. 


VYGEN 110 

A general-purpose, average- 
molecular-weight resin, adapted for easy processing of 
calendered film, sheeting and coated fabrics. Also recom- 
mended for molding and extruding operations where ex- 
cellent heat and light stability are requirements. 


A high-molecular-weight, general- 
purpose resin, ideally suited for dry-blend extrusion opera- 
tions... blended with monomeric or polymeric plasticizers, 


this resin has an extremely rapid rate of solvation. Vygen 
120 has a narrow range of particle size distribution, pro- 
ducing extrusions free of gelled particles. 


An average-molecular-weight resin 
with extremely high rate of plasticizer absorption. Allows 
a dry premix in unheated blenders, faster preblending 
cycles, and faster fluxing on open mills or in a Banbury. 
Recommended for calendering, extrusion and molding 
operations requiring high plasticizers-to-resin ratios. 


VYGEN 6035 

(COMPOUND) Approved by Under- 
writers’ Laboratories for Type T, TW, and 60°C applica- 
tions. May also be used as a primary insulation for other 
cable constructions and jacketing. 


VYGEN 6812 , 
(COMPOUND) Approved by Under- 


writers’ Laboratories for Type T, TW, 60°C, oil; and 80°C 
appliance wire applications as well as UF-NMC cable. It 
may also be used as a primary insulation for other cable 
constructions and jacketing. 


MOLDING 








EXTRUDING 





Case history ofa 
successful business in Plastics 
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Naugatuck Resin 


Condensed Catalog 


Resin Guide 


AVAILABLE CHARACTERISTICS OF FINISHED PARTS 
FORMS i wen , 





PHYSICAL CHEMICAL y ELECTRICAL 


Granular, rubber-plasticized | Tough, hard and rigid Highly resistant to | Very good di- 
resins for: Dimensionally stable over a wide | acids, aikalies and | electric qualities 
Injection | temperature range | other chemicals 
Extrusion High impact resistance 
Calendering | Easily machined 
| Can be solvent-welded 
Light in weight 
Wide range of opaque colors 








a Se a — ‘ — 


Liquid resins for impregnat- | Strong and tough Highly resistant to | Good dielectric 
ing glass or other reinforc- | Good surface hardness | most solvents, acids, | properties at all 
ing fibers for molding by: Adaptable to very large parts | bases and salts | commercial fre- 
Pressure or vacuum bag Dimensional stability 
Hand lay-up High heat resistance 
Molding compounds for Unlimited color range; translucent | Good weathering and | 
matched metal die molding | or opaque | aging qualities 





‘ vencies 
| Low water absorption | q 
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White, odorless, tasteless | May be compounded, plasticized | Highly resistant to |Have excellent 
nonhydroscopic powder res- | or unplasticized, to give the fol- | acids, alkalies, alcohol | dielectric pro- 
ins to form compounds for: | lowing properties: | Unplasticized resins | perties 
Molding Unlimited color possibilities either | are resistant to ali- |Can be com- 
Extrusion transparent or opaque | phatic hydrocarbons |pounded to 
Calendering Weather resistant meet U.L. re- 
Abrasion resistant quirements 
| Strong and tough 
Non-flammable 


Dispersion types for: 
Slush molding 
Dipping 
Spraying 
Coating 
Rotational molding 


United States Rubber 


Naugatuck Chemical Division, naucatuck, connecticut 


Rubber Chemicals * Synthetic Rubber « Plastics * Agricultural Chemicals * Reclaimed Rubber « Latices 
















Naugatuck KRALASTIC 


RESIN-RUBBER COMPOUNDS 


KRALASTIC molding and extruding compounds are 
unique combinations of thermoplastic resins and 
nitrile rubber. The result is an almost indestructible thermoplastic pipe. 
end product of exceptional strength, toughness and 
impact resistance. 

Extruded as plastic pipe, Kralastic has proved 
phenominally successful and durable in transporting 
salt water and sour crude in the oil fields; carrying 








natural gas, drinking water, corrosive chemicals, irri- 
gating water; and as money-saving, quickly-installed 
electric conduit. 





other plastic pipes. 


The new Kralastic HTHT (high temperature, high 
tensile) compound now extends the usefulness of 


Other Kralastic compounds are under develop- 
ment to meet special needs and may be ready for 
commercial use by the time you read this. We suggest 
you consult us regarding your specific requirements. 
Also write for a reprint of a recent article giving the 
results of independently conducted weathering tests 
in which Kralastic pipe proved its superiority over 

















KRALASTIC B 












DESCRIPTION 


Opaque Resin* 








SPECIAL 
FEATURES 


High impact, coupled wit 
good mechanical proper 
and exceptional flex life 
Good weatherability. 
Excellent chemical 
resistance. 






















nderwater camera cases take advantage of 
ralastic’s dimensional stability, toughness, 
ght weight, and outstanding resistance to 
alt water and most chemicals. 


All wheels and part of the housing of this 
mower are Krolastic. The drive wheels have 
internal gear teeth molded into them. 


USES 


RECOMMENDED 


Extrusion — pipes, condu' 
and shapes. 


Injection molded — pipe 
fittings, TV antenna 
brackets, gears and 
wheels, automotive sun 
visors, textile bobbins. 
Machine housings, brush 
backs, curb boxes 
(water and gas), valve 
bodies, strike brackets. 









PROPERTY 





UNIT 










Specific Gravity 
(Non-pigmented ) 


Izod Impact, / 
(Notched) 
%"x "x 















2'a"' bar ~ 
Charpy 

Impact, _ 
(Unnotched ) _ 
Flexural Strength 
Flexural Modulus 





Tensile Strength 
Tensile Modulus 
Rockwell Hardness 





aives of tough, non-corroding Kralastic 
chibit all the virtues of Kralastic pipe, 
‘oved in over 8,000 miles of installations 
approved by NSF for drinking water. 


Kralastic handles for imp ts of all kinds 
are easily cleaned, pleasant to the touch, 
permanently colored, and easily withstand 
the tremendous pressures often used in 


73°F 
32°F 

O°F 
30°F 
40°F 
73°F 
30°F 
40°F 


Heat Distortion, 264 psi 









notch 
notch 
notch 
notch 
notch 


ft. Ibs./in. 
ft. Ibs./in. 
ft. Ibs./in. 
ft. Ibs./in. 
ft. Ibs./in. 


ft. Ibs./in. 


psi 
R scale 


"v 





joining. 







**%"' x a" x 2'2"' bar 


esc 











Opa 
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n hea 
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istanc 





ery | 





nen $ 
pels, | 
brings 
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STM 
MET 





D2: 


D2 



















High impact resistance 





Extreme toughness and hardness 


Light weight: 1/2 weight of aluminum; 


1/7 weight of iron 


Non-corrosive, non-electrolytic 


Readily sawed, drilled, threaded 


Quickly solvent-welded 


Dimensionally stable over a wide 


temperature range 


Opaque built-in colors 





Light wheels, gears and pulleys 


Pipe and pipe fittings 


Durable hair combs 


Machine housings 


Textile warp tubes and bobbins 


Radio and camera 


and ports 


cases 


Football and safety helmets 


Tote boxes 


Hose nozzles and fertilizer 


injectors 








NAUGATUCK PLASTICS, Condensed Catalog, 1958-1959, Resin Guide 











K-2907 


K-2590 


KRALAC H 





KRALASTIC L 





KRALASTIC HTHT 














Opaque Resin* 


Opaque Resin* 





Opaque Resin 
in some special transparent 
colors. 


Opaque Resin* 


Opaque Resin. 
Available in black only. 








with 


per 
life 


istance 


dium impact, excellent 

chanical properties and 
ellent moldability and 

bh heat resistance; 

ellent abrasion 


resistance. 


Excellent moldability, high 
heat resistance, excellent 
mechanical properties and 
excellent abrasion 


Excellent chemical 


resistance. High heat 
resistance. Excellent 
mechanical properties. 





Excellent flow. Excellent E 


impact strength over 


wide temperature range. resistance. Good impact 
Excellent extrudability 


and formability. 


a stress. Excellent heat 








xcellent tensile and fiber 











un 


rush arious types. 





ery handles, combs, 
omotive parts, 
en's shoe heels, 

eels, pulleys, gears, 

brings, extruded shapes 


impellers, 





Combs, decorative 
cabinets, impellers, 
automotive parts, bearings, 
gears, toble ware, 
extruded shapes of 

various types. 





Automotive battery cases, 
grinding wheel centers, 

terminal blocks. 
Automotive tail lights. 





Radio cabinets, tote boxes, 


TV antenna brackets, 


fittings for polyethylene 


pipe, vacuum formed 
housings, appliance 
and industrial parts. 





water dip tubes, molded 
articles where high heat 


Pipe, pipe fittings, hot 


distortion temperature, 
high tensile, and good 
impact are needed. 








STM TEST 
METHOD 





KRALASTIC 
B 


K-2590 


KRALAC 
H 


KRALASTIC 
L 






KRALASTIC 
HTHT 









D256-56 
ch 
ch 
ch ‘ _ 
ch D2 56 
D790-49T 
D790-49T 
D638-56T 
Dé 56T 
B O785-51 
B 0645-457 


1.06 
5-9 
1.8 


0.6 
35-51 


8,000 
260,000 
5,500 
270,000 
98 


1.07 


3.5** 
1.8 
1.0 


28 


24 


11,500 
410,000 


7,500 


113 
198 


0.7 
0.4 


25 
23 


13,630 
460,000 
8,700 
400,000 
117 


203 





La" 





1.08 


0.3-0.5 
0.4 


0.6 
11-12 


16,000 
510,000 
10,000 
500,000 
122 


208 





1.04* 
5-7 
3-5 

3 


1.5-2.5 
30-45 
30-40 
30-40 
6,500 
275,00¢ 
4,000 
260,000 
92 
176 








12,000 
370,000 
8,000 
350,000 
116 

225 

























* Available in twelve standard colors, but our laboratories can match practically all opaque colors. Prices on special colors 
will be quoted depending on the pigments used. 


Naugatuck VIBRIN 


LIQUID POLYESTER RESINS 


With the aid of a catalyst, these unsaturated liquid 
polyester resins are rapidly converted to solids with 
little or no heat or pressure other than the exothermic 
heat created by their chemical reaction. Being 100% 
reactive, they evolve no gas or liquid during cure. 


Vibrin resins are used primarily with glass or other 


fibers in the form of cloth or mat to produce thermo- 
setting reinforced plastic products which are extremely 
strong and impact-resistant. 


Vibrin, reinforced with glass fibers, 
has these properties: 


Stronger per pound than steel 


Economical for large prototype 
production in small or moderate 


quantities 


Non-denting; impact-resistant 


Chemical- and weather-resistant 


Can be pigmented or painted over 


VIBRIN 115A 


VIBRIN 117 


Naugatuck is prominent as a supplier of polyester 


resins for hand lay-up molding of large parts. In the 
booming boat-building field, Naugatuck is the leading 


resin supplier. 


In addition to a wide range of resins for every type 
of molding, Naugatuck also offers Vibrin VPA parting 
agent for easy mold release, and several types of shell 
coatings to give a smooth, non-porous pigmented 
outer surface to Vibrin moldings. 


Boat hulls and deck units 
Auto and truck bodies 


Sectional swimming pools 


Translucent windows and skylights 


Chemically inert pipe 


Furniture 


Corrugated paneling 


Machine housings 


Fishing rods 


Cements and putties 


VIBRIN 121 


VIBRIN 135 


VIBRIN 15) 





TYPE 


DESCRIPTION 


Rigid, 
Heat-Resistant 
Clear, light, liquid 


polyester resin of high 
reactivity. 


General Purpose 


Clear, light, liquid 
polyester resin with 
moderate exothermic 
properties. 


Flexible 


Clear, liquid, slightly 
amber polyester resin. 


High-Heat 
Resistant 


Clear, liquid triallyl 
cyanurate polyester 
resin. 


Resilient 


Clear, liquid polyes 
resin providing hig’ 
resilience. 





SPECIAL 
FEATURES 


Resistant to distortion 
and degradation at 
high temperatures. 
Superior chemical 
resistance. 

Good translucency 
with glass fibers. 
Excellent laminate 
mechanical properties. 
Light color. 
Approved under 
MIL-R-7575A, 

Types |, Il, and Ill. 


Low exotherm. 
Good translucency 
with glass fibers. 
Air cure. 

Light color. 
Approved under 
MIL-R-7575A, 
Types I, Il, and Ill. 


Cures to a flexible 
thermoset solid and 
will increase the 
toughness of rigid 
VIBRINS. 


High strength retention 
at 500°F. Short term 
exposure at higher 
temperatures. 
Approved under 
Military Spec. 

MIL-R- 25042. 


Elongates 5°%/,. Ho 
outstanding tough" 
and impact streng" 





&tECOMMENDED 
YSES 





Making hand lay-up 
molds. 

Matched metal die 
molding. 


Laminating 





General fabrication 
using hand lay-up, 
vacuum and pressure 
bag or matched die 
molding methods. 





Combination with rigid 
VIBRINS to increase 
toughness and 
flexibility and for 
producing flexible 
thermoset laminates 
or castings. 





Aircraft, missiles, jets, 
radomes, heat 
resistant parts. High 
temperature electrical 
parts 





Impact-resis 
products. Pr: ssu’ 
bag, vacuun 
hand-lay-uf 
and patchin 





Complete freedom of hull design, exceptional resistance to dam- 
age of any king, ease, speed, and economy of production have 
helped make Vibrin boating’s most widely used resin. 


VIBRIN 152 


VIBRIN 152-LS-4 


Glass fibers 


imbedded in brightly 
pigmented Vibrin 
give distinctive 
textural beauty to 
this decorator bowl. 


VIBRIN 157 


VIBRIN X-1088B 


Panels of reinforced Vibrin polyester are light in 
weight, rustproof, rotproof, shatterproof, permit 
infinite variety of pleasing, colorful patterns in 
newly perfected sandwich construction. 


VIBRIN X-1098 


SHELL COATING 





dium Viscosity 
neral purpose 


edium viscosity, 
eneral purpose 
yester resin. 


Light-Stabilized 


Medium viscosity 
liquid polyester resin 
stabilized to prevent 
light discoloration. 


Hand Lay-up 
Boat Resin 


Thixotropic, pink 
opalescent polyester 
resin containing 
promoter. 


Minimum Shrinkage 
Potting Resin 


Clear amber 
polyester resin 
containing promoter 


Hand Lay-up 
Resin 


Medium-low viscosity 
pink, clear polyester 
resin containing 
promoter 


Surfacing Resin 


Natural or white 
pigmented resins 
Colored shellicoats 
made to order 





jlass fiber 
aximum 

y 

under 

eC 

5A, 

Hl 

jth and 


rical 


Shows minimum 
surface erosion and 
change in color from 
sunlight and weather 
exposure. 


Fast cycle time to 
full cure 

Low shrinkage and 
warpage. 

Low heat build-up 
in thin and medium 
sections. 

Reduced odor. 
Minimum catalyst 
requirements. 


Minimum exotherm 
and shrinkage. 
Ready to use after 
catalyst addition. 


Fast cure with 
minimum heat 
build-up. 

Tack-free air cure 
Low amount of 
catalyst required. 
Rapid wetting of glass 
fiber reinforcement. 


Impact resistant 
Excellent aging 
Prevents fiber show 
through 

Does not crack or 
craze on aging 





ibrication 
lay-up, 

d pressure 
tched die 
ethods. 





Flat or corrugated 
panels for colorful 
outdoor and 


architectural purposes. 





Designed for fast 
production cycle 
required by the boat 
industry 

Hand lay-up, room 
temperature curing 
applications, such as 


boats, pools and tanks. 





Potting, encapsulating, 
cements, where 
minimum stress build- 
up is important. 





Hand lay-up, room 
temperature cure 
applications, such as 
boats, pools and 
tanks. 





Surfacing resin laye 
for molded products 









Naugatuck MARVINOL 


POLYVINYL CHLORIDE RESINS 


Polyvinyl chloride resins and their host of 
varied uses are well known to the indus 
try. As a major supplier of vinyl resins, 
Naugatuck is constantly developing addi- 
tional Marvinol resins, of high, medium 
and low molecular weights, with specific 
processing and end-product qualities. 
The 12 Marvinol resins listed below 
constitute what is probably the most ex- 
tensive line of straight PVC resins avail- 
able for calendering, etc., from any one 
manufacturer. Of these, VR-22 and VR-23 





electrical grade extrusion resins have 
Underwriters’ Laboratories Inc. approval. 
Marvinol VR-24 is used in semi-rigid insu- 
lation for low-voltage communications 
wiring insulation where UL approval is not 
required. 

Particularly outstanding in the Marvinol 
line are the new resins VR-50 and VR-5I 
recommended for plastisol and organosol 
applications, since Naugatuck has taken 
the lead in developing outstanding rheo- 
logical characteristics in these resins. 







Wire and cable insulation of Marvino! cor 
be permanently color-coded, has excellen 
electrical properties, and resists atmos 
pheric deterioration. 






Description 


MARVINOL VR-10 


Modifying resin for 
plastisol compounding. 


MARVINOL VR-12 


Specialty calendering 
and extrusion resin. 


MARVINOL VR-22 


Electrical grade, hot, dry 
blend resin for extrusion. 





MARVINOL VR-2 









Electrical grade, easy 
processing, hot, dry bles 
resin for extrusion and 

calendering. 









Special Features 


High molecular weight 
resin for modifying 
plastisol formulations. 
Imparts dryness of hand 
(dullness), maintains 

high physical properties, 
produces lower Brookfield 
viscosities, promotes 

good air release in slush 
and rotational molding 
plastisol compounds. 


Used in blown film 
formulations for high 
physicals and speeds. 





High molecular weight 
straight PVC resin for 
imparting special qualities 
of dry hand (duliness) 
coupled with excellent 
physical properties. 
Demonstrates fast milling 
and Banbury mix 
characteristics together with 
high premix densities in 
plasticized formulations. 


Has outstanding high- 
speed extrusion properties 
permitting close 

dimensional tolerances. 


% 















Medium-high molecular 
weight with high 

bulk density for large 
Banbury charges. Excellent 
mixing cycles for hot, dry 
blend extrusion. Possesses 
excellent electrical 
properties and is approved 
by Underwriters’ 
Laboratories, Inc. for 
electrical applications. 
Inherent heat stability. 


Medium molecular 
weight with high bulk 
density for large 
Banbury loadings. Fast 
extrusion rates at low 
power consumption from 
dry blends or compounds 
Superior electrical 
properties approved by 
Underwriters’ Laborator4 
Inc. for electrical 
applications with excelle 
heat stability. 













sin Properties 

ecific Viscosity—Ave. 

erage Apparent Density 
lbs./cu. ft. 

erage Particle Size, microns 
etone Solubility 

ecific Gravity 

e. ASTM Oil Absorption 





28 


20 
1.40 
0.63 


25 


20 
1.40 


0.44 


29 

30 

25 
1.40 


0.38 


30 

27 

40 
1.40 
















ompound Properties* 
. (100 parts resin, 
50 parts DOP) 

ore ‘A’ Hardness 
ensile Strength, psi 
Itimate Elongation, %/, 
10% Modulus, psi 
ar Strength, Ibs./in. 








82 
2900 
340 
1475 
480 


82 
2900 
340 
1475 
480 





80 
2800 
340 
1500 





79 
2600 
320 
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boats 


Slush molded products of Marvinol can 
be attractively clear or colored, resist 
abrasion, flex-cracking, chemical 


attack. 





MARVINOL VR-24 


Easy processing, 
calendering and extrusion 
resin. 


MARVINOL VR-25 


Low molecular weight 
processing-aid resin. 


ools and tanks. 





Marine bilge pumps demonstrate how products of Marvinol 
vinyl resins are completely unaffected by salt water, oil, 
gasoline, most chemicals. Barrel and plunger rod are 
extruded; handle, valve, spout, and plunger are injection 
molded. Extension hose is plastisol covered. 


MARVINOL VR-26 MARVINOL VR-31 


Very low molecular weight 
processing-aid resin. 


Cold, dry premix resin for 
calendered film, sheeting 
and coated fabrics. 


Distinct 


MARVINOL VR-33 


Cold, dry premix resin for 
calendered film sheeting 
and coated fabrics. 


Marvinol v 
compound 
having the 


@ Extrem 
trans 
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@ Light w 

@ Strengt 
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Medium-low molecular 
weight straight PVC. 
Very high bulk density, 
valuable processing 
characteristics in semi-rigid 
calender formulations. 
Wiih higher molecular 
weight resins acts as a 
processing aid. 

Useful in rigid 

and semi-rigid wire 
extrusion compounds. 


Low molecular weight 
straight PVC resin ideally 
suited for: 


A. An additive in vinyl- 
asbestos flooring 
formulations. 


B. Injection molding 
of unmodified rigid 
PVC applications as 
well as homogeneous 
floor tile. 


Lowest molecular weight 
straight PVC resin 
commercially availabe. 
Wide application with 
vinyl acetate copolymers 
in asbestos flooring and 
phonograph records. 

Very low processing 
temperatures and excellent 
heat stability. 


Medium-high molecular 
weight. Gives cold, dry 
premixes. 





Leaves mixers clean 
and minimizes clean-out 
problems. 


Excellent for the 
calendering of film, sheeting 
and coated fabrics. 


Medium molecular 
weight, cold, dry pre- 


mixing resin. 


Leaves mixers clean 
and minimizes clean-out 


problems. 


Excellent for calendered 
inflatable film, for 
sheeting and for coated 
fabrics. Excellent 
heat-sealing properties 


Produces outstanding 
injection-molding 











compounds. 
0.30 0.25 0.20 0.44 0.37 
34 38 38 21 21 
25 25 29 14 15 
51 62 70 31 46 
1.40 1.40 1.40 1.40 1.40 
0.61 0.53 0.5 1.65 1.65 
77 75 73 80 78 
2200 1400 1200 2800 2800 
270 250 230 360 350 
1300 1200 1050 1425 1450 
370 280 200 460 410 





*Compound properties shown in the table above have been tested on the same equipment. Comparison w 
manufacturers can be very misleading since values obtained on different equipment may vary widely eve: 











Distinctive Properties: Major Use 
Marvinol vinyls may be @ Upholstery fabrics 
compounded to yield products @ @Gieilices bese 
having these properties: 

@ Extreme versatility — from © Foamed viny! sponge 
transparent film to opaque @ Drapes and shower cu 
rigidity and hardness @ Doll bodies and toys 

@ Light weight @ Wire insulation 

@ Strength and toughness © Leather-like luggage 

@ Inert to most chemicals handbags 

@ Excellent electrical properties @ Pipe and tubing 

@ Resistance to weathering and @ Floor tile 
abrasion : 

@ Laminates 

@ Flame resistance 












fabrics. Excellent 
heat-sealing properties. 


Produces outstanding 
injection-molding 
compounds. 


an outstanding easier- 


processing resin is required. 


and dipping. 


Very useful in organisols 
and modified plastisols. 


2 TRI ne Ee e ne ee 
-31 MARVINOL VR-33 MARVINOL VR-34 MARVINOL VR-50 MAR\ 
in for Cold, dry premix resin for Easy processing, cold, E General purpose, plastisol Special 
eting calendered film sheeting dry premix resin for & resin, outstanding for resin for 
and coated fabrics. calendered film, sheeting high-shear applications. applicati 
and coated fabrics. F 
lar Medium molecular Medium-low molecular Stirs readily into Readily st 
dry weight, cold, dry pre- weight, cold, dry plasticizers to form plasticize 
mixing resin. premixing resin. plastisols showing very plastisols 
Leaves mixers clean Minimizes mixer clean-outs. low Weeneny, particularly by low Br 
= Gnd atin deen at high shear rates. viscosity « 
- Mills and Banburys rapidly. ete velens 
problems. Excellent for: 
Used for calendering film spread coating Excellent 
Excellent for calendered : . . : F a; 
’ ; ; for inflatables, sheeting film casting rotational 
sheeting inflatable film, for ont casted tien deen 4 a del 
sheeting and for coated sprayer ceamngs oa ee 

















0.37 0.34 ‘ 0.50 
B 

21 21 E 15 

15 16 1.7 
46 48 22 

1.40 1.40 1.40 

1.65 1.60 

Physical Properties 
78 78 6 mil Film, Fused at 380° F 
2800 2400 (100 parts VR-50, 66.6 parts [ 
350 320 VR-50 
1450 1350 ae 
410 400 Tensile, psi 2700 
Elongation, °/, 280 











ve equipment. Comparison with similar figures on resins of other 


pment may vary widely even though the same methods are used. 


100% Modulus, psi 1300 


sponge 


ower curtains 


d toys 


ggage and 


MARVINOL VR-51 


Special purpose plastisol 
resin for low-shear 
applications and foams. 


Readily stirred into 
plasticizers to form 
plastisols characterized 
by low Brookfield 
viscosity and outstanding 
air release. 


Excellent for slush and 
rotational moldings, open 
and closed cell vinyl foam. 


80°F 
).6 parts DOP) 
VR-51 
2400 
250 
1200 





VINYL-TO-METAL LA 


The Marvibond process, developed 
and patented by Naugatuck, is a tech- 
nique for laminating a specially form- 
ulated semi-rigid Marvinol vinyl film 


or sheeting to almost any kind of sheet 


metal on a continuous basis. The vinyl 
provides a permanent, durable and 
rich-looking finish while the metal sup- 
plies structural strength. 


Sweating glasses and spilled 

will never mar the smart bea 
this hostess cart’s Marvibo 
vinyl surfaces. 





























k MARVIBOND* 


L LAMINATING PROCESS 


loped Marvibond laminates can be em- ArT 
1 tech- bossed, sheared, drawn, drilled or 
form- crimped using standard metalworking 
| film equipment. The items shown below 


sheet only begin to suggest the product 


» vinyl possibilities. Marvibond laminates are Pol 
e and available from a number of lami- otys¢ 
1] sup- nators. Write us for the current list of 


Marvibond licensees. 


Tono 


U. 3. Pat. No, 2.728, 70% 


d spilled drinks 
mart beauty of : 
Marvibonded Celo 


Celoc 





This Marvibonded portable TV case 
will withstand plenty of use and 
abuse without losing its stylish good 
looks. 


Expert tech 
Naugatuck 
your proble 
men at our 


Beauty and utility are combined in 
this picnic jug and ice chest formed 
from Marvibonded laminates. 


Rubbe 


General Sal 


BRANCH 


Boston .. .P. 
New York... 
Philadeiphic 
Gastonia, N 
Akron... Pilg 
Chicago... 4 
Los Angeles 
Memphis... 
Canada...N 



















Products 


for the Plastic Industry 


Polygard® 


an excellent heat stabilizer for high-impact polystyrene and other 
rubber reinforced plastics. 


Tonox-PL 


an aromatic diamine curing agent for epoxy resins. Imparts high 
heat distortion, excellent chemical resistance, and good electrical 
properties at low cost. 


Celogen® 
Celogen-AZ® 


blowing agents for polyethylene, polyvinyl chloride, and 
epoxies. For lightness, buoyancy, thermal insulation, and im- 
proved electrical properties. 


Naugatuck Technical Service 


Expert technical assistance in the selection, formulation and application of all 
Naugatuck resins is available from any of the branch offices listed below. If 
your problem is complex, it will be referred to our research and development 
men at our Naugatuck laboratories. 


United States Rubber 


Naugatuck Chemical Division, naucatuck, connecticut 


Rubber Chemicals * Synthetic Rubber « Plastics * Agricultural Chemicals * Reclaimed Rubber « Latices 





General Sales Office... Naugatuck, Connecticut... .Tel. Park 9-5241 


BRANCH OFFICES: 


Boston ... P.O. Box 2116...Tel. Davis 6-6000 

New York ...1230 Avenue of the Americas...Tel. Circle 7-5000 

Philadelphia... Fifth and Locust Streets ...Tel. Walnut 5-7445 

Gastonia, N.C....214 West Ruby Avenue...Tel. University 4-341! 

Akron... Pilgrim Square, 9 Overwood Rd. at West Market...Tel. University 4-2145 
Chicago... 4135 South Pulaski Road...Tel. Cliffside 4-5700 

Los Angeles ... 590! Telegraph Road... .Tel. Raymond 3-117! 

Memphis...1480 North Thomas Street ...Tel. Jackson 7-24II 
Canada...Naugatuck Chemicals... Elmira, Ontario...Tel. Mohawk 9-5466 


758 -40M 
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0 G FOR 
Rb PHENOLIC RESINS? 


TURN TO ROI, 
PLYOPHENS 


For the phenolic resins you need 
in your bonding, laminating, 
impregnating or casting 
operations, it’s good business 

to go direct to RCI...a proven 
source for dependable, high 
quality liquid and powdered 
phenolics carefully formulated 
to meet specific production 
requirements. 














For full information on how 
RCI PLYOPHENS can best serve 
your individual needs, clip 
and mail the check list below. 





There’s an RCI PLYOPHEN for 
Every Major Application! 


J Brake Linings [| Gear Stock 


Resinoid Rolled 
Grinding Wheels Tubing 
Wood Waste Insulation 
Molding Bonding 
Decorative Lami- Plastic Faced 
nate Core Stock Plywood 


[] Casting [] Shell Molds 


Hot 
C] Punching Stock [| Shell Cores 


Cold Surface 
Punching Stock Coating 


Please send me full technical information on 
the use of RCI PLYOPHEN Phenolic Resins for 
the applications | have indicated at left. 





My name is 





lam 





CTITLE) 
of the company indicated on this letterhead. 


REICHHOLD 


Synthetic Resins ¢ Chemical Colors « Industrial Adhesives « Phenol 
Hydrochloric Acid « Formaldehyde ¢ Glycerine « Phthalic Anhydride 
Maleic Anhydride « Sebacic Acid * Ortho-Phenylphenol « Sodium Sulfite 
Pentaerythritol « Pentachlorophenol ¢ Sodium Pentachlorophenate 

Sulfuric Acid « Methanol 


Creative Chemistry ... Your Partner in Progress 


REICHHOLD CHEMICALS, INC., 
RCI BUILDING, WHITE PLAINS, N.Y. 
















TENE WENT TEN) 7 


PROPIONATE 


BUTYRAT E& 


PROPERTIES: Extremely tough, 
excellent impact strength, resilient, 
lightweight, lustrous, weather re- 
sistant, dimensionally stable. Avail- 
able in a wide variety of formula- 
tions and an almost unlimited range 
of transparent, translucent, opaque, 
metallic and variegated colors plus 
a crystal-like clear. 


Adapted to fast injection mold- 


ing or continuous extrusion. 


TYPICAL USES: Steering wheels, 
telephone housings, business ma- 
chine keys, optical frames, tool 
handles, football helmets, indus- 
trial pipe, skin and blister packag- 
ing, outdoor signs. 








PROPERTIES: A cellulosic with 
physical properties that, in gen- 
eral, range between those of Ace- 
tate and Butyrate. Available in a 
variety of formulations and a wide 
range of clear and opaque colors. 

Adapted to fast injection mold- 
ing or continuous extrusion. 


TYPICAL Uses: Telephone hous- 
ings, handles, packaging sleeves, 
cosmetic cases, pen and pencil bar- 
rels, jewelry cases. 


ACETAT & 


PROPERTIES: The original Tenite 
plastic, offering a wide range of 
desirable properties including 
toughness, light weight, impact 
strength, enduring luster and low 
heat conductivity. Available in a 
variety of formulations and almost 
unlimited colors. 

Adapted to fast injection mold- 
ing or continuous extrusion. 


TYPICAL USES: Shoe heels, small 
appliance housings and parts, 
toothbrush and other tubular con- 
tainers, toys, novelties, lamp 
shades, vacuum cleaner parts. 
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POLYETHYLENE 





PROPERTIES: Flexible or semi- 
rigid, virtually unbreakable, chem- 
ically inert, resistant to water and 
moisture transmission and to strong 
acids, excellent electric insulator. 
Available in natural or wide range 
of colors and color concentrates, 
with or without an antioxidant. 

Adapted to rapid injection mold- 
ing, blow molding, or continuous 
extrusion. 


TYPICAL USES: Housewares, toys, 
bottles, packaging film, pipe and 
tubing, electric cable wrap and 
wire coating, coatings for paper, 
film and foil. 

















VERSATILE 
TENITE PLASTICS 


TOUGH 

DURABLE 

GLOSSY FINISH 
INFINITE COLOR RANGE 


For a colorful thermoplastic with long service life, consider the 
combination of properties offered by each of the four Tenite plastics 
— Butyrate, Propionate, Acetate and Polyethylene. Almost 40,000 
different color formulations and samples already are on file in 

the Tenite Color Laboratory. Whether your plastic application is 
for indoor or outdoor use, there’s a Tenite formulation to meet 

your design needs...to satisfy your performance requirements 


«to suit your manufacturing facilities. 


TENITE REPRESENTATIVES are qualified plastics engineers ready to help in the 
design or production of plastic products. You'll find them listed under “Plastics — 
Tenite” in the classified telephone directories of the following cities: Atlanta, Chicago, 


Cleveland, Dayton, Detroit, Houston, Kansas City, Leominster (Mass.), Los Angeles, 


EASTMAN CHEMICAL PRODUCTS, INC. 
subsidiary of Eastman Kodak Company, KINGSPORT, TENNESSEE 












New York City, Portland (Ore.), Rochester (N. Y.), St. Louis, San Francisco, Seattle, Toronto., 








ESCAMBIA PVC 

RESINS MEAN 
| MORE PROFIT 
_ FOR YOU 


Outstanding product advantages to help you satisfy present 
customers—sell new ones. 
Production benefits to save you money—increase your profits. 








ESCAMBIA 
PVC PEARLS 


A unique new polymer characterized by large, uniform 
particle size and COMPLETE FREEDOM FROM FINES. : 
Their extraordinary capacity to absorb unusually Conventional PVC Escambia PVC Pearls 
large amounts of plasticizer gives you UNIFORM AND FREE (Each magnified 20 times) 
FLOWING DRY BLENDS at high plasticizer levels. 

EXCEPTIONAL HEAT STABILITY enables you to extrude medical tubing and other critical non-toxic 
applications with no metallic stabilizers from a dry blend. Here are some processing 

advantages you get with these resins: Very low gel count, excellent color and clarity, dust-free 

handling, extremely fast dry blend flow properties, and fast extrusion rates. ESCAMBIA PVC PEARLS 
are manufactured in four molecular weights covering all general purpose and many specific applications. 





ESCAM BIA INSULATION RESISTANCE IN WATER AT 50°C 
ELECTRI CAL GRADE NO. 14 WIRE, 1/32" INSULATION 
PVC RESINS 


FOUR electrical grade PVC resins in this series give you a full 
range of molecular weights from ONE manufacturer—enable you to: 
e Meet your most difficult specifications 
e Operate at your most efficient speeds and temperatures 
e Produce outstanding electrical products 
You are now able to choose the molecular weight best suited 
to your own operating conditions. These resins give you 
free-flowing dry blends, extremely low gel count, freedom from 
fines, uniform particle size, excellent color and clarity 
and outstanding insulation resistance. 


| 
| | 
ESCAMBIA PVC 1250-€ th 


- +——__+4+—__-__+--___+__— 


-1000 FEET 


POUND A-BLACK 


+—__—_—_+—___—_-+ 


+ a ns 


INSULATION RESISTANCE -MEGOHMS 





ESCAMBIA GENERAL PURPOSE PVC RESINS 


These general purpose PVC resins deliver money saving benefits to your plant 


e Free-flowing dry blends e Uniform particle size 
e Extremely low gel count e Freedom from fines 
e Excellent color and clarity e Outstanding heat stability 


This series is manufactured in four molecular weights 


HELP YOURSELF TO THE PROFIT-MAKING ADVANTAGES YOU GET FROM THESE RESINS 
Write or Call for samples and specifications 


ES CAMSBI!IA CHEMICAL 
Cc Oo R P oO R A T I oO N 

261 MADISON AVENUE . NEW YORK 16. N. Y. 

NEW YORK TELEP :;ONE + OXFORD 7-4315 





MANUFACTURERS OF: ESCAMBIA P V C PEARLS*/ ESCAMBIA PVC RESINS /BAY-SOL* (NITROGEN SOLUTIONS) / AMMO-NITE* 
' (PRILLED AMMONIUM NITRATE FERTILIZER) / ANHYDROUS AMMONIA / AMMONIA/ NITRIC ACID / METHANOL 
*TRADEMARKS OF ESCAMBIA CHEMICAL CORPORATION 
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Packaging Notes 


Polyethylene Bottle Closure with expand- 
able plug is designed to prevent move- 
ment and breakage of pills during 
shipping and use. The patented closure 
replaces the cotton pad or paper insert 
ordinarily used with tablet containers. 

The polyethylene insert is constructed 
to double up when the cap is screwed 
onto a full bottle. As pills are used, 
the insert expands and holds the pills in 
place. The expandable closure is said 
to be more hygienic than cotton plugs 
since it is never touched in use. 





New polyethylene bottle closure employs flexible 
insert, left, which snaps into screw cap, holds 


tablets in place even when bottle is half empty. 


New Surface Treatment For Polyethylene 
ises fluorine to make poly bottles and 
containers substantially impermeable to 
gases and volatile chemicals. The fluo- 
rination process may make possible 
polyethylene packaging of such items 
as liquid cosmetics, aromatic solvents, 
oils and aerosol formulations. 

In this process, film or bottles are 
washed free of foreign matter and 
brought in contact with pure fluorine 
or a fluorine gas mixture at room tem- 
perature up to 50°C. In a typical test, 
loss of a volatile liquid was claimed to 
be reduced from 5.67% in an untreated 
bottle to .05% in a fluorinated bottle. 


Two New Decorative Coatings for poly- 
ethylene have been announced. One is 
new process for vacuum-metallizing. 
Brilliant coatings result, with excellent 
dhesion even on such items as squeeze 
ottles. Aleohol-proof top coats can be 
ipplied by the same method. 
Another manufacturer has introduced 
he first adhesive for flocking poly- 
thylene. The new adhesive makes it 
ossible to apply a velour coating to 
heet or molded products. It can be used 
packaging cosmetics and gift items 
ich as silverware. 


Heat Seal Booklet contains 40 graphs 
howing how time, temperature, melt 
dex, slip agents and resin density 
ffect heat sealing of polyethylene film. 
or free copies of this booklet, write to 
S.I. for “Heat Seal Characteristics 
f Polyethylene Film.” 


U.S.I. Announces Crystal-Clear Poly Film 
Produced by Cast-Film Process 


Cast PETROTHENE® Film Has Top Transparency and Gloss 


A crystal-clear polyethylene film, made by a conventional processing 
technique adapted to polyethylene film production, was introduced by 
U.S.I. at the 1958 National Packaging Exposition in New York. The 
film, made from a U.S.I. PETROTHENE resin, has a level of transparency 
and gloss unprecedented in polyethylene film. 


The production method, called cast- 
ing, employs equipment typical of the 
extrusion coating industry. In the proc- 
ess polyethylene is extruded and drawn 
or cast across a highly polished chrome- 
plated roll. This casting step greatly im- 
proves the optical characteristics of the 
film. This production method also re- 
duces formation of haze-producing crys- 
tals in the matrix of the polyethylene 
by providing for immediate and even 
quenching. This further contributes to 
improved clarity. 

Extensive research at U.S.I.’s techni- 
cal service laboratory indicated that a 
moderately high density resin would be 
required to strike a balance between 
properties which promote clarity and 
those promoting strength. PETROTHENE 
205—with a density of 0.924, melt index 
of 3.0, and excellent draw-down proper- 
ties—was selected. 


Production Costs About Equal 


Although the equipment needed for 
making cast film is initially more ex- 
pensive, production costs appear to be 
competitive with those for conventional 
extruded film. Production speed for cast 
film is the same or greater than for 
other film producing processes. 


Nitrogen Blanketing Aids 
Polyethylene Processing 


Nitrogen blanketing of polyethylene ex- 
truder feed helps overcome gels, fish- 
eyes, dark spots and other problems 
caused by polyethylene oxidation. 

The procedure was developed at 
U.S.I1.’s technical service laboratory at 
Tuscola, Ill. It is based on the idea of 
excluding oxygen by maintaining an 
inert gas blanket over the resin enter- 
ing and inside the machine. 

According to Ralph Knight, Manager 
of U.S.1.’s PETROTHENE Technical Serv- 
ice Department, as a further refinement, 
inert gas also can be used to blanket the 
molten polyethylene as it leaves the ex- 
truder in order to reduce build-up of 
oxidized material on the die lips of the 
extruder. The same principle is appli- 
cable to other polyethylene processing 
methods, such as molding. 


MIRROR IMAGE? No, but the excellent clarity 
and gloss of cast PETROTHENE film make it 
almost believable. It’s all done with twins 


Production on laboratory-scale equip 
ment indicates that careful control of 
die temperature and size of die opening 
is necessary to assure gauge uniformity. 
However, with proper operating condi- 
tions and careful choice of resin, the re- 
sulting film has adequate toughness 
along with its phenomenal clarity. 
Widespread application in the packag- 
ing industry — where clarity is often 
a prime consideration — is expected. 


Coffee Plants Grown 
in Black Poly Bags 


A promising new use for black poly- 
ethylene film is reported from Central 
America. Black poly bags filled with fer- 
tilized soil are being used to grow coffee 
plants in Guatemala. The film acts asa 
combination flower pot and mulch. 
According to the report, when plants 
are grown in polyethylene bags, they 
can be brought to transplanting size in 
nine months instead of the 18 months 
formerly required. In 1957, approxi- 


mately seven million polyethylene bags 
were used in Guatemala. 
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... and Clarity is only one of the advan- 
tages offered by PETROTHENE Resins - - 


PETROTHENE polyethylene resins permit you to offer 
your customers film with the characteristic toughness 
of polyethylene, plus clarity and gloss in the same range 
as conventional transparent packaging materials. And 
at the traditionally low cost of ordinary polyethylene, 
PETROTHENE resins give you these extra advantages: 


Improved Toughness/Clarity Ratio 


As you know, the more toughness you require in poly- 
ethylene film, the less clarity you can expect. With clear 
PETROTHENE resins, however, you get a more favorable 
toughness/clarity ratio than with ordinary polyethy- 
lenes. For example, at the same level of toughness, 
PETROTHENE resins offer a higher degree of clarity; at 
equal clarity, PETROTHENE resins have more toughness. 
In addition, PETROTHENE resins offer you a complete 
range of variations in toughness and clarity to suit any 
end use your customers specify. 


Unusually Good Draw-down 


You can draw some PETROTHENE resins down to 0.2 mil. 
While few commercial applications require gauges as 
thin as this, the figure indicates the margin of safety 
which PETROTHENE resins give you at conventional 
thicknesses. PETROTHENE resins can also be extruded 
into thicker film or sheet. 


VISIBILITY 
UNLIMITED 














Hold up a film made from U.S.|. PETROTHENE polyethylene 
and look at any distant object through it. Then do the same 
with any other polyethylene film of similar thickness. This 
simple test will demonstrate the outstanding transparency 
of film made from PETROTHENE polyethylene resins. 


U.S.I. technical representatives will be glad to work with you 
to obtain the best possible film properties and production 
rates with PETROTHENE resins. For sample or information on 
PETROTHENE resins, write to: 





DUSTRIAL CHEMICALS CO. 


Division of National Distillers and Chemical Corp. 
99 Park Ave., New York 16, N. Y. 
Branches in principal cities 


PAPER 


WIRE A 


INJECT 


BOTTLI 


THERM 














FILM EXTRUSION—— 


recommended 
PETROTHENE 
APPLICATION RESINS 
GARMENT BAGS 


— 0470075 = ———sHigh draw-down, good clarity, high gloss, resistance to blocking, good slip. _____ 207, 239 

SOFT-GOODS BAGS 0,75 to ___High draw-down, high clarity, good gloss, resistance to blocking, good slip. ____. 206, 207 

PRODUCE BAGS 5 he : ‘ 
SMALL a © 


———— Moderate toughness, clarity, gloss, resistance to blocking, good slip. ____ y 
LARGE 210 
200, 


GAUGE (mil) ESSENTIAL PROPERTIES 


Higher toughness, fair clarity, gloss, resistance to blocking, good slip. _.._.__._._ 
CHEMICAL PACKAGING BAGS Toughness, resistance to blocking, good slip. 
Extreme toughness. 








(cast and quegched) 
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PIPE EXTRUSION 




















CALENDERING 


PETROTHENE TYPES RECOMMENDED .., 
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FORM: Solid cubes approximately 1” on a side 

COLOR: All PETROTHENE types are available in various colors as well as natural 

PACKAGING: Polyethylene coated multi-wall bags net weight 50 Ibs. 1500 Ibs 
and 9000 Ibs. U.S. Rubber Sealdbins. Palietized shipments upon request 

MINIMUM ORDER: 50 Ibs 

TERMS: Net 30 days 

AVAILABILITY: Warehouse stocks are maintained in most major processing areas 
U.S. 1. Sales Office will give you detailed information on delivery dates 


NDUSTRIAL CHEMICALS CO. 


Your nearest 


TECHNICAL SERVICE: For technical assistance contact your nearest U.S.1 


Sales Office 


Division of National Distillers and Chemical Corp 
99 Park Ave., New York 16, N. Y. 
Branches in principal cities 
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WHEN YOU SHUT 
WITH A PETROTHENE® RESIN PURGE 


If you extrude or injection-mold polyethylene, you no 
longer have to put up with rejects or costly scrap when 
you start up a cold machine. Feeding U.S.I.’s new 
PETROTHENE” 205-1 special ‘‘Shut-Down” polyethylene 
resin to the machine a few minutes before shut-down 
minimizes production losses on start-up. 

With PETROTHENE" 205-1, such problems as gels, 
fish-eves, off-color, and other resin deterioration 
signs that often show up for hours after start-up 
will be remarkably decreased. That’s because it has 
been specially prepared to withstand prolonged 
exposure to high temperature. Thermal degrada- 
tion is inhibited when 205-1 is held in the machine 
during cooling and heating periods that follow 
halts in production. 


60 


This special resin is simple to use. A few minutes 
before shut-down, it is fed to the machine until the 
normal resin has been purged. Since production at 
start-up is often usable, there is little or no waste. 
PETROTHENE" form, 


205-1 is supplied in pellet 


packed in 50-lb. bags. 


For more complete details on how you can reduce 
post-start-up scrap with this special shut-down 


resin, contact vour nearest U.S.I. office, or write: 


USTRIAL CHEMICALS CO. 
Division of National Distillers and Chemical Corp. 
99 Park Ave., New York 16, N. Y. 

Branches in principal cities 
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applications: 


For long service life and the utmost in reliability, products of TeEFLon TFE-fluorocarbon 
resins are used in wire and cable insulation; electronic components; gaskets, packings, 
and other parts of chemical processing equipment; bearings, seals, and other mechanical 


components; flexible hose; lined pipe; and many other industrial applications. 


l'erLon TFE resins can help you design a better product. They can help save you or your 
customers money through reduced maintenance, lowered replacement costs, and less 
downtime (with resulting greater productive capacity). In many instances, they can 


simplify manufacture and installation. 


The long, uninterrupted service provided by insulation of TFE resins in electrical equip- 
ment, for example .. . or by gaskets made of TFE resins in chemical processing equip- 
ment... gives cost savings which outweigh the initial investment by many, many times. 


An important advantage of wire insulation of TEFLON TFE resins is their heat-resistance. In the photograph 
shown here, other wire insulations soften, melt, and finally char...while the TFE resin is unaffected. 
This means that harnesses and other wire assemblies insulated with TEFLON TFE resins can be soldered with- 
out damage to the insulation. Eliminates rejects . .. assures reliability. 





ite for additional data 
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Good examples of the design possibilities offered 
by TFE resins are these miniature coils. Thanks 
to insulation of TEFLON TFE resin, these coils 
pack more power into a tiny space, because of 
the outstanding dielectric and thermal proper- 
ties of the resin. 
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Wire insulation of TEFLON TFE resin reduces 
danger of short circuits in this complex assembly. 
Fraying and failure of insulation at bends has 
been eliminated. The high dielectric strength of 
the TEFLON TFE resin has permitted use of wires 
of exceptionally small outer diameters. 


An insulating layer of TEFLON TFE resin in this 
TV transmitter switch permits the switch to be 
used at new FCC-authorized power and frequen- 
cies... 55,000 watts and 1,000 megacycles. The 
insulation formerly used was inadequate for the 


description: 


TEFLON is the Du Pont Company’s registered trade- 
mark for its fluorocarbon resins, including TFE 
(tetrafluoroethylene) resins. These resins offer a 
unique combination of resistance to attack by chemi- 
cals and solvents, stability at high temperatures, 
unsurpassed dielectric properties, toughness and 
flexibility at low temperatures, and low-friction 


characteristics. 


TEFLON TFE-fluorocarbon resins are supplied by the 
PI 

Du Pont Polychemicals Department as: molding 

| g 
powders, extrusion powders, and aqueous disper- 
sions. These resins are converted into molded 
articles. coated wire. sheets, rods, tubes. tape. coated 
and impregnated fabrics, etc., by a number of 


manufacturers. 


Stock shapes of TFE resins, such as sheets, rods, 
tubes. and tape are available commercially. for use 


in the machining and forming of end-use articles. 


Moldings and extrusions of virgin, unmodified TFE 
resins are white solids with slippery surfaces. Rein- 
forced compositions are supplied in which TFE 
resins are compounded with such additives as glass 
fibers, graphite. and powdered metals, to enhance 
certain mechanical properties. Pigments can also be 
added for use in products requiring color identifica- 
tion. 


properties: 


TFE resins have outstanding electrical insulating 
properties, which remain essentially constant regard- 
less of temperature, frequency, or humidity. The 
electrical and related properties of TFE resins are 
particularly useful where any of these conditions aré 


involved: high frequencies. high temperatures, long 


higher frequency and power output 


exposure to even slightly elevated temperatures, flex- 
ing or impact conditions at low temperatures, moist 


or corrosive atmospheres. 


TFE resins are inert to nearly all chemicals and solv- 
ents used commercially. They are completely unaf- 
fected by boiling hydrocarbons. ketones, esters. or 
aleohols . . . or boiling aqua regia, hydrofluoric, 
nitric, and sulfuric acids. They are equally resistant 


to attack by alkalies in all concentrations. Materials 


Dielectric Constant Unaffected by Frequency, 
Temperature, and Heat Aging 





DIELECTRIC CONSTANT 


FREQUENCY. cycles 


200 300 
TEMPERATURE F 


3 4 


TIME, months ot 480 °F 


Strength Increases As Temperature Decreases 


COMPRESSIVE YIELD STRESS, Ib. sq. in 


TEMPERATURE 



































Effect Of Temperature 












To reduce take-off friction, and to avoid freeze-down on the ackings 


COEFFICIENT OF FRICTION 


landing strip, the skis on this Air Force polar troop carrier are 
coated with a TEFLON TFE resin. The unusual antistick property 
of the resin prevents snow and ice from adhering to the skis, 
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rning « 
even in arctic operating under the tremendous weight of this revents 
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huge aircraft. 





that do attack TFE resins under certain conditions 
are fluorine and molten alkali metals. Certain haloge- 
nated hydrocarbons are absorbed to a minor degree 


at elevated temperatures and pressures. 


Products made of TFE resins can be used continu- 
ously at temperatures as high as 500°F., and inter- 
mittently at temperatures much higher than this. 
These resins remain more flexible than most other 
materials at low temperatures. They have been used 
successfully at temperatures as low as that of liquid 
nitrogen (—320°F.). 


\n extremely important property of TFE resins in 
mechanical uses is their low coefficient of friction, 
the lowest of any solid. An added feature is that they 
do not “slip-stick” . . . their static friction is lower 
than the dynamic friction. In addition to such obvi- 


ous applications as bearings and other anti-friction 





Completely corrosion-proof pipe systems are Rings and bushings of TEFLON TFE resins speed the \ 
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now available. Pipe and fittings lined with action of elevator controls used on Lockheed’s Super 

TEFLON TFE resins withstand practically all Constellation. There is less wear and friction in the Overbraided hose of TEFLON TFE-fluorocarbon resi" arte n 
chemicals and solvents. There is no build-up actuating cylinder with parts of TFE resin, and leakage was used on the brake lines of the winning racer ° nom 
of deposits. Maintenance and replacement of oil has been reduced greatly. the 1957 Memorial Day Classic at Indianapolis. The Pistor 
costs are virtually eliminated, along with constant vibration and flexing of the grueling trot “ co 
production downtime run had no effect on this durable hose. E res 
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ockings made of TEFLON TFE resins pro- 
de easy operation and long life. The pack- 
g in this mixing faucet permits smooth 
rning and easy up-and-down motion, yet 


Side bearings on trucks of new, lightweight railroad 
car are made of reinforced TFE resin bonded to 
steel plate. The TFE bearing surface contributes to 
the smooth, quiet performance of the Budd Com- 
pany’s Pioneer II! car, and eliminates the need for 
lubrication and other maintenance of these bearings. 


O-rings of TEFLON TFE resin are the key feature of 
this stainless steel chemical faucet. These O-rings make 
the faucet capable of universal chemical service. The 


rings withstand any chemical that the faucet’s stainless 
revents any seepage through the stem. 


ose of assembly saves money in production. 
ackings of TEFLON TFE resins normally 
utlast the valve. 


steel body can resist, including highly corrosive rocket 
fuels. 


surfaces, the low friction of TFE resins often helps 
ease installation of components. 


fabricating techniques: 


, a : , TFE-fluorocarbon resins are readily molded or ex- 
In thin sections, TFE resins are very flexible. In ; ; ie 


mee ‘ : truded as finished articles or stock shapes. However, 
applications such as diaphragms and hose they give 
almost unlimited flex life. They can be deformed 


under load to obtain a tight seal. Components such as 


the techniques used differ from those conventionally 
used with thermoplastic resins. TFE resins do not 
‘ : ; . . melt and flow. In general, techniques used with TFE 
seal-rings, insulating bushings and terminals, valve ; ' , ; . 

resins consist of a cold-forming operation, followed 
by baking at temperatures of about 720°F. The many 
processors of TEFLON TFE resins are highly skilled 


in these techniques, and can advise the designer as to 


seats, etc., can be installed more easily because of the 
flexibility of TFE resins. 


Other important properties to the designer are the 
non-adhesive characteristics, resistance to moisture, the effect of processing conditions on the properties 


and outdoor weatherability. of the end product as well as other design conside- 


om a ‘ . —_ ‘ rations. 
The addition of reinforcing agents to TFE resins 


improves certain mechanical properties, and greatly 
extends their use. In general, TFE resins can be com- 
pounded to increase resistance to wear and deforma- 


Molded or extruded pieces are machined quite easily 
into relatively complex shapes. Techniques for bond- 
ing a TFE resin to itself or to other materials are in 


tion, to increase stiffness and hardness, and to reduce general use, as are methods for striping and printing 


thermal expansion. of coated wire. 





Non-adhesive properties of TEFLON TFE resin are em- 
ployed in such equipment as this shoe machine. Hose of 
TEFLON TFE resin is used to transfer hot glue from storage 
pot to the shoe for cementing. The slippery surface elimi- 
nates deposits which built up in conventional hose. After 
three years of continuous use, the hose of TFE resin is 
still in excellent condition. 


The inside story on this stainless steel ball valve for 
handling corrosives is shown by X-ray photograph. All 
of the seals are made of TEFLON TFE resin, permitting 
easy opening and closing of the valve under any 
pressure. No oil or grease is needed for lubrication, 
and maintenance is practically eliminated. Because 
of the chemical inertness of TFE resins, the seals resist 
any chemical or corrosive that can be handled by the 
valve’s stainless steel body. 


arts made of TEFLON TFE resin used in 
‘Ss power-steering mechanism include: seals, 
Piston ring, and a lock-nut seal ring. The 
w coefficient of friction provided by the 
FE resin reduces break-away effort in the 


echanism and allows the shaft to turn 
reely 
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description: 


ZyTeEL is the Du Pont registered trademark for a 
versatile group of durable polymeric amides, noted 
for extreme toughness and strength. 


Numerous formulations of ZYTEL nylon resins are 
available. All types of ZYTEL are supplied by Du Pont 
as molding powders; all compositions of ZYTEL are 
thermoplastic. The most common method of fabri- 
cating parts of ZYTEL in mass production is by the 
use of injection-molding equipment. 


Rod and stock forms of ZYTEL are readily available 
from processors; from these forms parts may be ma- 
chined. ZYTEL 42, a newly developed member of the 
family, has a viscosity especially tailored for extru- 
sion. Of special interest to the packaging industry is 
the sparkling tough film which can be made of ZYTEL 
42. Coating and laminating with this resin is also 
possible. Some of the compositions of ZYTEL are 
available in a variety of colors. Parts of ZyTEL nylon 
resin may also be colored by immersing the parts in 
a boiling solution of dyes, such as those used for 
dyeing of household fabrics. 


Of interest also is weather-resistant, black ZYTEL 105 
especially developed for outdoor use. 


properties : 


ZYTEL is superior to conventional thermoplastics in 
that it does not show such pronounced decreases in 
tensile strength or increases in plastic flow at temp- 
eratures that approach its molding temperature. 
High temperature nylons are crystalline and have 
sharp melting points above which they are as fluid 
as a light lubricating oil. ZyTEL has a high impact 
strength, and excellent flexibility at temperatures as 
low as —40°F. For high temperature operations in 
the neighborhood of 250°F., heat stabilized grades 
such as ZYTEL 103, are recommended. Electrically, 
ZyTEL is suitable for most insulation applications at 
commercial power frequencies, especially in instances 
in which mechanical strength, toughness and temp- 
erature capabilities are needed in addition to insula- 
tion properties. 


ZyTEL is highly effective in cam and gear applica- 
tions because it is resilient, abrasion resistant, 
strong, and has a low coefficient of friction. Where 
stresses are concentrated on small areas of gears 
made of ZyTEL, the resiliency of the resin permits a 
temporary deformation that distributes the load over 
a larger area. When the load is removed, the gear 
recovers its original form. In most gear applications, 
ZyTEL can be used without lubrication. 





When lubrication must be used, a variety of lubri- 
cants other than oil and grease may be employed 
effectively. Many fluids have been found suitable 
lubricants for ZyTEL, for processes where greases 


could not be tolerated. 


In mechanical applications, ZYTEL damps noise and 
vibration. ZyYTEL is resistant to solvents, being 
insoluble in common solvents, alkalies, dilute min- 
eral acids and most organic acids. Resistance to 
alkalies is outstanding. 


(ll formulations of ZYTEL are soluble in phenols and 
formic acid, and are attacked by concentrated solu- 


tions of the mineral acids, but all of the forms are 
impervious to petroleum oils and greases, lactic acid, 
and photographic solutions. 


forming and working: 


ZyYTEL nylon resins may be extruded or injection 


molded either as solid parts or around metal inserts. 
Where ZyYTEL is molded to close tolerances that are 
essential in the finished part—particularly if the fin- 
ished part has a thin section—the molding process 
may produce stresses in the resin which should be 
relieved, to assure long service life and to prevent 
distortion. 





ZYTEL can be applied as jacketing or insulation to 
wires either directly or over other primary insulating 
materials. 


Stock shapes of ZyTEL can be machined very easily 


with cutting tools of high speed steel, ground to pro- 
duce minimum drag. Because ZYTEL is quite tough, 
cutting tools must be kept sharp, and vibration of 
the machinery is to be avoided. Where dimensional 
stability is essential, machined parts should be stress- 


relieved. The spin-welding technique is also useful 
for fabrication of ZYTEL nylon resins. 


These roller skates of ZYTEL nylon are virtually 
noiseless, and so light in weight that they're a joy 
to boys and girls of all ages. Both rollers and piat- 
forms are made of Du Pont ZYTEL. 


This motion-picture camera is designed to operate 
in any type of climate, even under arctic conditions. 
Various parts molded of Du Pont ZYTEL nylon resin 
help assure outstanding performance at sub-zero 
temperatures. 
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application: 





ALATHON polyethylene resins are relatively unaffected by mineral acids and most 
organic solvents. Easily formed into thin sections, ALATHON is well suited for bottles, 
flasks and flexible tubing for liquids, paste and powdered products. The low power loss 
factor of ALATHON, low inductive capacity, and excellent dielectric qualities at all fre- 
quencies adapt it to wire and cable insulation and jacketing, and many other electrical 
applications. Its flexibility and durability make ALATHON an ideal material for plastic 
piping. 


ALATHON is available in a wide range of formulations, each having certain outstanding 
properties which render it particularly suitable for specific applications. Higher density 
ALATHON 34 has superior film transparency, stiffness, impermeability and heat resist- 
ance. The higher density of this resin not only improves the characteristics of finished 
films, bottles, wire and paper coatings of ALATHON, but also permits use of faster, more 
economical production techniques. The new ALATHON 31 resin is especially developed 
for thermo-forming operations. 











description : 


ALATHON is the registered trademark for Du Pont 
polyethylene resins. ALATHON is supplied by Du Pont 
in the form of eighth-inch cubes, to paper coaters, 
wire extruders, molders and fabricators of film. The 
white translucent resin is non-toxic, essentially odor- 
less and tasteless. It has a low rate of water vapor 
transmission and low water absorption. Chemically, 
ALATHON is inert to most solvents and chemicals 
(including food acids) at room temperatures. It is 
affected only by certain oxygenated organics, aro- 
matic hydrocarbons and chlorinated hydrocarbons, 
which cause it to swell at room temperature and dis- 
solve at high temperature. 


properties: 


The non-polar molecular structure of ALATHON gives 
it excellent dielectric characteristics at all frequen- 
cies. The resistivity of the resin is high, its power 
loss factor and inductive capacity are low, and it is 
comparatively inert to ozone. 


ALATHON is inert to most chemical reagents, being 
substantially unaffected at room temperatures by con- 
centrated hydrochloric, or hydrofluoric acids, for 
example. It is attacked by strong oxidizing agents. 


ALATHON remains flexible at low temperatures. It 
withstands temperatures as low as —95°F. without 
becoming brittle. 


One piece semi-rigid liners for fiber drums made of ALATHON 
are unbreakable and chemically inert, permitting the shipment 
of corrosive liquids. When sealed, the combination of a steel 
reinforced fiber drum and a cap and liner of ALATHON provides 
a lightweight, leal proof shipping container. 











STEPS IN 
THERMOFORMING OPERATIONS 


Sheeting of ALATHON 31 in position on 
clamp frame prior to heating process. 


Heated sheet is pushed into mold cavi- 
ties by forming assist plugs, then drawn 
off plugs and against mold-cavity sur- 
face by vacuum. 


£ Seas 

Tz. 
Formed piece cools quickly in mold after 
assist plugs have been raised. 
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Gee. ./ 
Piece is removed from forming machine 
and ready for trimming. 


This new cable construction, insulated and jacketed with 
ALATHON polyethylene resin, has a smaller diameter 
than other non-leaded cables—less weight than leaded 
cables. The minimum weight results in lower shipping 
and installation costs plus easier handling. Du Pont 
ALATHON provides protection against moisture, 
oxidation, chemical exposure and mechanical damage. 


forming and working: 


ALATHON molding powders are fabricated by any of 
the standard techniques—injection molding, com- 
pression molding, or by extrusion. A film of ALATHON 
may be applied to paper, cloth, or other flexible 
materials by extrusion coating, and sheeting of 
ALATHON may be thermoformed. 


Solid shapes of ALATHON may be machined from bar 
stock, rod or tube with the standard tools and tech- 
niques used in working soft metals, and separate 
pieces of ALATHON can be joined by heat welding, or 


by spin welding. 


11 inch Bowling Pins are lightweight and long-lasting because they are molded of 
an ALATHON polyethylene resin. Smoothly finished and flexible, they will not mar 
or scratch floors or furniture. 
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descri ption: 


Lucite is the registered trademark for Du Pont 
acrylic resins. LUcITE is available in a range of mold- 
ing powders which offer a variety of molding char- 
acteristics and properties, and a broad selection of 
transparent, translucent and opaque colors. The pow- 
ders are solid and granular, cut to approximately 4%” 
cubes for injection molding or shaped in minute 
spherical granules for compression molding. LUCITE 


acrylic resins are also available for extrusion. 


properties : 


Lucite is light in weight—less than half the weight 
of optical glass—with relatively high impact strength, 
even at low temperatures. LuciTE can be injection 
molded into patterns of extreme intricacy. Moldings 
of Lucite are form-stable at temperatures of 200°F. 
and, in some cases, higher. As with other thermo- 
plastics, however, the tensile strength of this resin 
decreases with severe temperature increases. 


Lucite has a low thermal conductivity, about that of 
rubber. Its coefficient of linear thermal expansion is 
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about eight times that of steel, and ten times that of 


glass. 


Lucire has superior optical properties. It transmits 
92% of the light striking it which means essentially 
the only loss is that reflected from the striking sur- 
face. This clarity is not diminished by age, sunlight 
or moisture. 


The combination of this transparency with a highly 
polished surface finish enables Lucite to “pipe” 
light with very little leakage, around angles as acute 
as 42°, or curves with radii three times or more the 
thickness of the material. “Edge-lighting” effects are 
thus possible with Lucite. Lucite has outstanding 
dielectric strength, does not track, and has excep- 
tional corona resistance. Because these properties 
are relatively unaffected by weather or aging, insula- 
tions of Lucire will give long, effective service. 


Chemically, Lucite is resistant to dilute alkalies, 
many strong acids, and numerous organic chemicals. 
Most impressive is its resistance to water. The 
strength and toughness of LuciTE are virtually 
unaffected by immersion in either water or water 
vapor. LuciTE is odorless, tasteless, non-irritating, 


and non-toxic. 




















forming and working: 


Molding powders of Lucite may be fabricated 
either by injection or compression molding, or by 
extrusion. Molded Lucire may be shaped with wood- 
working equipment in much the same fashion as 
wood or soft metal. Lucire may be sawed, punched, 
stamped, drilled, threaded, routed or formed. Pieces 
of it may be joined either by cementing or by heat- 
welding. Lucire may also be bonded to other ma 
terials with suitable commercial adhesives. Parts of 
Lucite may also be assembled by spin-welding. A 
good joint between two pieces of LUCITE is strong, 


transparent, and practically invisible. 


Lucire may be decorated with paint, stains, silk 
screen designs, or by sand-blasting, carving or etch- 
ing. To obtain stable colors, certain pigments o1 
dyes may be added to powdered Lucire, before it is 
molded. In addition, LuciTE acrylic resin is supplied 
in a range of transparent, translucent and opaque 
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TEFLON 


FLUOROCARBON RESINS 


eYu Bt 


NYLON RESINS 


ALATHON 


POLYETHYLENE RESINS 


LUGUUE 


ACRYLIC RESINS 








chemical 





Inert to nearly all 
chemicals and solvents used 
commercially including 
ketones, esters, alcohols, 
and boiling aqua regia. 
Impervious to water. 














Unaffected by common 
solvents, alkalies, 
lilute mineral acids 
and most organic 

acids. 

















Excellent chemical and 
water resistance. 






























Resistant to dilute 

alkalies, many strong 

acids and other 
chemicals. 

















mechanical 


electrical 





Tough over a range of 


temperatures from 
— 450 to + 500° F. 
Non-adhesive. Low 
friction coefficient. 
Self-lubricating. 


Tough and resilient a 
low temperatures. 

Requires little or no 
lubrication. Resists 

abrasion. 


Tough and flexible 
over wide range of 
temperatures. 


Rigid. Good dimen 
sional stability. 





comparative characteristics chart 


structural 











Outstanding in all 
electrical properties at 
all frequencies. 





t Good dielectric 
properties at 
commercial power 
frequencies 


Excellent dielectric 
properties over wide 
frequency and 
temperature range. 


Good dielectric 
properties at all 
commercial power 

frequencies. 


















decorative 








Tough and resilient. 
Resistant to impact. 


Impervious to weather. 


Strong and durable 
Good form stability. 
Light in weight. 








Can be colored. Useful 
for color coatings to 
aid identification. 


Good color 
possibilities 
Attractive texture 





Good strength and 
toughness. Free from 


taste, odor and toxicity. 
When black pigmented 


resists weather. 
Resists impact. Very 
light weight. 


Unexcelled 
weatherability 
Shatter resistant. 
Good dimensional 
Stability. Light in 


weight. Free from taste, 


odor and toxicity. 








Easily colored. 
Attractive translucent 
texture. 











Transparent. Available 
in range of colors 
Transmits and ‘‘pipes”’ 
light. Unusual beauty 











molded 
units ~ 


property 
Tensile strength, —70°F. 
73°F. 
170°F. 


1B./SQ. IN. 
LB./SQ. IN. 
LB./SQ. IN. 


Elongation, —70°F. 
73°F. % 


Modulus of elasticity, 73°F. 
LB./SQ. IN. 


Impact strength, Izod, —40°F. FT.-LB./IN. D256-56 
73°F. FT.-LB./1N. D256-56 


Stiffness, 73°F. 1B./SQ. IN. 
D785-51 
D569-48 


LB./SQ. IN. 
LB./SQ. IN. 


mechanical 


Shear strength 


=] 
: 
oO 
coal 


Flexural strength, 73°F. 
Compressive stress at 1% deformation 
Hardness, Rockwell 


Flow temperature 


Coefficient of linear thermal expansion per °F. 


thermal 


Thermal conductivity 

°F./in. 

Specific heat (0-100° 6 range) 
Deformation under load, 122°F., 2000 Ib./sq. in. 


Heat-distortion temperature, 264 |b./sq. in. 














66 |b./sq. in. 

Dielectric strength, short time ( in.) 
step-by-step (% in.) 
Volume resistivity 

Dielectric constant, 60 cycles 
103 cye'ss 

106 cycles 

108 cycles 


electrical 


Power factor, 60 cycles 

103 cycles 

106 cycles 

108 cycles 

Index of refraction 

Luminous transmittance, illuminant C, ' in. 

( )} rt ical Transmittance at 4500 A°, 's in. 
Haze 

Water-absorption (24 hrs.) 
(saturation) 

Flammability 
miscellaneous — ‘Pet srevity 
Mold shrinkage 
Compression ratio 
einen © ee 


Basic color 


Resistant to 


Not resistant to 


°F. D648-56 
"v. D648-56 
D149-55T 


D257-57T 


V/MIL. 
Vv/MIL. 
OHM-CM. 


D150-54T 


* 
* 
D1003-52 * 


% 
% 


IN./MIN. 


1N./IN. 
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am interested in evaluating these materials for 


POSITION 


TYPE OF BUSINESS 


Teflon,"’ ‘‘Alathon,"’ ‘‘Lucite’’ and ‘‘Zytel’’ are registered trademarks of E. |. du Pont de Nemours & Co. (inc.) 





No 
Postage Stamp 
Necessary 
If Mailed in the 
United States 


Postage 


Will be Paid 
by 
Addressee 


BUSINESS REPLY CARD 


FIRST CLASS PERMIT NO. 9, WILMINGTON, DEL 


Kk. 1. DU PONT DE NEMOURS & CO. (Inc.) 
POLYCHEMICALS DEPARTMENT 
DU PONT BUILDING, ROOM 5258 


WILMINGTON 98, DELAWARE 
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molded molded molded 
31 =5 42 molded molded molded molded molded 
0.2% 1.5% 0.2% 0.2% 2.5% 1 10 (2) 40 and 140 29 and 129 30 and 130 


water water water water water 
(13)} 12,100 (4)} 13,000 (4) 16,100 (4) 6,500-9,000 4,750 (11) 14,500 14,500 14,500 
8,500 7,100 7,400 12,600 8,600 2,000-5,500 (8) 1,900 (11) 10,600 10,000 9,500 
5,300 5,000 8,500 1,500-4,000 850 (11) 5,000 4,300 2,800 
20 (13) 30 (4) 8.0 (4) 35 (4) 20-60 60 (11) 2 2 2 
85 320 300 90 240 300-500 600 (11) 3-5 3-5 3-5 
300 400 300-500 600 (11) 80 90 100 
160,000 175,000 45,000-88,000 (flex. 35,000 400,000 490,000 400,000 
8,400 2,750 9,400 9,000 
0.6 i 2.0 0.8 0.3 0.3 0.3 
0.6 ’ : 3.0 did not break 0.3 0.3 0.3 
50,000-90,000 27,000 
13,800 (12 * 7 
4,900 600 
R118 D50-D65 (3) C81,D48 (3) 
* 201. (10) 
8.2 x 10-5 5.5x 10-5 5.5 x 10-5 9x 10-5 





0.040 
0.009 


* | * * i > 92 
* | x | | * 90 
+ | | * | | * | <3 


0.4 2.0 ; 0.014 0.3 





3.5 20 

self-extinguishing _self-extinguishing self-extinguishing non-burning 0.94 1.2 1.2 1.2 
1.09 1.08 1.14 2.1-2.2 0.92 1.18 1.18 1.18 
0.015 * 0.02-0.05 0.002-0.006 0.002-0.006 0.002-0.006 
2.2 2.5 2.1 | * 2.1-3.6 1.8-2.2 1.8-2.2 1.8-2.2 


Good Good Good Excellent Fair (7) Excellent Excellent Excellent 


Light opaque White Water white Water white Water white | 


Translucent xy Semi-trans- Light translucent 
translucent transparent 


: parent m § i ek ie rt 
Esters, ketones, Esters, Esters, ketones | All chemicals and Water, acids, Water, weak Water, weak Water, weak | 
} 
' 
— +- 


common solvents, ketones, common solvents solvents, except alkalies, acids, weak acids, weak acids, weak 
alkalies, weak acids alkalies alkalies, weak acids molten alkali metals oxygenated alkalies alkalies alkalies 


and fluorine vents 





ioe 





Phenol, formic acid Phenol, Phenol, formic acid At elevated Chlorinated Lower ketones, | Lower | Lower k . 
concentrated alcohols, concentrated temperatures and " a esters, aromatic! esters, aromatic | esters, aromatic 





mineral acids formic mineral acids P » P hydrocarbons, | hydrocarbons, hydrocarbons, 
acid, solvents are absorbed aromatic strong acids, strong acids, strong acids, 
mineral | to a minor degree. hydrocarbons strong alkalies| strong alkalies} strong alkalies 
acids ; 
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ON RESINS 


¥ 
Spin-welding, an unusual but relatively simple fabri 
cating technique for plastics, recently improved and 
applied to new applications at Du Pont’s Sales Serv- 
ice Laboratory near Wilmington, utilizes frictional 
heat, generated by the rotational rubbing of two 


surfaces, to melt and join them together. 


ALAY W © W 
This improved technique works especially well with 


HYLENE RESINS 


thermoplastic materials such as Du Pont ZYTEL® 
nylon resin, LUCITE™ acrylic resin and ALATHON®™ 


polyethylene resin 


The applications shown in this booklet are uses cations to the problems your products involve. 


in which the outstanding qualities of the Fer mene lefermution call the weesees Ba Pest 


respective resins are illustrated. district office, listed on page 16. Or contact 
E. I. du Pont de Nemours & Company, Inc., 
To find which of the resins will best suit your Polychemicals Department, Wilmington 98, 


needs, project the basic features of these appli- Delaware. 


The Du Pont Company assumes no obligation or liability for any advice furnished by it, 
or results obtained with respect to these products. All such advice is given and accepted 
at the buyer's risk. Du Pont warrants that the materials themselves do not infringe the 
claims of any United States patent, but no license is implied; nor is any further patent 


warranty made 


TEFLON® is the Du Pont Company’s registered trademark for its fluorocarbon resins, 


including TFE (tetrafluoroethylene) resins 
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Through three decades of serving the plastics industry, 
Catalin has expanded its range of products to include 
literally thousands of plastic, resin and chemical 
formulations. By keeping alertly abreast of technical 
advances through enlarged central research laboratories 
and by meeting rapidly changing market requirements, 
Catalin has kept-its products in pace with manufacturers’ 
needs for a wider selection of materials to fulfill 

the most rigid end-use specifications. 

To ensure on-the-dot deliveries for the most demanding 
of customer production schedules, Catalin has pioneered 
in the field of industrial distribution. A network of 
plants and warehouses, linked in a vast teletype system, 
dispatches every order with utmost speed and reliability. 

Catalin welcomes inquiries from interested 
manufacturers. 
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A new high-melting, highly 


crystalline type of acetal resin 
polymer has been developed and 
introduced in the field of thermo- 
plastics (Delrin'). 


is a polyoxymethylene made by 


This polymer 


the polymerization of formalde- 
hyde. Historically, formaldehyde 
polymerization was carried out 
in water in the presence of an 


ionic catalyst to produce low 


polymers of polyoxymethylene 


termed “paraform.” “Paraform” 


H 

had the structure HO( -C—O),H, 
H 

where n 3 to 10, and was 


characterized by poor mechanical 
properties and low thermal sta- 
bility. A research program un- 
covered a new _ polymerization 
system and a unique method of 
stabilization whereby a_ strong, 
stable superpolyoxymethylene 
polymer 


could be synthesized 


"FE. I. du Pont de Ne rs & ¢ In W 


Acetal Resins 


BY JOHN A. LUTZ 


The molecular structure of this 
polymer is that of a linear acetal 
consisting of unbranched polyox- 


H H 
ymethylene chains (-O-C-O-C-) 


H H 
of great length, normally aver- 
aging more than 1,000 CH.O 
units. 

The polymer has an excellent 
combination of properties—high 
strength and stiffness, good fa- 
tigue life, outstanding resilience 
and toughness, and exceptional 
organic solvent resistance. A 
major feature of the polymer is 
its excellent retention of these 
properties at elevated tempera- 
tures. Tests on selected applica- 
tions have shown that this linea: 
acetal resin will be excellent for 
use in such areas as automotive, 
appliance, machinery, and con- 
sumer items. (Table I, below.) 

It is expected that the resins 
will be available commercially in 
mid-1959 from a large plant now 


under construction. In the mean- 





TABLE |: Applications for acetal resin 





Mechanical 


Water sprinkler gears 
Housings and cover plates 
Sprayer nozzles 
Carburetor parts 

Pump impellers 


Automotive 


Control cable sheathing 


Interior trim and hardware 


Consu mer 


Tumblers 
Knife handles 


Plumbing and hardware 


Showerheads 
Drawer handles 
Butt hinges 


Appliance 


Dishwasher support fingers 
Freezer compartment hinges 


Packaging 


Aerosol bottles 











time, development quantities are 
being produced in a small semi- 
works for exclusive use in a 


controlled field test program 


Properties 

Typical properties of this acetal 
resin are given in Table II, p. 84 
The extrusion-grade material 
(e.g., Delrin 150) has 
elongation and 


higher 
impact strength 
and consequently is tougher than 
the molding grade (e.g., Delrin 
500). Other than these differences 
the properties of the two com- 
positions are essentially the same 

Mechanical: This acetal resin 


is one of the strongest and stiffest 


of the thermoplastics. At room 
temperature it has a_ tensile 
strength of 10,090 p.s.i. with no 


true yield point, and a flexural 
modulus of 410,000 p.s.i. The effect 
of moisture is very slight in that 
it changes strength properties 
only 10 to 20 percent. An out- 
standing feature of the polyme: 
is strength retention at elevated 
temperatures. Even at 200° F. it 
has a tensile strength of 6,000 
p.s.i. and a flexural modulus of 
180,000 p.s.i. 

The material has excellent 
creep resistance, and under pro- 
longed high loadings at high tem- 
peratures and humidities shows 
a pronounced superiority ove 
all other typical thermoplastics 
This is also reflected in high fa- 
tigue endurance limit. This limit 
is the maximum cyclic stress 
which a material will stand with- 
out failing regardless of the num- 
ber of times the load is applied 
At room temperature and 100° 
relative humidity, the fatigue en- 
durance limit of this acetal resin 
is 5,000 p.s.i. Good fatigue endur- 


ance is maintained at high tem- 
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peratures (3,000 p.s.i. at 150° F.) 
and lubricants or water have 
little effect on the fatigue life of 
this polymer. 

For its strength and stiffness, 
this material is one of the tough- 
est, most resilient plastics known. 
Extremely important is that this 
toughness is little affected by 
temperature—the Izod _ impact 
strength remains essentially con- 
stant from —40 to 212° F. Mois- 
ture also has little effect; there is 
a slight increase in impact 
strength from 0 to 100% relative 
humidity. Although the polymer 
resists bending, it recovers very 
well once it has been deformed, 
somewhat like steel. This excel- 
lent recovery from loading makes 
it an ideal material for a snap- 
fit assembly. 

Chemical resistance: This acetal 
resin is unusual among thermo- 
plastics in its resistance to organic 
solvents. There are no common 
solvents for it at room tempera- 
ture, and the polymer exhibits 
excellent stain resistance. The 
permeability of the polymer to 
aromatic and halogenated hydro- 
carbons, alcohols, and esters is 
only a fraction of that of poly- 
ethylene. Its permeability to 
water vapor is, however, signifi- 
cantly more than that of poly- 
ethylene. The polymer is not 
recommended for use in contact 
with strong acids or bases, and 
tests should be run to determine 
its suitability for use in weak 
acids or bases. 

Dimensional stability: The low 
water absorption of this mate- 
rial gives it excellent dimensional 
stability in the presence of mois- 
ture. After equilibrium has been 
reached at room temperature, it 
increases in dimensions only 1 
mil/in. in going from 0 to 50% 
relative humidity, and only 4 
mils/in. when totally immersed 
in water. 

Abrasion and frictional resist- 
ance: The abrasion resistance of 
the polymer is generally superior 
to other thermoplastics, with the 
exception of nylon. It exhibits 
clean wearing characteristics and 
particles from the abrading sur- 
face generally do not embed in 
the acetal resin. 

The polymer has a hard, smooth 
surface which makes it feel slip- 
pery to most people. Its coefficient 
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of friction on steel is very low 
(0.1 to 0.3—inclined plane test) 
and shows little variation from 
73 to 250° F. and under loads up 
to 2,500 p.s.i. Its static and dy- 
namic coefficients are equal and 
the phenomenon of slip-stick has 
not been observed with this resin. 

Electrical: This thermoplastic is 
one of the few materials that 
combines’ excellent _ electrical 
properties with exceptional me- 
chanical characteristics. It has a 
low dissipation factor and di- 
electric constant over a wide 
range of frequencies and up to 
temperatures of 250°F. The 
polymer maintains its good elec- 
tricals under high humidity ex- 
posure and after immersion in 
water. This acetal should prove to 
be an ideal insulator for appli- 
cations where good electricals are 
required in conjunction with high 


strength, abrasion resistance, di- 
mensional stability, and property 
retention at high temperature. 


Processing 

This polymer is best suited to 
fabrication by injection molding 
and extrusion. It has been molded 
with all 
makes of molding 
equipment, using a variety of 
molds—die-casting molds, cam- 
action molds, three-plate molds, 
and multicavity molds with up to 
100 cavities—all of which were 
designed for other materials. The 
polymer has also been extruded 
into a variety of shapes and forms 
including sheet, pipe, tubing, and 
rod, using conventional tech- 
niques. It has been successfully 
processed with respect to both 
design and size in a large variety 
of extruders. No special materials 


excellent results in 


commercial 


Ultimate strength of acetal resin depends to a large extent on the 
length of time it is kept under stress. Tests have shown that parts 
made of this resin will enjoy very long life at tensile stresses that 


may go below 5000 p.s.i. 
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of construction are required for 
processing the polymer but cop- 
per and brass should be avoided. 


Applications 

The real advantage offered by 
this acetal resin is its excellent 
combination of desirable end-use 
properties. These are strength, 
resistance to creep, fatigue en- 
durance, toughness, dimensional 
stability, solvent resistance, prop- 


erty retention at high tempera- 
tures, low frictional coefficient, 
and abrasion resistance. Thus, it 
is not limited to a few selected 
fields, but rather it is suitable 
for a broad range of applications 
covering many end-use areas. A 
few of these areas of potential 
end use are highlighted in Table 
I, p. 82. 

The following summarizes re- 
sults on applications tested to 





TABLE II: Typical properties of acetal resin 





Property 


{ 73° F. 


Elongation, ‘ ‘ $ 
( 158° F. 


. \ 
Impact strength, Izod, ft.lb./in. } 


Flexural modulus, p.s.i., 73° F. 
Flexural strength, p.s.i. 


ia { 73° F. D638 
Tensile strength and yield point, p.s.i. - 


A.S.T.M. Molding 
No. grade 


Extrusion 
grade’ 


D638 15 75 

D638 330 460 

D256 1.2 18 

D256 1.4 2.3 

10,000 

158° F. D638 7,500 
D790 410,000 
D790 14,100 


Fatigue endurance limit, p.s.i., 73° F., 100% RH 5,000 


Shear strength, p.s.i. 


Heat distortion temperature, ° F. ) 


D732 9,510 


264 p.s.i. D648 212 
66 p.s.i. D648 338 


Deformation under load, % (2000 p.s.i. at 122° F.) D621 0.5 


Compressive stress, p.s.i. ¢ 


\ at 10% deformation 
\ 24 hours immersion D570 0.4 
/ 50% RH (Equilibrium) D570 0.2 


Water absorption, % 


Specific gravity 

Rockwell hardness 
Flammability, in. min. 

Melting point (crystalline), ° F. 
Flow temperature, ° F. 


Coefficient of linear thermal expansion, 
Thermal conductivity, B.t.u. hr. /sq.ft. 


Specific heat, B.t.u. lb. ° F. 


/ at 1% deformation D695 5,200 


18,000 


D792 1.425 

D785 M94, R120 

D635 1.1 

347 

D569 363 

F. D696 4.5 10° 
F. in. 1.6 
0.35 


Taber abrasion (1000-g. load, CS-17 wheel) 20 


mg./1000 cycles 
Modulus of rigidity, p.s.i. 
Poisson's ratio 
Dielectric constant: 

73° F., 10°—10 

248° F., 10° eps 
Dissipation factor: 

73° F., 10°—10° cps 

248° F., 10° cps 


Dielectric strength, short time, v./mil, 


73 mils thickness 
Volume resistivity, ohm-cm. 
Surface resistivity, ohm 
Arc resistance, sec. 


Permeability 


Water 

Ethanol 

“Freon” 12-114 (20/80) 
Methy!] salicylate 


e representative 


of those obtained 


178,000 
0.35 


0.004 
0.0022 


590 
6 = 10" 

10" 

129 (burns) 
P Factor 
at 73° F. 


g. loss 24 hr. 100 in. 1.9 
area /mil thickness. (Deter- 0.2 
mined on bottles with 35- to <0.2 
50-mil wall thickness.) 0.3 


under standard A.S.T.M. conditions and should 


ign parts which function under different conditions. Since they are average values 
used as minimums for material specifications. 





demonstrate properties and how 
they can be used to satisfy end- 
product requirements. 

Aerosol bottles: Two-ounce 
(45-mil wall) bottles were loaded 
with cologne and shaving lather 
formulations using a fluorinated 
hydrocarbon propellant. No bulg- 
ing or distortion occurred after 
two years’ storage at room tem- 
perature; and the contents could 
be discharged completely. In a 
3 month accelerated test at 130 
F., similar bottles showed some 
weight loss; however, the con- 
tents could still be discharged 
completely. 

Plumbing fixture: A five-part 
showerhead operated’ without 
failure in normal household serv- 
ice for 21 months. In accelerated 
testing a similar showerhead ran 
without failure in continuous wa- 
ter service at 150° F. for 88 days. 
Extrapolation of these data in- 
dicate a service life of at least 20 
years for a showerhead under 
normal home use. 

Bearings: A _ connecting rod 
bearing for a 34 hp. gasoline en- 
gine showed no deformation or 
wear after 70 hr. operation. Op- 
erating temperatures averaged 
170° F. with peak temperatures 
of 250° F. The bearing load was 
20 p.s.i. at a surface velocity of 
400 to 500 ft./minute. 

Gears: A drive gear for an 
electric windshield wiper oper- 
ated continuously for over 1,700 
hr. at 150° F. and 7 in.-lb. torque 
with essentially no wear. Water 
sprinkler gears functioned per- 
fectly without jamming during 
a complete two summers of op- 
eration. 

Appliances: Dishwasher fingers 
were working perfectly after 2 
years’ service in a commercial 
dishwasher. Service was in 180° F. 
water and hot air for approxi- 
mately 16 hr. a day. 
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RECENT DEVELOPMENT: A modified acrylic molding 
powder with considerably greater toughness and impact 
strength than conventional acrylics has been introduced. 
Range of possible uses include (below): shoe heels, typewriter 
keys, housings, pushbuttons, dials, piano keys, and various 
industrial components. (Photo, Rohm & Haas) 


“7® 


RECENT DEVELOPMENT: Acrylic resin—offer- 
ing good weatherability and good physical prop- 
erties—has been made available in sirup form 
for low-pressure laminates. Proposed uses include 
corrugated sheet, complex shapes, or the flat 
decorative sheets shown above. (Photo, Du Pont) 


- 
Acrylics 
oe constitute a family 


that comprises monomers and 
polymers of acrylic, substituted 
acrylic, and methacrylic acids, 
their salts, esters, and other de- 
rivatives, such as nitriles and 
amides. 

Acid monomers and polymers: 
Acrylic acid, CH, = CHCOOH, is 
a corrosive, weak acid, available 
in essentially anhydrous form 
(glacial). Reactions of acrylic 
acid are typical of normal acid 
functions (ester, salt, anhydride, 
and acid chloride formation) and 
of the unsaturated function (ad- 
dition of halogens, amines, mer- 
captans; Diels-Alder reaction). 
All reactions are qualified by the 
molecule’s polymerizable nature. 

Polyacrylic acid, available as an 
aqueous solution in different vis- 
cosity grades and as an anhydrous 
powder, is a water-soluble poly- 
mer that gives hard, brittle, clear 
films. This product is capable of 
undergoing chemical reactions 
involving the acid function, such 
as salt formation and _ esteri- 
fication, insolubilization being 
achieved in the latter instance by 
* Research Laboratories, Rohm & Haas Co., 
Washington Sq., Philadelphia, Pa. 


Recent Developments and References were 
repared by the editors. 


ACRYLICS 


BY F. J. GLAVIS* and HELEN F. TUCKER 


the use of polyfunctional alcohols. 
Methacrylic acid, available in 
anhydrous form, is_ similarly 
amenable to reaction of the two 
functional groupings in the mole- 
cule as well as to polymerization. 

Both acrylic and methacrylic 
acid are used in the modification 
of the properties of polymers 
through incorporation of varying 
amounts of these monomers in 
copolymerization reactions. Im- 
proved hardness, solvent resist- 
ance, and increased hydrophilicity 
may be obtained. Introduction of 
the acid group permits vulcaniza- 
tion of the polymer with zinc 
oxide. 

Salts: Monomeric salts may be 
prepared by neutralization of the 
corresponding acid or by suitable 
saponification of the appropriate 
monomeric ester. Solid sodium 
methacrylate is now available. 

Polymeric acrylic salts may be 
prepared by 1) neutralization of 
the polymeric acids; 2) polymer- 
ization of the monomeric salts; 3) 
saponification. of the polymeric 
acrylic esters; and 4) alkaline hy- 
drolysis of the polymeric nitrile. 
For example, sodium polyacrylate 
made by the saponification of 
polyacrylonitrile is available from 


many sources. The potassium and 
ammonium salts are also pro- 
duced. The polymeric salts are 
water-soluble polyanionics, giv- 
ing hard, brittle, clear, hygro- 
scopic films. In the presence of 
other cations, they show ion- 
exchange reactivity. The presence 
of acrylic salts as components of 
a copolymer system may affect 
the properties of the product so 
formed by alteration of the hy- 
drophilic nature of the polymer, 
by insolubilization with poly- 
functional cations, or by modify- 
ing hardness and brittleness. 
Esters: A wide range of mono- 
meric acrylic esters is available, 
with large quantities of methyl 
and ethyl acrylates and methyl 
methacrylate now being pro- 
duced. Other available esters in- 
clude butyl, 2-ethylbutyl, 2- 
ethylhexyl, octyl, methoxyethyl, 
ethoxyethyl, 3-ethoxypropyl and 
2-diethylaminoethy] acrylates and 
ethyl, butyl, hexyl, decyl-octyl, 
lauryl, stearyl, 2-dimethylamino- 
ethyl, and 2-diethylaminoethyl 
methacrylates. These esters are 
capable of undergoing reactions 
of the ester group, and of the un- 
saturated system, including poly- 
merization. Variation of the mo- 
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A new plant (Celanese Corp.) is producing acrylate esters by a 
new process (B. F. Goodrich Chemical Co.), utilizing acetic acid 
and formaldehyde. Acrylate resins are used for paint, paper 
coating, leather finishing, modifying properties for acrylic fibers, 
adhesives, textile finishes, backings, and in formulations used as 
backings for carpets and upholstery fabrics. 


A molded “egg crate” light diffuser (Birckhead Corp.) is pro- 
duced from a mixture of liquid methacrylate monomer and 
methacrylate polymer. The production operation is a cross be- 
tween molding and casting—a sort of slurry casting. About 20- 
lb. pressure is used, with low heat, in a grid-like aluminum 
mold. 


Acrylic sirup was introduced (Lucite, E. I. du Pont de Nemours 
& Co., Inc.) for reinforcement with glass or synthetic fibers by 
techniques used with traditional polyesters. The resin is water- 
white in color, bonds exceptionally well to glass fibers, and has 
good weatherability. 


A modified methacrylate molding powder (Implex, Rohm & 
Haas Co.) may be compared to medium-impact polystyrene for 
impact strength. The Izod impact strength at 73° F. is 2.0 ft.- 
lb./in. of notch. It is translucent in its natural color and can be 
produced in a wide range of colors. Its advantages are naila- 
bility, fine finish, durability, good strength in thin sections, and 
freedom from odor. Probable uses include heels, piano keys, 
razor housings, pens and pencils, knobs, valve parts, and housings. 


Specially formulated methacrylate sheets and blocks (Cadillac 
Plastic & Chemical Co.), up to 10 in. thick, can be hobbed or 
pressure formed into decorative second surfaces. The material 
is softer, less brittle, and flows more readily than regular 
methacrylate sheets. The hobbing process is used to make ap- 
pearance models, engineering prototypes, etc. 


An outdoor finish for methacrylates (S-135 for spraying, SV-136 
as a screening ink, Logo Inc.) is light-stable, with good weather- 
ability and high resistance to humidity, grease, and detergents. 


Lightweight lenses (Optics Mfg. Corp.), produced from metha- 
crylate sheets (Plexiglas R), are suggested for a variety of in- 
dustrial applications including Fresnel lenses, lenticular screens, 
viewers, magnifiers, reducers, and image displacers. They are 
nonbreakable in normal usage, easily mounted, adaptable to 
various manufacturing methods, and easily machinable. 


Unshrunk cast methacrylate sheet (Plexiglas G, Rohm & Haas 
Co.) provides maximum flatness for applications that do not 
involve forming, and possesses uniform shrinkage for uses where 
sheets are silk screened or cut to size in the flat before forming. 
Sheets with patterned and matte-finish surfaces (Plexiglas GL) 
are available in sizes from 72 by 120 to 102 by 120 inches. 


A modified 100% acrylic emulsion (Rhoplex AC-55, Rohm & 
Haas Co.), containing 55% solids, is used in formulating fast 
drying, color retentive, tough, and flexible acrylic emulsion 
paints. It shows unusually good compatibility with universal tube 
colors widely used for interior paints. 





lecular make-up of copolymers, 
involving different acrylate and 
methacrylate esters as well as 
other polymerizable monomers, 
allows wide physical variations. 

The polymeric esters may be 
considered from the point of view 
of these polymerization methods: 

1) The monomeric esters can be 
polymerized in bulk by casting 
techniques to give sheet materials. 

2) Suspension polymerization 
of the monomeric esters has been 
used to prepare molding powders. 
The polymer can be produced in 
discrete particles of well-defined 
dimensions by control of the 
polymerization conditions. The 
molding powders are formed into 
hard, transparent, clear objects 
by applying heat and pressure in 
dies of the desired shape. 

3) A third method involves the 
polymerization of acrylic esters 
in organic solvents. A large range 
of solvents has been used for the 
preparation of soluble polymers, 
the properties of which permit ap- 
plication in coating, adhesive, and 
lubricating oil compositions. By 
using different esters and combi- 
nations of esters, and modifica- 
tions in the polymerization condi- 
tions, polymeric compositions 
having various solubilities result. 
These produce films that range 
from hard and brittle to soft and 
tacky. 

4) By using emulsion polymer- 
ization techniques, a fourth type 
of polymer system has been made 
available. These stable dispersions 
of discrete particles of acrylic 
polymers may form films on dry- 
ing. Depending upon the particle 
size of the polymer as well as 
upon its chemical composition, 
durable films may be obtained 
with varying hardness and tack. 

Nitriles: Acrylonitrile monomer 
is readily available from multiple 
sources. The monomer is a liquid 
capable of ready polymerization, 
and is reactive by virtue of both 
its carbo .-to-carbon unsaturation 
and its nitrile function. Polymeri- 
zation, which may be effected in 
aqueous suspension or in solution, 
provides the basic material for 
the preparation of fibers (Orlon 
and Acrilan). Polyacrylonitrile is 
soluble in such solvents as di- 
methyl formamide, ethylene car- 
bonate, tetramethylene sulfone, 
and aqueous solutions of thiocya- 
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nate salts, and may be formed into 
fibers by extruding a polymer 
solution into a coagulating bath 
such as water. Polyacrylonitrile 
may also be hydrolyzed with acid, 
caustic, or ammonia to form 
water-soluble hydrolysates as in- 
dicated previously in the discus- 
sion of polymeric acrylic salts. 
Acrylonitrile is not amenable to 
bulk polymerization, since the 
polymer is insoluble in the mono- 
mer. Acrylonitrile is useful in 
copolymer systems to improve 
such properties as solvent resist- 
ance and hardness. Examples in- 
clude copolymers of acrylonitrile 
with butadiene, styrene, and PVC. 

Amides: Acrylamide and meth- 
acrylamide are available as solid 
materials. Both the monomers and 
polymers are susceptible to alka- 
line hydrolysis with the formation 
of ammonia and the correspond- 
ing acrylic salt. In addition, the 
amide function can be modified by 
reaction with formaldehyde to 
produce methylol acrylamide and 
methylene-bis-acrylamide, both 
of which are currently available. 
Also available is N-tert-butyl 
acrylamide. Polyacrylamide has 
been introduced as an industrial 
flocculant. 

Alpha-halogenated esters: The 
methyl alpha-chloracrylate, de- 
rived from methyl acrylate, has 
been investigated extensively as 
a material that affords, on poly- 
merization, a hard, clear, trans- 
parent sheet with a high soften- 
ing point and resistance to surface 
abrasion. 

The above chemical classifica- 
tion of the acrylics indicates the 
wide variety of properties that 
are obtainable with such mate- 
rials. There are many instances 
in which minor proportions of 
acrylic monomers are useful in 
modifying the properties of poly- 
mer systems based on monomers 
other than acrylics. The following 
discussion of end uses will not in- 
clude materials made with acryl- 
ic monomers in minor propor- 
tions, such as the butadiene rub- 
bers, and copolymers with PVC, 
PVA, or with styrene. 


Applications 


Sheets and molding powders: 
The properties exhibited by solid 
acrylic polymers, such as crystal 
clarity, high impact strength, 
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Two sections of acrylic 
resin are fused by 
new spin-welding tech- 
nique. One part is held 
stationary, one rotated. 
Under light pressure, 
frictional heat melts 
mating surfaces. After 
cooling, the bond shows 
material’s original 
strength and _ clarity. 
(Photo, Du Pont) 


formability, and resistance to sun- 
light, weather and most chemicals, 
have led to widespread use in 
military and civilian applications. 
The fields of usefulness have also 
been broadened by availability in 
transparent, in translucent, and 
in opaque colors. 

Acrylic sheet is the standard 
transparent material for canopies, 
windows, instrument panels, and 
searchlight and landing light cov- 
ers on aircraft. Large sheets, 
edge-lighted, are used as radar 
plotting boards in shipboard and 
ground control stations. To keep 
pace with the increasingly severe 
service requirements of pressur- 
ized jet aircraft, new grades of 
acrylic have been developed that 
have improved resistance to heat 
and crazing. The stretching tech- 
nique has made possible enhanced 
resistance to both crazing and 
shattering. 

In the general field of merchan- 
dising, acrylics have become a 
major sign material for faces and 
letters, particularly for outdoor 
use where weather resistance is 
important. In addition, acrylics 
are used for counter dividers, 
transparent demonstration models 
of household appliances and in- 
dustrial machines, display fixtures 
and cases, and vending machines. 

The ability of acrylics to resist 
breakage and corrosion, and to 
transmit and diffuse light effi- 
ciently makes them beneficial in 
industrial and architectural appli- 
cations. Industrial window glaz- 


ing, safety shields, inspection win- 
dows, machine covers, and pump 
components are some of the uses 
commonly found in plants and 
factories. Dome skylights formed 
from acrylic sheet are an increas- 
ingly popular means of admitting 
daylight through the roofs of in- 
dustrial, commercial, and public 
buildings and of private homes. 
Acrylics are employed to good 
advantage as the diffusing me- 
dium in lighting fixtures and large 
luminous ceiling areas. Shower 
enclosures and decorative parti- 
tions are other well-established 
applications. An expanding de- 


velopment is a window glazing 
panel with 


integrally formed 
louvers for the control of sun and 
sky glare. 

In molding powder form, acryl- 
ics are used extensively for the 
manufacture of automotive parts, 
such as tail-light and stop-light 
lenses, medallions, nameplates, 
dials, instrument panels, and sig- 
nal lights. The beauty and dura- 
bility of molded acrylic parts have 
led to their wide use for name- 
plates, control knobs, dials, and 
handles on all types of home ap- 
pliances, and for pen and pencil 
barrels, and personal accessories 
such as hairbrush backs. Covers 
for fluorescent street lights, juke- 
box panels, TV implosion shields, 
and other large-section moldings 
are being formed from acrylic 
powder. The extrusion of acrylic 
sheet 


from molding powder is 


particularly effective in the pro- 
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Bilge pump parts molded of acrylic help lick the chronic problem 
of salt water corrosion. Gasketed acrylic cover provides leak-free 
seal for motor compartment. (Photo, Rohm & Haas) 


duction of thin sheeting. Ex- 
truded sheets have also been used 
in such applications as sign-light- 
ing, glazing, partitions, and 
shower enclosures. 

Advantage is taken of the trans- 
parency, strength, light weight, 
and edge-lighting characteristics 
of acrylics in the fields of hospital 
equipment, medical examination 
instruments, and orthopedic de- 
vices. The use of acrylic polymers 
in the preparation of dentures is 
an established practice. The em- 
bedment of normal and patholog- 
ical tissues in acrylics for pres- 
ervation and instructional use is 
an accepted technique, which has 
been extended to include embed- 
ment of industrial machine parts 
as sales aids, and the preparation 
of various types of home decora- 
tive articles. 


Elastomers: The use of acrylic 
esters in synthetic rubber formu- 
lations may be exemplified by a 
copolymer of ethyl acrylate with 
about 5% 


of a chlorine-contain- 
ing monomer such as chloroethyl 
vinyl ether or chloroethyl acry- 
late. The 


combine 


vulcanized products 
outstanding heat re- 
sistance and oil resistance, and 
have found widest use as gaskets 
for automatic transmissions for 
gasoline engines. Vulcanizates of 
fluorinated acrylics are said to 
offer advantages in toughness and 
durability. Acrylate-acrylonitrile 
copolymers are also being manu- 


factured for use as vulcanizable 
elastomers. The use of acryloni- 
trile in the nitrile rubbers con- 
tinues to offer products of su- 
perior solvent resistance and 
durability. Polyblends of acrylo- 
nitrile-styrene resins with buta- 
diene-acrylonitrile rubbers are 
used for pipes and fittings in in- 
dustrial applications in which re- 
sistance to alkali and acid is re- 
quired. Polystyrene-acrylonitrile 
rubber blends exhibit toughness 
and high impact strength, and im- 
part improved formability to the 
sheet composition. 

Ion exchange resins: Cation ex- 
change resins may be produced 
by the polymerization of metha- 
crylic acid in the presence of 
cross-linking agents, such as di- 
vinylbenzene. These acrylic-based 
ion exchange resins are especially 
adaptable for sodium therapy, 
for pharmaceutical applications 
that involve the recovery of anti- 
biotics, and in the treatment of 
sugar solutions. In the latter ap- 
plication the weak acid character 
of the resin does not cause the in- 
version of the sucrose. 

Textiles: Considerable work has 
been undertaken to overcome cer- 
tain difficulties encountered in the 
acrylic fibers, such as Orlon and 
Acrilan. Fiber studies have been 
concerned with modifications in 
molecular formulation to achieve 
greater dye receptivity, and me- 
chanical modifications to reduce 


fibrilation and subsequent appar- 
ent color variations in dyed fab- 
rics. Blends of polyacrylonitrile 
with such fibers as wool, rayon, 
and acetate provide a means of 
obtaining mixed fibers with the 
dyeability and other properties 
characteristic of the fiber types 
present in the blend. Certain syn- 
thetic fiber blends have been de- 
veloped to simulate fur. Modifi- 
cation of cotton to give improved 
characteristics, such as fungus re- 
sistance and higher heat resistiv- 
ity, has been achieved by treat- 
ment of the cotton with acryloni- 
trile. 

Acrylics are established mate- 
rials for sizing of fibers, with 
polyacrylic acid used extensively 
in the nylon field. Acrylate dis- 
persions provide highly desirable 
types of finishes. Applied to cot- 
ton and rayon, they contribute a 
firmer hand, improved tensile and 
tear strength, and better abrasion 
and wear resistance. They are not 
easily removed by washing, hence 
are durable finishes. Uses of an 
acrylic backing for upholstery 
fabric is an established practice. 
Acrylic dispersions have also 
found application as binders for 
nonwoven fabrics. 

Coatings: Acrylic emulsion 
paints constitute a major expand- 
ing development. Specifically rec- 
ommended for durability of fin- 
ish, lack of odor, speed of drying, 
and ease of application, both the 
emulsion and compounded paints 
for interior and exterior use in 
pigmented formulations are avail- 
able. Some formulations have 
been suggested for use over damp 
surfaces. Exterior use over ma- 
sonry is an expanding application. 
Acrylic automotive finishes rep- 
resent a promising field of appli- 
cation. Enhanced durability of the 
finish and prolonged retention of 
luster are achieved, particularly 
with the newer pastels. A thermo- 
setting acrylic-base coating for 
appliances is also available. 

For application by either spray- 
ing or brushing, acrylic coating 
solutions in organic solvents are 
available in types that give almost 
any desired range of hardness or 
tackiness, with clarity and dura- 
bility a prominent feature of all 
these materials. These 
acrylic coatings are for both dec- 
orative and protective uses, the 


coating 
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scope of application ranging from 
protection of art treasures to 
resin treatment of raincoats. Dec- 
orative and metalized coatings 
can also be applied to plastics 
articles to enhance their appear- 
ance. Other coating applications 
include the use of water-soluble 
acrylic polymers in the thickening 
of resin-based coating formula- 
tions to a predetermined viscos- 
ity. In addition, such acrylic 
monomers as tetraethylene glycol 
dimethacrylate are used in coat- 
ing and filling compositions, and 
as vulcanizable plasticizers in 
plastisol formulations. 

Paper: Acrylic dispersions are 
proving to be effective in the 
coating of paper. They are used 
for clear, greaseproof coatings, as 
binders for clay coatings, and as 
heat-sealing adhesives. 

Adhesives: Acrylic monomers 
find application as components of 
copolymers used in making pres- 
sure-sensitive tapes and bonding 
agents. They improve aging char- 
acteristics and adhesion. 

Leather: Acrylic dispersions are 
used in leather-finishing applica- 
tions. As a base coat for cellulose 
nitrate and polyvinyl chloride 
finishes, the acrylics produce per- 
manently flexible and strongly 
coatings. When dry, 
these are no longer water-dis- 
persible, but are soluble in the 
customary lacquer solvents, so 
that excellent adhesion of subse- 
quent lacquer coatings is ob- 
tained. An_ increasingly 


adhering 


wide- 


Light is diffused through 
translucent acrylic bottom 
of museum display case. 
Technique is also useful in 
retail displays 


ACRYLICS 


Acrylic plaque (above) pro- 
vides attractive, weather- 
resistant display for gas 
pump (right). Plaque is 
decorated on rear surface. 
(Photos, Rohm & Haas) 


spread use of acrylics in the 
leather field is as a component 
of water finishes. In such cases, 
the acrylic improves the adhe- 
sion, flexibility, and leveling of 
the finish, and depending upon 
the amount and type used, im- 
proves the washability. Improved 
dimensional stability of drying 
hides is achieved by the use of 
water-soluble acrylic pastes. 

Soil stabilization: Acrylamide- 
methylene-bis-acrylamide com- 
positions are being investigated 
for in situ polymerization in soils 
for such purposes as structural 
stabilization and impermeabiliza- 
tion. Use of calcium acrylate, es- 
pecially in injection techniques, is 
also promising. 
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Amino Resins 


BY C. E. BRITT* 


BA mino resins are finding an 


ever broadening scope of new 
applications, particularly in the 
case of the two most import- 
ant resins in this group, urea- 
formaldehyde and 
formaldehyde. The reason for 


their increasing popularity rests in 


melamine- 


the unique properties these ver- 
satile resins impart to an ex- 
tremely wide range of seemingly 
unrelated end products. 

The typical uses of amino resins 
include: 

Molding Alpha- 


cellulose-filled urea- and mela- 


compounds: 


mine-formaldehyde are noted for 
their durability, wide color range, 
electrical properties, and 
appliance housings, 
buttons, dinnerware, wiring de- 


hard 
surfaces in 


vices, and closures. 

Adhesives: Excellent strength 
and light color for plywood and 
furniture gluing 

Textile Added crease 
and wrinkle resistance for cloth. 

Paper-treating 


resins 
resins: Impart 
added wet strength and folding 
endurance to all types of paper 
products contacting moisture. 
Laminating resins: For the sur- 
face of decorative laminates mela- 
mine resins provide smoooth, hard 
surfaces, interesting decorative 
possibilities, and great durability. 
Coating resins: When used in 
conjunction with alkyd resins, the 
amino durable, 


enamels 


resins produce 


colorful, hard-surfaced 
for appliances and cars. 

Foundry resins: For dimension- 
ally precise sand cores and shell 
molds and cores 


Chemistry 


An amino resin is formed as 
the result of a chemical reaction 
between one of several amino 
chemicals and aldehydes under 
carefully controlled conditions of 
mol ratio, time, temperature, and 
pH 


rvi 


) \Fechnic Service Labora 
and Coal Chemicals Div Allied 
40 Rector St., New York, N.Y. 


were prepared by the editors. 


Urea, NH.-CO-NHs, is the 
amide of carbamic acid. It is a 
white crystalline material pro- 
duced by reacting carbon dioxide 
and ammonia in autoclaves at 
135 to 195° C. and 70 to 230 at- 
mospheres. 

Melamine is the amide of cya- 
nuric acid (see formula below). It 
is a white crystalline compound 
resulting from the elevated tem- 
perature polymerization of cyan- 
amide obtained from calcium cy- 
anamide. 


N 


N N 
C—NH, 


Formaldehyde, HCHO, is man- 
ufactured by the catalytic oxida- 
tion of methanol vapor. It is a gas, 
but is usually sold, transported, 
and used either in an aqueous 
solution of 37% formaldehyde 
(called formalin), or in a solid 
polymeric state. Small amounts 
of ethanol and formic acid arising 
from the manufacturing process 
are impurities in the commercial 
solution. Since resin condensa- 
tions are affected by the presence 
of these two materials, it is cus- 
tomary to specify the composition 
of formaldehyde solutions within 
very close limits. 

Intermediates, obtained from a 
partial reaction of urea and for- 
maldehyde, are employed by cer- 
tain resin manufacturers because 
these materials require less water 
in the solution than formalin for 
shipment and storage. Further- 
more, they can be pumped di- 
rectly from the storage tank to the 
reactor without the necessity of 
maintaining the separate storage 
facilities necessary for formalin. 
Intermediates include dimethylol 
urea and partially reacted urea- 
formaldehyde where adjustments 
in mol ratio can be made by the 
addition of urea to the solution. 

Urea resins: In the production 
of urea-formaldehyde resins, me- 


thylol ureas are formed as indi- 
cated by these formulas: 


NH,—CO—NH:+HCHO — 
NH, —CO—NH-—CH,;0OH 


NH, —CO—NH,+2HCHO — 
CO(NH—CH,.OH), 
Two mols of formaldehyde may 
react with one mol of urea as in- 
dicated, but in actual practice the 
mol ratio is depending 
upon the commercial application. 
The methylol ureas condense 
under slightly acidic conditions 
with liberation of water to pro- 


varied 


duce sirups. The sirups are used 
in much the same form as pro- 
duced for some applications such 
as adhesive solutions, or as basic 
materials for compounding, as is 
the case with molding compounds. 
The mechanism of the conden- 
sation is not fully established and 
possibly somewhat, but 
there is evidence of the forma- 
tion of three-dimensional struc- 


varies 


tures through methylene cross- 
linkages: 


CH 
N—CH,. —-N—C—N-—CH,—-N-— 


O CH 


In the preparation of resins for 
surface coatings, the dimethylol 
compounds are reacted with alco- 
hols in the presence of acids to 
form alkoxy compounds. These 
compounds condense with libera- 
tion of part of the combined alco- 
hol to resinous products 
soluble in organic solvents. 

The basic resinous materials 
can take the form of clear, water- 
white sirups or dry white pow- 
ders. The powders are usually 
soluble in water. Conversion to 
the insoluble and infusible stage 
occurs in the presence of acids or 
materials which react with for- 
maldehyde to produce acidity. 
Heat is usually used in commer- 
cial applications to promote the 
cure of the resin. However, cata- 
lysts have been developed that 
make room-temperature curing 
practical in some cases, such as 
adhesives. 


form 


Melamine resins: Melamine re- 
acts with up to 6 mols of for- 
maldehyde to form methylol com- 
pounds. The mechanisms by 
which the methylol compounds 
condense to resinous products are 


probably similar to those in- 
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volved in the condensation of 
methylol ureas. The triazine rings 
are probably cross-linked into 
three-dimensional structures by 
methylene groups. 

In general, products based upon 
melamine-formaldehyde resins 
are more resistant to heat and 
water than those based on urea- 
formaldehyde. 


Molding compounds 


Alpha-cellulose-filled urea-for- 
maldehyde and _ melamine-for- 
maldehyde molding compounds 
are well-known for their dura- 
bility, wide range of colors, elec- 
trical properties, resistance to 
common solvents, very hard sur- 
faces, and utility in lighting appli- 
cations. 

For a number of industrial uses, 
mineral and glass fiber fillers are 
used further to enhance the elec- 
trical properties and strength of 
melamine compounds. Urea com- 
pounds, such as the new wood- 
filled urea', are also made with 
wood flour filler. Although the 
color range of wood-filled mate- 
rials is somewhat limited, it is an 
economical material that offers 
advantages in applications such as 
wiring devices and closures be- 
cause of its electrical properties, 
solvent resistance, and color fast- 
ness. 

Alpha-cellulose-filled materials 
are produced by thoroughly im- 
pregnating cellulose pulp with 
the aqueous urea- or melamine- 
formaldehyde sirup. The 
pulp is carefully 
dried under controlled conditions 
of heat and humidity and then 
ground to a fine powder. 

Dyes or pigments, lubricants, 
and catalysts are added and the 
fine powder is densified. The den- 
sified product is then crushed so 
that the finished molding com- 
pound is in the form of granules. 
The molder can select a grade of 
molding material suitable for spe- 
cific molding conditions because 
urea and melamine compounds 
are available in a wide range of 
plasticities from very soft to hard, 


resin 
impregnated 


and in a range of cure speeds. 
Urea molding compounds: The 
color, strength, electrical proper- 
ties, translucency, and surface fin- 
ish of products molded of alpha- 
celluiose-filled 


urea compounds 


Allied Chen 


cal Corp 


AMINO RESINS 


also have eye and sales appeal. 
They are used for items such as 
buttons, lighting fixtures, con- 
tainers, closures for cosmetics, ra- 
dio and television housings, clock 
cases, and knobs and handles. 

In the case of wood-filled urea, 
the color of the filler limits color 
possibilities. However, the avail- 
able colors are attractive and 
colorfast. The lower cost of these 
compounds makes them attractive 
for closures, wiring devices, and 
other end uses. 

Parts molded of urea-formalde- 
hyde compounds are odorless, 
tasteless, and chemically stable. 
They have a low burning rate or 
are self-extinguishing. Their re- 
sistance to organic solvents and 
weak acids and alkalies is good, 
and they are not affected by solu- 
tions used in the dry cleaning 
process. Their surfacés are very 
hard and durable and have good 
abrasion resistance. Molded pieces 
have excellent strength properties 
and electrical characteristics, in- 
cluding high arc resistance. While 
urea-formaldehyde parts can be 
exposed to hot without 
softening, continuous contact with 
hot water may 


water 
cause surface 
crazing. 

The materials are _ usually 
molded within the temperature 
range of 275 to 325° F. and at 
pressures ranging from 2000 to 
8000 p.s.i. Greater control must be 


exercised when molding urea than 
phenolics or melamine-formalde- 
hyde compounds because it does 
not flow quite as readily and gen- 
erally sets and cures slightly 
faster in the mold at a given 
temperature. 

Melamine molding compounds: 
Moldings of alpha-cellulose mela- 
mine compounds are similar in 
appearance to those of the ureas. 
However, their greater resistance 
to heat, water, acids, and alkalies 
permits their use in more de- 
manding applications such as ta- 
bleware and other kitchen appli- 
cations, haspital and nursery 
equipment, and a number of elec- 
trical parts. They withstand steam 
and autoclave sterilizing. 

By far the most successful ap- 
plication and largest single out- 
let for melamine molding com- 
pounds is fine quality dinnerware 
Decorative overlays, in a wide 
variety of designs and colors, are 
becoming very popular in this 
area. Unlike a decal, the overlay 
(a melamine-impregnated foil) 
actually becomes an integral part 
of the dinnerware so it will never 
wash or wear off. This same prin- 
ciple can be applied to other mel- 
amine or urea moldings such as 
clock faces, and appliance in- 
struction panels. 

The properties of melamine 
molding compounds vary widely 


filler 


according to the type of 


Chessmen with the look and feel of costly ivory are molded of 
melamine in a 9-cavity transfer mold. (Photo, Plaskon, Allied) 





Soft-drink dispenser with 
front and back panels and 
base molded of melamine 
makes a sanitary, attrac- 
tive, and rugged fixture for 
restaurants. (Photo, Ameri- 
can Cyanamid) 


used. Wood flour, minerals such 
as asbestos, cotton fabric, and 
glass fibers are used for special- 
ized applications. The choice of 
filler is dependent upon the bal- 
ance of properties needed. Each 
filler is used to emphasize one or 
more specific properties but usu- 
ally at a sacrifice in some other 
area. Wood flour is used for low 
cost and low specific gravity, cot- 
ton fabric for strength and low 
specific gravity, mineral fillers for 
improved electrical properties and 
heat resistance, and glass fibers 
for strength. 


Adhesives 


Urea formaldehyde resin adhe- 
sives are widely used in the man- 
ufacture of plywood, assembly 
gluing by woodworking firms, the 
furniture industry, the manufac- 
ture of flush-type doors, and the 
manufacture of particle board. 
Their advantages include good 
bonding properties, light color, 
excellent working qualities, ease 
of storing, and resistance to water 


and fungi. The adhesives are 


available as both liquids and pow- 
ders, often with a variety of hard- 
eners, so that they can be cured 


at temperatures ranging from 
room temperature up to 250° F. 
at varying cure speeds. High- 
frequency, electrical, and steam- 
heated devices are often used to 
accelerate cure. Cost reductions 
can be effected in applications 
that do not require high water- 
resistance by using soft wheat 
flour extenders. Urea adhesives 
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can be fortified with resorcinol or 
melamine resins for use in appli- 
cations requiring resistance to 
water. Craze-resistant 
products are available that permit 
glue lines up to 0.02 in. thick in 
assembly gluing. 


boiling 


The newest volume application 
of urea adhesives is in the manu- 
facture of particle boards used 
largely as core stock. Horizontal 
extruding machines can be used 
to form board of any desired 
length. Approximately a 65% 
solids adhesive solution is used 
in an amount to provide about 
7.5 lb. of adhesive solids for each 
100 lb. of wood particles. 

Although melamine resins can 
produce excellent bonds between 
a variety of materials, they are 
usually employed commercially 
as fortifiers for urea-formalde- 
hyde adhesives. Melamine-urea 
types cannot be cold-set. 


Textile resins 


Low-molecular-weight  urea- 
formaldehyde condensation prod- 
ucts are useful for the impregna- 
tion of cotton and rayon textile 
fabrics to develop improved 
crease resistance. The cloth is im- 
pregnated with the resin, contain- 
ing an appropriate catalyst. The 
resin is cured by heating the cloth 
at temperatures ranging usually 
from 200 to 250° F. Other types, 
usually of higher molecular 
weight, are employed in various 
stiffening processes. 

Melamine-formaldehyde resins 
are employed in the treatment of 
wool, cotton, rayon, and other 
fabrics to impart shrink resist- 
ance, wrinkle resistance, water 
and stain repellency, and fire re- 
tardance. Generally, the melamine 
resin is applied to the fabric from 
a water solution. The fabric is 
then dried at a temperature high 
enough to cure the resin, and fi- 
nally washed out. 


Paper treating 


Both urea- and melamine- 
formaldehyde condensation prod- 
ucts are used to impart wet 
strength to paper for such con- 
sumer items as facial tissues, 
toweling, butcher wrap, and agri- 
cultural crate liners. The conden- 
sation products are modified to 
give cationic resin molecules that 
are attracted to the negatively 


charged paper fibers. The resin is 
usually added to the beater of 
the paper machine and it cures as 
the paper is dried. In addition to 
improving the wet strength sever- 
alfold, the dry strength is also 
somewhat improved. 


Laminating resins 

Melamine laminating resins 
have enjoyed their greatest ac- 
ceptance in the production of 
hard, durable, and washable dec- 
orative laminates for tabletops 
and similar applications. In the 
process, paper is impregnated 
with the resin solution and then 
dried. Several sheets of the im- 
pregnated paper can then be 
laminated in a platen press and 
cured for 15 to 30 min. at tem- 
peratures of 290 to 320° F. and 
pressures from 1000 to 2000 p.s.i. 
The sheets are also used as over- 
lays for phenolic laminates. 


Surface coatings 


Both alkylated urea- and mel- 
amine-formaldehyde products are 
used with alkyd resins in the pro- 
duction of hard, durable baking 
enamels for refrigerators, auto- 
mobiles, and kitchen and hospital 
furnishings. Resins of both types 
promote hardness of the enamel 
film with resultant mar resistance, 
resistance to soap, water, and 
mild acids, and excellent color 
retention. The melamine resins 
impart greater color retention at 
elevated temperature and im- 
proved mar and water resistance. 
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Cellulosics 


ee... of the synthetic plas- 
tics is cellulose nitrate, dating 
back to the work of Braconnot in 
France, 1833. Schoenbein, Ger- 
many, 1845, and Parkes, England, 
1855-65, also experimented with 
cellulose nitrate; but John Wesley 
Hyatt, United States, is generally 
credited with being the first to 
work successfully with this ma- 
terial as a plastic mass rather 
than in solution. In 1869 he and 
his brother took out a patent for 
making solid collodion (Cellu- 
loid) which was the pioneer ma- 
terial for many processes and 
applications used in the plastics 
industry. 

Meanwhile, in an effort to dis- 
cover a less flammable material, 
research conducted by Schiitzen- 
berger and Cross and Bevan 
(1894) led toward the develop- 
ment of cellulose acetate. Prepa- 
ration of a plastic from cellulose 
acetate was first mentioned in 
U. S. patent literature in 1903. 

As early as 1912, cellulose ace- 
tate found outlet in photographic 
film. In World War I, it was em- 
ployed in dopes for airfoil cover- 
ings. Later, a process was devel- 
oped for making cellulose acetate 
filament which could be woven 
into fabric.2 Cellulose acetate 
sheets, rods, and tubes appeared 
on the U. S. market in 1927. This 
was followed by the appearance 
of cellulose acetate molding pow- 
ders in 1929. 

Research on treatment of cellu- 
lose with higher aliphatic acids 
resulted in a U. S. patent for the 
manufacture of cellulose acetate 
butyrate, issued to Clarke and 
Malm in 1932. The material ap- 
peared on the market at that time 
for use in protective coatings. The 
molding composition followed in 
1938. 

Among the cellulose esters, 
cellulose propionate is the most 
recent commercial plastic. 

; Paragraphs on Cellulose Acetate prepared by 
Celanese Corp. of America; Cellulose Acetate 
Butyrate prepared by Eastman Chemical Prod- 
icts, Inc.; Cellulose Propionate prepared by 
Celanese Corp. of America: Ethvl Cellulose 
repared by Dow Chemical Co.; Hydroxyethyl 
Cellulose prepared by American Viscose Corp 
4, AR Re to A. Ejichengriin and 


Developed by Celanese Corp. of America. 
References were prepared by the editors. 
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The possibility of using a cellu- 
lose ether as an industrially use- 
ful product was proposed in 1912 
by Leuchs in Germany, Lilienfeld 
in Austria, and Dreyfus in France. 
Lilienfeld was granted a U. S. 
patent® in 1917 for use of ethyl 
cellulose in a plastic composition. 
In 1935 and 1937, respectively, two 
of the current manufacturers? 
undertook commercial production 
of this material. 

Other cellulose ethers have also 
proved commercially useful; 
among these are methyl cellulose, 
carboxymethyl cellulose, and hy- 
droxyethyl cellulose. 

The cellulosics are prepared by 
various treatments of carefully 
purified cotton linters or wood 
cellulose having a high alpha- 
cellulose content. The cellulose 
molecule is composed of as many 
as 3000 glucosidic units. Each unit 
provides three hydroxyl groups 
for esterification. Controlling fac- 
tors in the preparation of the 
various cellulose esters and ethers 
are the condition of the cellulose, 
the kind and relative amounts of 
ingredients used, and the time, 
temperature, and agitation of re- 
action. 

Cellulose nitrate: Cellulose ni- 
trate is prepared by treating 
properly conditioned cellulose 
with a mixture of nitric and sul- 
furic acids. Spent acid is drained 
off by centrifuging. The nitrated 
material is given prolonged treat- 
ment with boiling water, bleached, 
washed repeatedly, and subjected 
to a dehydrating operation by 
which, under hydraulic pressure, 
most of the water is replaced by 
alcohol. 

Cellulose acetate: Preparation 
of cellulose acetate is accom- 
plished by treating cellulose with 
acetic acid and acetic anhydride 
in the presence of a catalyst such 
as sulfuric acid. Cellulose triace- 
tate of about 62.5% combined 
acetic acid content is formed by 
the reaction. This is soluble in the 
treating acids, forming a heavy 
dope. Water is added to partially 
hydrolyze or deacetylate the cel- 


8. S. Patent 1,217,027 
4 Hercules Powder Co., The Dow Chemical Co. 


lulose triacetate. Cellulose acetate 
is then precipitated ‘in 
washed, and dried. 

Cellulose acetate butyrate: To 
prepare cellulose acetate buty- 
rate, the cellulose is treated with 
a mixture of acetic and butyric 
acids and anhydrides, the amount 
of each ingredient depending 
upon the properties which it is 
desirable to have in the final 
product. 

Cellulose propionate: Similarly, 
the reaction of propionic acid and 
anhydride on 
presence of a catalyst yields cel- 
lulose propionate. 

Ethyl cellulose: Sodium cellu- 
lose is produced by the action of 
a strong alkali, such as sodium 
hydroxide, on cellulose. This is 
subsequently acted upon by 
ethylating agents, such as ethyl 
chloride or sulfate, which place 
the ethyl groups on the cellulose 
Ethyl cellulose thus 
formed is first washed and then 
purified. 

Carboxrymethyl cellulose: Car- 
boxymethyl cellulose 
glycolate) is composed of a car- 
boxylic acid bound to the cellu- 
lose molecule by an ether linkage. 
Upon treatment with a fairly 
strong acid, the sodium salt is 
converted to the free acid which 
is insoluble in water. In some 
cases other salts may be useful; 
the ammonium salt, on heating, 
loses ammonia and is thus con- 
verted to the free acid; the ad- 
dition of aluminun, iron, or other 
heavy metal ions converts the so- 
dium salt to insoluble compounds. 
The cellulose derivative is pre- 
cipitated from solution by ferric 
chloride, ferrous sulfate, stannous 
chloride, aluminum 
basic lead acetate. Barium nitrate 
produces a thixotropic gel. 

Hydroxyethyl cellulose: When 
ethylene oxide is reacted with 
cellulose, a caustic-soluble hy- 
droxyethyl cellulose is first pro- 
duced. As additional hydroxy- 
ethyl groups are attached, the 
cellulose derivative becomes more 


water, 


cellulose in the 


molecule. 


(cellulose 


sulfate, or 


and more water sensitive, until 
water solubility is 
Metallic ions, acids, or alkalies 


reached. 


cannot be used to precipitate hy- 
droxyethyl cellulose from the 
aqueous solution. 

Regenerated cellulose (cello- 
phane): For the preparation of 
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regenerated cellulose, sheets of 
sulfite wood are steeped in a 
carefully controlled solution of 
sodium hydroxide, resulting in a 
product sodium or 
alkali cellulose. Excess liquor is 
removed, and the alkali cellulose 
sheets are shredded and aged. 
Treatment with carbon disulfide 
follows, producing cellulose xan- 


known as 


thate. This, in turn, is mixed with 
dilute sodium hydroxide solution 
to yield a uniform colloidal sus- 
pension, or viscose, which is aged 
and filtered. Regeneration is ac- 
complished by extruding the vis- 
cose, in sheet form, into an acid 
coagulating bath which reacts 
with the viscose solution to form 
cellulose, sodium sulfate, and car- 


bon disulfide. 


Cellulose nitrate 


Compounding and processing: 
Several grades of cellulose nitrate 
are available, differing in nitrogen 
content as well as in the degree 
of viscosity. 

Complete esterification provides 
a nitrogen content of 14.16 per- 
cent. Cellulose nitrate used in ex- 
plosives contains approximately 
13%, that employed in lacquers 
and photographic film about 12%, 
and that in plastics about 11 per- 
cent. Although the chief differ- 
ence among the various grades is 
their rate of combustion, solubil- 
ity as well as compatibility with 
plasticizers are also variable fac- 
tors that have to be taken into 
consideration. 


Camphor is the standard plas- 


ticizer for cellulose nitrate, al- 
though small admixtures of other 
materials are also used. Alcohol- 
wet cellulose nitrate is colloided 
in masticating mixtures with the 
plasticizers and _ solvents, and 
strained under hydraulic pressure 
while in a soft condition. The 
material can be colored while be- 
ing worked in the mixer or dur- 
ing the subsequent rolling opera- 
tion, when some solvent has been 
evaporated. 

Plastic slabs from the rolls can 
be block-pressed and skived, or 
the mass containing a suitable 
proportion of solvent may be 
wet-extruded into tubes, rods, or 
sheeting 

General characteristics: Cellu- 
lose nitrate is the toughest of all 


thermoplastics. This quality and 
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Pearlescent effect in frames 
is created by adding fish- 
scales to extruded acetate. 
(Photo, Celanese) 


ease of fabrication are the chief 
advantages of the material. Other 
desirable properties of cellulose 
nitrate are its dimensional sta- 
bility, resilience, and low water 
absorption. 

Chief disadvantage of the ma- 
terial is its flammability. Plas- 
ticizers containing chlorine and 
phosphate as fire retardants have 
been employed, but these tend to 
reduce the strength of the result- 
ing plastic. Another disadvantage 
of the material is its tendency to 
discolor and become brittle under 
the effects of sunlight. 

Cellulose nitrate is not adapt- 
able for compression or injection 
molding because of its sensitivity 
to heat. However, it is readily 
formed into hollow articles by ap- 
plication of air or liquid pressure 
between heated sheets, expanding 
them to the shape of a retaining 
mold. By other methods of fabri- 
cation, sheets, rods, and tubes are 
converted into many items of dec- 
orative and functional value, such 
as personal accessories, toilet ar- 
ticles, and various types of in- 
dustrial pieces. 


Cellulose acetate 

Compounding and processing: 
Cellulose acetate molding com- 
positions are made from cellulose 
flake, 


ments, and dyes. In the manufac- 


acetate plasticizers, pig- 
ture of cellulose acetate molding 
and extrusion compounds, the 
flake is mixed with suitable plas- 
ticizers and colorants. Mixing is 
carried out on heated compound- 


ing rolls, in an extruder, or in a 
Banbury-type mechanical mixer. 
Processing temperatures are in 
the 350 to 500° F. range. Plasti- 
cizers used are normally simple 
organic esters, liquids of high 
boiling point and low vapor pres- 
sure, added in amounts of 10 to 
70 parts per 100 parts of cellulose 
acetate. The plasticizer employed 
is dependent upon the properties 
desired in the finished composi- 
tion. After mixing and colloiding, 
the material is cut into granules 
or pellets of the desired size and 
shape for use in injection molding 
or extrusion. 

General characteristics: Cellu- 
lose acetate plastics are notable 
for their outstanding toughness 
and high impact strength. They 
are stable at room temperatures, 
with good resistance to discolora- 
tion or deterioration induced by 
sunlight. Materials can be pro- 
duced over a wide range of rich 
lustrous colors, including translu- 
cents, transparents, and special 
color effects. Cellulose acetate is a 
insulator. The 
clear material transmits a high 
percentage of ultra-violet light. 


good _ electrical 


Available in different 


types, cellulose acetate is adapt- 


many 


able to a wide application range. 
The properties of the material are 
dependent to a large degree on 
the flow type selected. 
Present-day uses of cellulose 
acetate have been further broad- 
ened by the increasing trend to- 
wards formulating for specific end 
uses. Selection of the proper flake, 
combined with suitable plasti- 
cizers, yields compositions with 
the characteristics important to 
specific applications. The im- 
portant properties that can be 
“built in” to cellulose acetate in- 
clude flame resistance, resistance 
dimen- 
sional stability, reduced plasti- 


to blushing, improved 
cizer migration, inertness to other 
plastics such as acrylics and sty- 
renes, and resistance to specific 
chemicals, e.g., dichlorobenzene. 

Applications: Large-volume 
markets for cellulose acetate are 
beads, cutlery handles, 
knobs, electrical parts, and hous- 


toys, 


ings for small-motored electrical 
appliances. In sheet form, cellu- 
lose acetate is widely used as a 
packaging material, electric in- 
Vacuum 


sulation, and _ tape. 
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Buoy molded of butyrate is unaffected by salt water and relatively 
free from maintenance problems. (Photo, Eastman) 


formed sheeting is in growing use 
in the fabrication of displays, cus- 
tom packaging, and small house- 
hold and personal products. 

Another large-volume applica- 
tion for acetate is ladies’ shoe 
heels. The molded acetate heels 
are claimed to cost from 2 to 4¢ 
less than wooden heels with lac- 
quer applied and are character- 
ized by resilience and toughness. 
Consumption of acetate for heels 
was estimated at about 750,000 
lb. a month for 1957. 

During 1957 there has been a 
greater demand for fire-resistant 
cellulose acetate formulations in 
many housing applications. There 
is also a steady increase in the 
use of extruded and cast cellulose 


acetate film for produce wrapping. 
New formulations in clear, trans- 
parent extruded and cast film 
have been offered for special ap- 
plications 


requiring protection 
from ultra-violet light. These ma- 
terials contain special ultra-violet 
absorbing agents and have been 
found valuable for produce wrap- 
ping, wrapping of polyurethane 
sponges, and, in the thicker gages, 
for store window shades. 

There is also a _ special cast 
film for producing a crackle or 
wrinkled finish on glass-poly- 
ester laminate sheets. It is used as 
a separating medium when the 
polyester sheets are made. The 
film also finds use as a separator 
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sheet in the polishing of vinyls 
and is used to avoid blocking 
when these sheets are shipped. 

The use of cellulose acetate 
film in sound recording and com- 
puter tapes has grown consider- 


ably. 


Cellulose acetate butyrate 


Compounding and processing: 
Cellulose acetate butyrate re- 
quires less plasticizer than does 
cellulose acetate. In general, the 
mixed ester has greater solubility 
in a wider range of solvents and is 
compatible with a greater number 
of plasticizers. Pigments and dyes 
give translucency and color. 

Cellulose acetate butyrate plas- 
tics are ordinarily shaped by in- 
jection molding and continuous 
extrusion. The material can be 
injection molded at the highest 
speeds possible with plastics. 
Large, intricately shaped articles 
can be molded in single molds. 

The material is suitable for 
continuous extrusion under heat 
and pressure without the use of 
solvents. Extruded sections can 
have close tolerances. 

Compared to cellulose acetate, 
cellulose acetate butyrate re- 
quires less pressure in molding 
than is indicated by flow desig- 
nation. To a certain point, flow 
increases uniformly with tem- 
perature, but the material flows 
considerably faster beyond this 


critical point. Thus it is possible 
to obtain grades which, below 
molding temperatures, have rela- 
tively high resistance to heat, but 
flow at molding temperature. 

In general, cellulose acetate 
butyrate has greater dimensional 
stability, or resistance to distor- 
tion under varying conditions of 
temperature and humidity, than 
cellulose acetate. This is due in 
part to cellulose acetate butyrate 
being less hygroscopic in nature, 
absorbing upon immersion about 
the same amount of water as 
nitrocellulose but only about half 
as much as cellulose acetate. An- 
other reason for its better dimen- 
sional stability is that cellulose 
acetate butyrate requires con- 
siderably less plasticizer to obtain 
a given degree of flow and, in 
general, the smaller the quantity 
of plasticizer used, the better it is 
retained in the plastic. The lower 
viscosity of cellulose acetate buty- 
rate at ordinary molding temper- 
atures tends to provide better 
welds. In addition, it is possible 
to use plasticizers in cellulose 
acetate butyrate that have higher 
boiling points, lower vapor pres- 
sures, and greater compatibility 
with the ester than those suitable 
for use in cellulose acetate. These 
factors combine to give cellulose 
acetate butyrate exceptional per- 
manence and dimensional stabil- 
ity. 

General characteristics: The 
primary physical properties of 
cellulose acetate butyrate are a 
horn-like toughness, high impact 
strength, uniform texture, di- 
mensional stability under nor- 
mally varying conditions of 
temperature and humidity, and 
low moisture absorption. The 
light in 
weight, and has a high surface 
luster, dielectric strength, and 
low heat conductivity. It is avail- 
able in more than 39,000 colors 
and color effects. Cellulose ace- 


material is resilient, 


tate butyrate is available in crys- 
tal-like clear transparent, an 
almost unlimited color range in 
transparent and translucent plain 
colors, variegations or mottles, 
and in pearlescents and metallic 
effects. Certain special essences 
can be added to cellulose acetate 
butyrate to give a pleasant posi- 
tive odor to molded pieces. 


Underwriters’ Laboratories, 





Inc., has classified cellulose ace- 
tate butyrate as: “Slow Burning.” 
The Laboratories also _ report, 
“The fire hazard of this product 
in use and storage is judged to be 
small, being somewhat less than 
would be presented by common 
newsprint paper in the same form 
and quantity.” 

If kept clean, cellulose acetate 
butyrate sprue and runner scrap, 
and incomplete rejected parts that 
were not overheated in the initial 
molding, can be granulated and 
remolded, thus providing practi- 
cally 100% utility of the material 
and minimizing waste. It is sug- 
gested, however, that clean re- 
ground material be blended with 
virgin material to avoid remold- 
ing the same material an exces- 
sive number of times. 

An important consideration in 
the molding or extrusion of cellu- 
lose ester plastics is the complete 
drying of the materials prior to 
use. Insufficient drying causes 
surface defects and bubbles or 
other imperfections in the molded 
or extruded product. 

Special formulations of cellu- 
lose acetate butvrate having ex- 
ceptional weather resistance are 
available for outdoor applications. 
Cellulose acetate butyrate sheet is 
rapidly formed by vacuum, air 
pressure, mechanical pressure, or 
combinations of these, into signs 
for both outdoor and indoor use. 
Intricate shapes can be formed 
which are strong even in thin sec- 
tions and can be _ beautifully 
decorated by silk screening or 
lacquering. 

Like cellulose acetate, cellulose 
acetate butyrate is easily fabri- 
cated and machined with tools 
used for wood and metal. Molded 
and extruded pieces can be ce- 
mented in a bond as strong as the 
material itself. Cellulose acetate 
butyrate is not compatible with 
cellulose acetate. 

Applications: Vacuum metaliz- 
ing or plating articles molded or 
extruded from cellulose acetate 
butyrate is readily permitted be- 
cause of the low plasticizer con- 
tent necessary for a given degree 
of flow. Molded cellulose acetate 
butyrate photoflash — reflectors 
vacuum metalized with a mirror- 
like, metallic coating are prov- 
ing far superior to the old satin- 
finish aluminum reflectors. It is 
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reported that metalized cellulose 
acetate butyrate reflectors give 
about 50% more illumination for 
flash photography than common 
satin-finish reflectors. 

Outstanding qualities of excel- 
lent formability, weather-resis- 
tance, light weight, toughness, 
and resilience make sheet ex- 
truded of cellulose acetate buty- 
rate exceptionally well-suited for 
vacuum forming indoor and out- 
door signs. Thin sheets extruded 
from cellulose acetate butyrate 
are gaining favor for greenhouse 
coverings because of excellent 
clarity and weather resistance. 
Another item involving continu- 
ous outdoor exposure is tree- 
guards extruded from cellulose 
acetate butyrate. These black 
tree-guards are being used by the 
telephone companies to protect 
wire from abrasion caused by 
contact with tree branches and 
are said to have a life expectancy 
of better than 10 years. 

Blister and skin packages vac- 
uum formed of cellulose acetate 
butyrate sheet are becoming in- 
creasingly popular because of 
excellent clarity, light 
weight, toughness, ease of form- 
ing, and brilliant luster. 


their 


Typical molded applications of 
cellulose acetate butyrate are: 
screwdriver handles, photo- 
graphic reels, housings, steering 
wheels, automobile armrests, tele- 
phones, football helmets and face 
protectors, knobs, cutlery han- 
dles, pistol grips, business ma- 
chine keys, toothbrush handles, 
tool handles, fish-net floats, fish- 
ing lures, hearing aid parts, 
optical frames, ladies’ shoe heels, 
and other products. 

Typical extruded applications 
of cellulose acetate butyrate are: 
pipe for irrigation, salt water dis- 
posal, gas service lines, electrical 
conduit for telephone and power 
cables, tubing. 
film for packaging, sheeting for 


small-diameter 


vacuum forming and other uses, 
profile decorative 
molding trim, window channels, 
pneumatic tubes, pneumatic tube 


carriers, explosion-vent window 


shapes for 


panes, and storm windows. 


Cellulose propionate 
Compounding and processing: 

Cellulose propionate requires less 

than half the plasticizer needed 


to produce cellulose acetate plas- 
tics of comparable flexural 
strength. It is compatible with 
a considerably larger number 
of plasticizers; compounds can 
therefore be plasticized and 
modified to produce moldings of 
a great variety of properties. 

Cellulose propionate is best 
suited to injection molding and 
extrusion. It has excellent flow 
characteristics which provide 
molding temperatures over a 
range of 80° F. Unless inserts, 
machine limitations, heavy cross- 
sections, or ribbings are involved, 
it has a shorter cycle than other 
cellulosics. In all except the hard- 
est compositions there is no trace 
of skin or laminations. 

General characteristics: Cellu- 
lose propionate is an unusually 
stable cellulose ester, emitting 
no odor of propionic acid either 
during molding or in the finished 
piece. Retention of plasticizer is 
excellent. Weatherability charac- 
teristics are superior to cellulose 
acetate while being equivalent 


and, in some instances, superior 


to other cellulosic molding mate- 
rials. Although not miscible with 
cellulose acetate, ethyl cellulose, 
or resinous plastics such as poly- 
styrene, cellulose propionate is 
compatible with cellulose acetate 
butyrate. 

Among the cellulosics, cellulose 
propionate is close to ethyl cellu- 
lose in toughness and shock re- 
sistance. High shock resistance is 
maintained without sacrifice of 
other desirable characteristics; 


Transparent, tough cover 
for outdoor newspaper rack 
is vacuum formed of buty- 
rate. (Photo, Eastman) 
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articles produced from cellulose 
propionate can be printed and 
lacquered without fear of tacki- 
ness. Weld lines are almost un- 
noticeable, and weld strength is 
high, as indicated by both impact 
and tensile strength tests. Surface 
finish of injection molded pieces 
is brilliant and so lustrous and 
free from smudges that many 
parts require no buffing or similar 
finishing operation. 

Applications: Current markets 
for cellulose propionate are auto- 
motive parts, pens and pencils, 
telephone housings, ladies’ shoe 
heels, toys, radio and television 
parts, toothbrushes, and sunglass 
frames. Special formulations are 
also available for potable water 
applications. 

The use of cellulose propionate 
in the automotive industry is 
increasing as is its use in indus- 
trial applications. 


Ethy! cellulose 


Compounding and processing: 
Ethyl cellulose is available as 
molding and extrusion powders, 
cast sheet and film, and flake. 
Cast sheets are now available in 
widths up to 40 in., an increase of 
10 in. over the widest cast sheet 
previously available. The natural 
color of the polymer is amber, but 
it is available in a full range of 
transparent, translucent, and 
opaque colors. 

Maximum physical properties 
are obtained on conventional in- 
jection molding equipment if the 
molding is carried out at cylinder 
temperatures near the thermal 
decomposition point with mold 
temperatures in the 120 to 160 
F. range. A good rule to fol- 
low in starting up a mold with 
ethyl cellulose is to increase the 
cylinder temperatures until slight 
discoloration is noted and then 
back off 10° F. The cylinder tem- 
perature at which this discolora- 
tion is usually noted is 455° F. 

10° F., depending on the equip- 
ment in use. 

Proper extrusion temperatures 
are determined in somewhat the 
same manner as those for injec- 
tion molding. A _ good starting 
point is 400° F., with adjustments 
made as from this 
point. The die temperature is 
usually held slightly lower than 
the extruder temperature. Ex- 


necessary 
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Toughness and glossy finish 
make propionate ideal for 
shaver case and intercom 
housing. (Photo, Celanese) 


truded ethyl cellulose is charac- 
terized by its high surface gloss 
and lack of surface imperfections. 
Ethyl lends _ itself 
readily to the vacuum forming 
operations without the necessity 
of special equipment. The tem- 
perature range required for form- 
ing is critical if premium quality 
parts are to be obtained. 
Compression molding can also 
be carried out on standard equip- 
ment at temperatures in the 350 
to 380° F. range and pressures 
of 3000 p.s.i. 1000 p.s.i. Com- 
pression molded parts of ethyl 
cellulose have the same excellent 


cellulose 


surface as injection molded or ex- 
truded parts. 

General characteristics: The 
general characteristics of ethyl 
cellulose can to some extent be 
controlled. If the degree of ethyl- 
ation is held in the 48 to 49.5% 
range, a product is obtained with 
higher compatability with various 
modifying agents. This grade of 
material, generally used in coat- 
ing applications, has lower soften- 
ing temperatures, wider solubility, 
and good water resistance. If 
ethylation is held at 46 to 48%, 
the resulting material is found to 
be tougher, and to possess better 
low-temperature properties. This 
grade of polymer is used as the 
base for molding powders. 
over-all 
properties can also be controlled 
by varying the modifying agents 
used in compounding the resin. 
Compatibility with a wide range 
of modifiers 


The viscosity and 


including — esters, 


natural resins, resin acids and 
esters, tars, and waxes allows 
ethyl cellulose to be formulated 
to meet specific requirements and 
makes it one of the most versatile 
of the thermoplastics. 

Ethyl cellulose has the lowest 
density of the commercial cellu- 
losic plastics. The density varies 
from 1.07 to 1.18, depending 
greatly on the various ways in 
which the base polymer is pre- 
pared and modified. This feature 
gives ethyl cellulose some ad- 
vantage when volume-costs are 
computed as compared to weight- 
costs with other cellulosics. 

Ethyl cellulose has superior 
properties, excellent 
dimensional stability, and low 
water-absorption rates. 


electrical 


Applications: The excellent 
physical properties of ethyl cel- 
lulose can be illustrated by con- 
sidering a few of the applications 
in which it is used. Football hel- 
mets, bowling pin bases, and floor 
sweeper parts are among the ap- 
plications where the ability of 
ethyl cellulose to withstand heavy 
abuse is used to advantage. 

New 
heat-resistant formulations have 
recently been introduced, further 
expanding the range of formula- 


high-impact and _ high 


tions already available. 

Ethyl cellulose is also used in 
flashlight cases, furniture trim, 
refrigerator breaker strips, lug- 
gage, military applications, and 
various extruded tubings. 


Carboxymethy! cellulose 


Compounding and processing: 
This cellulose derivative is com- 
varying 
with many water-soluble plasti- 


patible in proportions 


cizers, natural gums, and other 
Highly 


stable, aqueous solutions can be 


film formers. viscous, 
obtained which, upon evapora- 
tion, leave colorless, tough, trans- 
parent films that are unaffected 
by most organic solvents, oils, and 
greases. 

Car- 


boxymethyl cellulose is available 


General characteristics: 
in three viscosity types: low, me- 
dium, and high. These products 
can be rapidly dissolved in water- 
ethanol mixtures, when the alco- 
hol does not exceed 50% of the 
mixture. Films cast from sodium 
carboxymethy] cellulose solutions 


and painted with solutions of 
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aluminum sulfate, barium nitrate, 
stannous chloride, basic lead ace- 
tate, ferric chloride, or ferrous 
sulfate are insoluble in water. The 
solutions of sodium carboxy- 
methyl cellulose are commonly 
utilized for their thickening prop- 
erties as viscosity control agents 
in the preparation of latex emul- 
sions, as emulsifying agents in 
the preparation of oil-in-water 
solutions, and as bases for oint- 
ments, boiler compounds, oil- 
drilling muds, and _ insecticides. 
Other applications for this cellu- 
lose derivative are as coatings for 
carton board used in the manu- 
facture of containers which must 
be greaseproof. 


Hydroxyethy! cellulose 

These hydroxyethyl ethers of 
cellulose are made by reacting 
alkali cellulose with ethylene ox- 
ide. The properties and charac- 
teristics of the ethers will depend 
upon: 1) the number of hydroxy- 
ethyl groups introduced into the 
cellulose (Degree of Substitution 
or D. S.); and 2) the degree of 
polymerization or chain length 
of the basic cellulose. 

Two distinct classes of ethers 
can be made: those which are 
soluble in aqueous sodium hy- 
droxide solutions and insoluble 
in water (D. S. about 0.3 to 2.5) 
and those which are soluble in 
water (D. S. over 2.5). The size 
of the cellulose molecule will also 
affect the solubility, and since 
the hydroxyethyl group contains 
an active hydrogen atom, long 
branch chains can be built up. 
Ethers soluble in organic solvents 
have been made. 

By controlling the molecular 
size, ethers can be made which 
will form good self-supporting 
transparent films, weaker films, 
and, if degraded far enough, will 
deposit as a powder. 

The ethers which are soluble in 
aqueous sodium hydroxide solu- 
tions can be regenerated by neu- 
tralization of the alkali. The al- 
kali-soluble ethers can be used 
as textile finishes by padding on 
the solution and then neutral- 
ization. The type of finish is con- 


trolled by the molecular size 


which is measured by the vis- 
cosity of the solution. Ethers can 
be made to give a stiff, crisp 
finish or a soft handle. The finish 


is permanent and abrasion re- 
sistance is improved. In a similar 
way, paper can be coated. Pig- 
ments can be bound for dyeing or 
printing, e.g., finishing and print- 
ing of scrim for camouflage cloth. 

The alkaline solutions can be 
extruded into an acid bath 
through a wide slit to form a 
transparent film, or through an 
orifice to form a filament. 

The water-soluble ethers can 
also be prepared with different 
molecular sizes and viscosities so 
that on evaporation of the water, 
a good film, a weak film, or a 
powder will deposit. The water- 
soluble film or deposit can be 
made water-resistant by cross- 
linking with formaldehyde, gly- 
oxal, and a urea- or melamine- 
formaldehyde resin. 

Like a regenerated cellulose 
film, the ether films can be made 
more flexible by adding certain 
humectants, such as the poly- 
hydric alcohols. 

They are compatible with most 
water-soluble gums. 

Unlike the alkyl cellulose 
ethers which are insoluble in hot 
water, the hydroxyalkyl cellu- 
lose ethers are soluble in both 
hot and cold water. 

Uses for the water-soluble 
ethers include yarn sizing and 
textile finishing. Dimensional 
stability of a rayon fabric can be 
obtained with these materials. 
They are also used as a protective 
colloid in latex polymerization, as 
thickening agents in cosmetics, 
and have been suggested for use 
in food products. Both types have 
been investigated by the paper 
industry. 

These ethers can be supplied as 
dry powders or in fibrous form 
similar to the wood pulp or cot- 
ton linters from which they are 
made. 


Cellophane 


Compounding and processing: 
The film, prepared by regenera- 
tion of cellulose from viscose so- 
lution, is immersed in successive 
purification baths, and finally in 
dilute solutions of glycerol or 
other softening agents which may 
also flameproof the film. The film 
is then dried to the desired mois- 
ture content and sheeted or slit 
into small rolls. If moistureproof 
film is desired, a coating com- 


position is applied in very thin 
layers on both sides of the cello- 
phane. 

General characteristics: Com- 
mercially, cellophane is the most 
widely available and least expen- 
sive film. It is easily fabricated, 
and especially adaptable to high- 
speed automatic machinery and 
to various printing techniques. 

Electrical properties of the 
material permit its use in indus- 
trial electrical equipment. The 
film serves not only as insulation 
but also as a protection against 
oil and grease. It is employed in 
low-pressure molding of lami- 
nates to prevent the material 
from sticking to the mold. Lam- 
inated to itself or to other mate- 
rials, it is used in packaging. 
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Cold Molded Organic Plastics 


ll molded plastics were in- 
troduced in the United States 
near the beginning of this cen- 
tury by Emile Hemming. They 
differ basically from the more 
common plastics molding ma- 
terials in that they must be baked 
after removal from the mold to 
oxidize and polymerize the binder 
materials. Cold molded plastics 
fall into two main categories 
based on the types of binders 
employed—organic, and inorganic 
or refractory. The organic ma- 
terials are divided into two types 
—bituminous (asphaltic binder) 
and synthetic resin (phenolic 
binder). Inorganic cold molded 
materials are discussed in the 
chapter on Inorganic Plastics. 
Asbestos is a common filler for all 
types and it provides high-heat 
resistance characteristics. 

Bituminous binder: This binder 
is composed of asphalt, gilsonite, 
stearine pitch, or vegetable pitch 
blended with oils, such as linseed, 
castor, and tung, to form a var- 
nish-like resin. This resin is re- 
duced to proper viscosity with 
solvents, mixed with asbestos 
fiber, seasoned, ground, and 
finally screened. 

Phenolic binder: Phenolic resin 
is treated with a solvent to pro- 


duce a solution of the proper 
viscosity; then it is mixed with 
asbestos fiber, seasoned, ground, 
and screened to proper size. 

Since the cold molded plastics 
can be squeezed into shape by 
pressure alone, production is 
rapid—as high as 3500 to 4000 
pieces/hour with certain types 
of equipment. Baking, required to 
set the piece after shaping, can 
be accomplished for a large num- 
ber of pieces simultaneously, and 
usually consumes one to several 
days depending upon the size and 
cross-section of. the piece. On 
small thin pieces the baking cycle 
may be considerably under 24 hr.; 
heavier cross-sections may re- 
quire up to 72 hours. When 
organic binders are used, the tem- 
perature starts at approximately 
175° F. and is raised in hourly 
increments of 10 to 20 degrees to 
approximately 450° F. 

Ease of fabrication varies ac- 
cording to the type and percent- 
age of abrasive components. Mold 
wear is also affected by abrasive 
content. In general, cold molded 
articles tolerate metal inserts. 

General characteristics: Cold 
molded articles usually lack the 
surface smoothness, gloss, and 
appearance that characterize hot 


Motor contactors and arc deflector use good electrical character- 
istics and high-heat resistance of cold molded plastics to advan- 


tage. (Photo, Rostone) 


COLD MOLDED ORGANIC PLASTICS 


Dimensional dif- 
relatively 
Through modification of com- 
pounds and advances in process- 
ing, strides have been successfully 
made in stabilizing and improving 
these characteristics. 

With some of the newer types 
of compounds, dimensional varia- 
tion and design limitations are not 
so critical. Tensile strength has 
been improved. Baking is not 
necessary unless increased tensile 
strength is essential, or acceler- 
ated setting is desired. Color 
range has been greatly broad- 
ened. Mold wear has been re-— 
duced. New free-flowing powders 
are adaptable to rotary presses, 
and small pieces can be pressed 
up to 300 per minute. 

Phenolic compositions surpass 
bituminous types in both me- 
chanical and electrical properties, 
and can be made with a finish 
that is at least comparable to that 
obtained in hot molding. Both 
types exhibit resistance to high 
heat and most alkalies and sol- 
vents, and are nontoxic and rela- 
tively low in cost. Most of these 
compositions are molded on hy- 
draulic presses supplied with oil 
pressure ranging from 2000 to 
4000 p.s.i. The somewhat soft 
pieces are seasoned on perforated 
trays at room temperature before 
baking. 

Applications: Cold molded or- 
ganic plastics find applications in 
many electrical products. 


molded items. 


ferences are large. 
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Coumarone-Indene, Petroleum, 
and Polyterpene Resins 


BY P. 0. POWERS 


rs resins are 
derived from coal tar and, his- 
torically, were the first synthe- 
sized hydrocarbon resins. Since 
resin formers in coal tar oils are 
limited, expansion in the hydro- 
carbon resin field has had to de- 
pend on other raw materials, par- 
ticularly those from petroleum, 
although terpenes and synthetic 
materials such as styrene are also 
used to some extent. Copolymers 
have been employed to develop 
special properties. 

The trend in the hydrocarbon 
resin field is away from the pro- 
duction of a few standard resins 
toward a wide variety of resins 
developed for particular indus- 
tries. Also, there is a pronounced 
trend towards offering the resin 
in something other than the solid 
form. Hydrocarbon resins _ in 
liquid form (solutions in a variety 
of solvents or emulsions in a 
variety of anionic, cationic, or 
nonionic systems) are now avail- 
able. 

While many of the raw ma- 
terials contain several resin form- 
ing compounds, and thus lead to 
the formation of copolymers, this 
technique is also used in blend- 
ing several feed stocks to pro- 
duce new resins of improved 
properties not realized by blend- 
ing finished polymerizate. This 
technique has especially 
producing high- 
melting resins of improved sta- 
bility, or, if desired, better 
chemical resistance. 


been 
successful in 


Coumarone-indene resins 

Coumarone-indene resins are 
available in many varieties vary- 
ing from soft plasticizing resins to 
hard brittle resins of 140° C. 
softening point, ball-and-ring. 
Colors of these resins are meas- 
® Pennsylvania Industrial Chemical Corp., 120 


State St., Clairton, Pa. 
References were prepared by the editors. 
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ured on the coal tar scale and 
may be pale yellow of color 1 
to quite dark brown. Solubility of 
these resins is excellent in aro- 
matic hydrocarbons, but in min- 
eral spirits or other aliphatic 
solvents the higher melting resins 
may be found to be only partly 
soluble and to require the addi- 
tion of 20 to 30% aromatic hydro- 
carbon to bring them into solu- 
tion. Resins of controlled solu- 
bility properties are available for 
particular applications. 

Resins are manufactured by 
treating the unsaturated fractions 
with an acid-type catalyst, condi- 
tions varying somewhat with the 
type of resin desired. Also, 
streams may be blended to give 
the desired finished resin. After 
the polymerization is complete, 
the catalyst must be entirely 
washed out of the resin solution 
and neutralized. The solvents are 
then stripped from the washed 
solution by steam, or in vacuum, 
or by a combination of steam and 
vacuum. 

The low-molecular-weight 
polystyrene resins should be con- 
sidered with the coumarone- 
indene resins, first, since some of 
these resins are derived from 
styrene or its homologs from coal 
tar, and second, because their 
properties and applications are 
more closely related to the coal 
tar hydrocarbon resins than to the 
higher-molecular-weight 
used for molding. 

They are, however, consider- 
ably tougher and more viscous 
than the coumarone-indene resins 
of equal softening point. In addi- 
tion, the polystyrene resins from 
synthetic raw materials are con- 
siderably better in color and color 
stability. The resins are offered in 
softening points from 5 to 150° C. 
by the ball-and-ring method. 
They are used in many of the 


resins 


same applications as coumarone- 
indene resins, particularly where 
color stability and film strength 
are required, e.g., coatings and 
adhesives. 

Applications: Coumarone- 
indene resins often are used as 
processing aids, extenders, or 
plasticizers with more elastic and 
tougher resins or rubbers. Their 
addition inevitably improves 
water resistance and often helps 
adhesion. These coumarone- 
indene resins are also used in 
coatings, particularly in concrete 
sealers, flat wall paints, wall 
primers, and aluminum vehicles. 

Certain resins of high iodine 
value are recommended for use 
with drying oils since some com- 
bination with the oils is believed 
to occur on cooking the resin with 
the drying oils. The degree of 
combination, however, is not large 
and part of the improved solu- 
bility is due to breakdown of the 
resins. Such unsaturated resins 
often exhibit poor stability on 
aging. 

Coumarone-indene resins are 
widely used as reinforcing resins 
with synthetic rubber, and the 
softer grades are employed as 
processing aids and tackifiers. The 
harder grades have a reinforcing 
effect, particularly in nonblack 
stocks with styrene-butadiene 
synthetic rubber. This effect is 
more pronounced with the less 
soluble resins. 

Asphalt tile is one of the major 
outlets for coumarone-indene 
resins. Resins of controlled solu- 
bility are produced especially for 
this field. Scrap polystyrene 
molding grade has been widely 
used with these resins to ex- 
tend and reinforce them, and 
has necessitated development of 
special plasticizers for use in 
resin blends. Variation in proper- 
ties of scrap and reduced sup- 
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plies have resulted in greater use 
of resins developed especially for 
asphalt tile manufacture. 


Petroleum resins 


Production of petroleum resins 
has increased greatly in the last 
decade, while the production of 
coumarone-indene resin has in- 
creased relatively to a minor de- 
gree. Since the available raw 
material supply for coal tar 
hydrocarbon resins is not ex- 
panding, the resin production 
must be expected to remain sub- 
stantially constant. In the case of 
petroleum resins, not only has the 
total production increased, but 
new types of petroleum resins 
have been offered and the resins 
have been made available in so- 
lution, in solid, and in emulsion 
form. 

Light-colored petroleum resins 
are soluble in mineral spirits in 
all proportions. Resins are avail- 
able in solid and flaked form at 
melting points of 100° C. and 


higher. Petroleum resin emulsions 
of good color are available in all 
types of emulsion form, both of 
the anionic and nonionic types, 


adapted for use in coatings and 
paper size, and for other indus- 
trial applications. 

Certain petroleum resins pos- 
sess a moderate iodine value and 
are susceptible to oxygen. Sta- 
bilized varieties are available 
which do not oxidize even with 
prolonged aging. Petroleum res- 
ins, in general, have better color 
stability than do coumarone- 
indene resins. The iodine value 
of hydrocarbon resins is consid- 
erably higher than their actual 
unsaturation would indicate. Also, 
conditions for determination of 
the iodine value must be vigor- 
ously standardized to give con- 
sistent values. 

Applications: Petroleum resins 
of pale color are available with 
anionic, cationic, and nonionic 
emulsifier systems. Anionic emul- 
sions have been popular for rein- 
forcing latex paints and are used 
with styrene-butadiene, poly- 
vinyl acetate, and acrylate paint 
systems. The addition of the 
emulsion imparts improved ad- 
hesion and often better scrubba- 
bility. Emulsions are also avail- 
able for the sizing of paper and 
may be used in conjunction with, 


or in place of, rosin or fortified 
rosin sizes. The cationic and 
nonionic emulsions are relatively 
new and are employed where 
water resistance and resin rein- 
forcement are desired. 

Petroleum resins find wide use 
in rubber compounding. The 
softer resins are used as plas- 
ticizers, while the harder resins 
are used to impart stiffness to 
synthetic rubbers. A notable im- 
provement in tensile strength and 
cut growth is accomplished by 
the incorporation of such resins 
in the formulation. 

Pale petroleum resins can be 
used with the drying oils to pro- 
duce water-resistant varnishes. 
Gloss and adhesion are also im- 
proved by their use. Color stabil- 
ity of petroleum resins is con- 
siderably better than that of the 
coal tar resins. Petroleum resins 
find extensive applications in ad- 
hesives and saturates. They are 
also widely used to modify other 
resins. Petroleum resins are 
readily soluble in paraffinic and 
chlorinated hydrocarbons, but are 
generally insoluble in the lower 
alcohols or ketones. 

Petroleum resins are also find- 
ing application with paper, par- 
ticularly as a hot-melt saturant 
for corrugating medium. A 70° C. 
softening point petroleum resin 
results in much-improved water 
resistance, and also considerably 
stiffens the resulting board. The 
resin penetrates the board on 
heating. In addition, petroleum 
resins are finding other uses as 
a waterproofing and reinforcing 
saturant in fiber and particle 
boards. The resin may be applied 
both in emulsion form or as a 
hot-melt. 


Terpene resins 

Polyterpene resins are firmly 
established in the adhesives and 
coatings fields, and wherever a 
readily soluble hard resin of good 
color is required. In the last year 
the polyterpene resins have been 
in rather short supply due to the 
greatly increased demand. 

Commercial polyterpene resins 
are lower in density than the coal 
tar or most petroleum resins. Re- 
cent improvements in manufac- 
turing methods have resulted in 
better and lighter-colored resins. 
Grades melting from 10 to 135° C. 


COUMARONE-INDENE, PETROLEUM, AND POLYTERPENE RESINS 


ball-and-ring are produced. The 
harder varieties are available in 
fiake form. They are composed 
in their entirety of hydrocarbon. 

Applications: The terpene resins 
are used with drying oils in 
varnishes. Such varnishes made 
with tung oil have exceptional 
heat resistance. The vehicles con- 
taining terpene resins are charac- 
terized by their generally good 
color retention properties. 

Polyterpene resins are com- 
patible with many waxes anc may 
be used in emulsion waxes. They 
are compatible with poly utenes, 
chlorinated and cyclized rubbers, 
and long-oil alkyds. They are 
used in concrete curing com- 
pounds where a pale solution 
is required. Since polyterpenes 
blend readily with natural and 
synthetic rubbers, they are used 
in rubber compounding and are 
widely employed in adhesives. 
Since these resins are nontoxic, 
they can be employed in food 
packaging. They are popular 
in pressure-sensitive adhesives 
where the properties of tack, 
light color, and stability are of 
decided advantage. 
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Epoxy Resins 


E poxy resin production has 
exhibited a steadily increasing 
growth pattern over the years. 
From a standing start about 10 
years ago, sales of these materials 
have risen to more than 28 million 
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lb. of resin in 1957. Market esti- 
mates indicate continued spec- 
tacular growth, with forecasts of 
70 to 80 million lb. for the early 
1960’s called conservative. 

The reason for this growth can 
be traced to the unusual combi- 
nation of properties possessed by 
epoxy resins but not previously 


available in any other single 
commercial type of material: 

1) Low shrinkage. Volumetric- 
ally, these resins shrink 2 to 3% 
—an improvement over other 
thermosetting resins; filled resins 
shrink 0.25 to 1.25 percent. 

2) Room - temperature cure. 
The mechanism of epoxy poly- 








Two monomeric epoxies (Drapex 3.2 and 4.2, 
Argus Chemical Corp.) offer a combination of 
low-temperature resistance and flexiblity. 


Epoxy-based cast decorative panels (Hanley 
Plastics Co., Div. Wallace Pencil Co.) are 
warp-free and can be made to match almost 
any transparent or opaque color. Reflective 
glitter can be embedded into the panels during 
the manufacturing process. 


A kit for repairing castings and _ tools 
(Houghton Laboratories, Inc.) contains a tube 
of aluminum-filled epoxy and a tube of hard- 
ener. One equal-length bead from each tube 
will insure correct proportions. Cure is at 
room temperature. 


Paste-type epoxy resin (Ren Plastics, Inc.) 
can be used in automotive repair as a replace- 
ment for hard solder. The epoxy holds fast to 
clean surfaces of any other plastics, metal, 
wood, or glass. It is dimensionally and chem- 
ically stable; it resists acids, alkalies, greases, 
salt air, and common solvents; it will not rot, 
rust, corrode, or dry out; and it is unaffected 
by heat or cold. The paste is applied like putty 
and hardens like metal. 


A graphite-filled epoxy resin (Haveg 093, 
Haveg Industries, Inc.), withstands all con- 
centrations of hydrofluoric acid at tempera- 
tures up to 240° F. in continuous operation. 
Higher temperatures are possible for short- 
time overloads. This material will also handle 
fluorides, other fluorine salts, and chemical re- 
actions between hydrofluoric acid and organic 
or inorganic compounds. 


A lead-filled epoxy formulation (Maraset 341, 
Marblette Corp.) has been developed for 
industrial applications that require a high- 
density casting compound. It is suggested as a 


barrier against radiation and for use in con- 
structing shields for nuclear installations and 
containers used to ship radioactive materials. 
Also available are an epoxy carving compound 
(Maraset 611) for easy carving, a clear epoxy 
varnish for metal-baking applications (Mara- 
set BV-790), and a flexible epoxy resin for 
producing castings up to 4 in. thick in a wide 
range of thicknesses (Maraset 639). 


An epoxy-based, lead-filled thermosetting 
casting compound (Leadcast, Telectro Indus- 
tries Corp.) is intended for use as a radioactive 
shield or as a high-density molding compound. 
The material has a density of 6.6 g./c.c., is 
harder than pure lead, and has a greater struc- 
tural rigidity than pure lead. It has a hard, 
glossy surface that is impervious to weather 
and is chemically resistant. 


New epoxy casting and potting compounds 
(Minneapolis-Honeywell Regulator Co.), de- 
signed for use in the electronics industry, fea- 
ture low thermal coefficient of expansion (ap- 
proaching that of metal itself), good electrical 
insulation properties, and high flexural 
strength (14,000 p.s.i.). The epoxy casting 
compounds include: 1) a general-purpose, 
room-temperature curing compound (Seal- 
cast 501); a high-temperature-resistant com- 
pound with low coefficient of thermal 
expansion and extremely low cure shrinkage 
(Sealcast 502); a hermetic-sealing compound 
which is cured at elevated temperatures 
(Sealcast 503); and a free-machining epoxy 
compound that has good dimensional stability 
and high heat resistance (Sealcast 504). An 
unfilled, general-purpose epoxy (Sealcast 505) 
has room-temperature handling and curing 
characteristics. A two-component epoxy foam- 
ing resin (Sealfoam 601) is suggested for 
foaming-in-place uses when small, tightly 
packed components are to be encapsulated. 
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A new casting epoxy (Hysol HF 1385, Lebanon 
Steel Foundries and Houghton Laboratories, 
Inc.) eliminates the need for expensive core 
dryers for foundries. It is especially suitable 
for use with dielectric ovens. 


A blue epoxy resin compound (Sonite SC-2, 
Smooth-On Mfg. Co.) is used in hand-lamina- 
tion systems where surface hardness and re- 
sistance to abrasion are essential. The com- 
pound has sufficient thixotropy for applica- 
tion as a heavy brush coat, without sagging, 
on a vertical surface. Used with a laminating 
resin and glass cloth, it produces hard-surfaced 
dies of light weight, high strength, and good 
dimensional stability. 


A new epoxy resin flexibilizer (Cardolite NC 
513, Irvington Chemical Div., Minnesota Min- 
ing & Mfg. Co.) becomes a permanent part of 
the resin, reduces resin viscosity, extends the 
resin’s pot life, and improves its heat-aging 
characteristics. The flexibilizer can be used in 
encapsulating electrical and in 
epoxy electrical potting compounds, tooling 
resin applications, plastics forming molds, ad- 
hesives, patching and splining compounds, and 
coatings. Electrical properties for potting or 
encapsulating are maintained when the total 
resin contains no more than 20% 


components 


flexibilizer. 


A nonstaining, colorless curing agent (Hard- 
ener 929, Furane Plastics, Inc.) permits the 
development of high-temperature epoxies. 
When cured with appropriate epoxy resins, it 
will develop heat-distortion temperatures of 
about 300 
high-temperature tools, such as bonding jigs 
and fixtures for aircraft and welding equip- 
ment for metal industries, as well as high- 
temperature 


F. Fields of application include 


electrical service and mainten- 


ance functions. 
A new epoxy molding compound (Tybon 
5621-6, Booty Resineers Div., American-Mari- 
etta Co.) is a glass-reinforced, mineral-filled 
material designed to meet many electrical, 
chemical, and physical requirements typical of 
epoxies as used in casting, potting, and 
laminated parts. It is the first epoxy molding 
compound with an excellent mold release. Its 
dielectric constant and modulus of elasticity 
are superior to most synthetic potting com- 
pounds. 


Red, semicured, treated fabric and _ tape 
(Westinghouse Electric Corp., Micarta Div.) 
are made from continuous filament glass fab- 


ric and coated on one side with a semicuring 


epoxy resin. The material has good mechan- 
ical characteristics, moisture resistance, and 
electrical properties. It is recommended for 
use as layer insulation where bonding between 
adjacent layers of coil build-up is required, 
in transformer coils, edge-wound coils, field 
coils, and similar applications requiring in- 
sulation in the Class B range. 


A new series of epoxy potting compounds 
(Hysol 6900 Systems, Houghton Laboratories, 
Inc.) exhibits such desirable characteristics as 
economical price, several steps of flexibility, 
low-heat cure, and ease of handling. The com- 
pounds will be useful for potting such com- 
ponents as amplifiers, coils, connector plugs, 
transformers, transistors, and submersible as- 
semblies. 


A new potting compound (Helix P-460, Car] 
H. Biggs Co., Inc.) is a thermosetting epoxy- 


. based compound which is furnished in liquid 


form, is poured cold, and will cure in about 2 
hr. at room temperature. It has excellent ad- 
hesion to wiring and other components. 
Shrinkage during cure is at a minimum (less 
than 1%). It maintains, even after complete 
cure, enough flexibility to prevent cracking 
while curing or after cure in hot-cold cycling. 
Its lack of porosity and very low water ab- 
sorption factor make it ideal for encapsulating 
electrical components which are vulnerable to 
moisture and fungi. Its electrical 
are very good. 


properties 


Methyl succinic anhydride (Chas. Pfizer & 
Co., Inc.) is expected to find application as a 
curing agent for epoxy resins where clarity, 
light color, long pot life, ease of handling, and 
moderate heat-distortion temperatures are re- 
quired. Because of its low melting point (37 
C.), it may be mixed with epoxies at room 
temperatures or with slight heating. 


A curing agent for epoxy resins (Tonox-P1, 
Naugatuck Chemical Div., U. S. Rubber Co.) 
raises heat-distortion points and gives good 
electrical and chemical properties. It can be 
converted to a liquid by heating to 80° C. and 
will remain in a liquid state for several days 
at temperatures between 35 and 40° C. 


A water-white resin (D.E.R. 322, Dow Chemi- 
cal Co.) is the monomeric ether of bisphenol-A 
rather than a conventional mixture of poly- 
mers. The resin is expected to be used for 
critical applications in laminating and encap- 
sulating where low viscosity and uniformity 
are required. 
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Formula 1: A major type of epoxy resin is formed as a reaction product of bisphenol-A and epichlorohydrin 


merization permits satisfactory 
cure for many applications at or 
near room temperature and with 
or without pressure. 

3) The hardeners used for cur- 
ing these resins react to become 
part of the final polymer. Conse- 
quently, there are no residual 
byproducts in the cured system 
to affect properties. 

4) Ability to wet and adhere to 
a variety of materials including 
both metallic and nonmetallic 
surfaces. Of special interest is 
their ability to wet glass in its 
various forms. 

5) Chemical resistance. No 
other thermosetting plastic offers 
such effective resistance against 
both acid and caustic materials. 

6) Excellent electrical proper- 
ties. Low power factor and high 
dielectric strength provide an 
ideal insulating material. 

7) Favorable mechanical 
strengths, both static and dy- 
namic, coupled with light weight. 

With these properties to rec- 
ommend them, epoxy resins have 
invaded many fields. In a few 
they have been 
adapted for adhesives, coatings, 


short years, 
laminates, bonding, and casting, 
among others. 


History 

Simple epoxies, such as ethyl- 
ene oxide, have been known for 
over a century, and they and their 
reaction products, with a host of 
other chemicals, have been ex- 
ploited commercially for many 
years. Exploitation of polyfunc- 
tional epoxy compounds, 
ever, has been only rather recent. 
A di-epoxy compound was pre- 


how- 


pared as early as 1891. However, 
many years passed before manu- 
facturing methods were devised 
and before the general utility of 
these resins was recognized. 
The earliest commercial mate- 
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rials’ main use was as adhesives 
for metals—an outstanding de- 
velopment of World War II. 
Since their early application as 
adhesives, epoxy resins have 
spread to a wide variety of other 
uses. 


Chemistry 


Epoxy resins are characterized 
by having reactive epoxide groups 
oe 


(oxirane rings —C—C—) in the 
\4 
O 

resin structure. They are com- 
monly supplied in both liquid and 
solid form. In use, these epoxides 
are either homopolymerized with 
the aid of catalysts or copolymer- 
ized with hardeners such as poly- 
amines, polyamides, and anhy- 
drides. The thermoset resins 
thus formed are characterized by 
such properties as very outstand- 
ing strength as well as chemical 
resistance. 


Resin manufacture 


Epoxy resins can be divided 
into two major groups, depend- 
ing on the manner in which they 
are manufactured. The most im- 
portant types at the present time 
are the glycidyl ethers of poly- 
hydric phenols. They are formed 
as reaction products of epichlo- 
rohydrin and polyhydric phe- 
nols. For example, bisnhensl-A 
and epichlorohydrin react to 
form a viscous liquid (see For- 
mula 1, above). 

The diglycidyl ethers of many 
other polyhydric phenols can be 
formed in a similar manner. 

If less than two mols of epi- 
chlorohydrin per mol of bisphe- 
nol-A are used, a series of prod- 
ucts having a general formula is 
obtained (see Formula 2, p. 105). 

Resins of this type are usually 
solids. The brittle coating resins 


are prepared in this manner and 
have values of n ranging from 
3 to 6. 

A newer technique employed 
for the manufacture of epoxy res- 
ins is the oxidation of olefins to 
epoxides with peracetic acid. For 
example, 3, 4-epoxy-6-methyl- 
cyclohexylmethyl 3, 4-epoxy-6- 
methylcyclohexanecarboxylate, is 
produced by this technique as 
shown in Formula 3, p. 106. 

An almost unlimited number of 
new epoxy resins can be pro- 
duced this way, the number of 
resins being limited only by the 
number of olefins that are avail- 
able. As would be expected, all 
olefins do not form epoxides with 
outstanding characteristics. How- 
ever, because of the large num- 
ber which are available to select 
from, many epoxies can be pre- 
pared by this technique which 
have outstanding properties. 


Cross-linking and curing 


Epoxy resins can be cured by 
two methods: a) by homopoly- 
merizing them with the aid of a 
catalyst or b) copolymerizing 
them with hardeners containing 
active hydrogens. 

Epoxy resins can be homo- 
polymerized with the aid of a 
variety of catalysts. These cata- 
lysts are used in small amounts, 
usually no more than a few 
percent of the total weight of 
the resin. One of the most effec- 
tive catalysts is BF,. BF, is fre- 
quently used in the form of a 
complex with some other cata- 
lyst, usually a tertiary amine. 
These complexes display limited 
activity at room temperature, but 
decompose at elevated tempera- 
tures to release free BF., which 
attacks an oxirane ring forming 
an activated center. This activ- 
ated center reacts with another 
oxirane ring forming an ether 
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linkage and another active cen- 
ter. Continuation of the reaction 
results in the formation of a 
polymer which might be repre- 
sented by the structure shown in 
Formula 4, p. 106. 

Similar catalytic attack of the 
attendant oxirane groups yields 
a highly cross-linked structure. 

Materials which are copoly- 
merized with epoxy resins are 
usually called hardeners. The ma- 
terials commonly used as hard- 
eners for epoxy resins include the 
aliphatic and aromatic polyam- 
ines, polyhydric phenols, poly- 
basic acids (mineral and organic), 
anhydrides, and polyhydric al- 
cohols. These hardeners vary 
widely in handling characteris- 
tics, optimum cure cycles, and the 
physical properties they contrib- 
ute to the cured resins. Hence, a 
hardener can usually be selected 
from this group which matches 
the handling characteristics and 
properties required for any spe- 
cific applications. 

Amine hardeners are usually 
mixed with epoxy resins. in 
stoichiometric ratios (one mol ac- 
tive hydrogen/mol oxirane oxy- 
gen). They also yield extensively 
cross-linked structures, through 
amino-hydrogen opening of the 
oxirane rings. 

With amines, the hardening re- 
action does not require a cata- 
lyst. The aliphatic amines will 
give room-temperature cures, but 
with aromatic amines the system 
must be cured at elevated tem- 
peratures. A similar reaction is 
the opening of the oxirane ring 
with an active hydrogen. This is 
obtained with glycols, polyhydric 
phenols, and _ polybasie acids. 
These materials generally require 
a catalyst such as tertiary amines 
or inorganic bases. In the case of 
glycols, “Lewis” acids are the 
best catalysts. 


Chemical resistance 
Epoxy resins are characterized 


by excellent chemical resistance. 
However, better chemical resist- 


ance is provided by aromatic 
amine hardeners than those hard- 
ened with aliphatic amines. Of 
course, adequate cure is neces- 
sary for optimum chemical re- 
sistance. With aromatic systems, 
cure is obtained only at elevated 
temperatures, while the aliphatic 
systems have the advantage of 
room-temperature cure, a factor 
which makes them more suitable 
in many cases. 

Although the aliphatic amine- 
hardened resins do not have the 
same degree of chemical resist- 
ance as systems hardened with 
aromatic amines, their resistance 
is entirely adequate for many ap- 
plications. For example, these 
systems are little affected by im- 
mersion for 30 days at 25° C. in 
water, toluene, kerosene, and 
10% caustic solution. However, 
they are severely degraded by 
the same exposure to acetone, 
ethyl acetate, 30% sulfuric acid, 
and chlorinated solvents. While 
aromatic systems show far better 
resistance to this last group of 
chemicals, they can still be af- 
fected by them. Consequently, the 
use of aromatic systems is limited 
by the specific requirements of 
the particular application which is 
involved. 

If fillers and reinforcements are 
used with epoxies, chemical re- 
sistance is often affected. De- 
pending on the type used, they 
may either improve or degrade 
the chemical resistance of the 
resin. Asbestos fiber is often a 
better reinforcement than glass 
fiber for applications 
chemical resistance. 


requiring 


Surface coatings 

Epoxy resin-based coatings of- 
fer many outstanding properties 
including excellent chemical re- 
sistance, flexibility, impact and 
abrasion resistance, and superior 
adhesion to all commonly used 
substrates. 
finishes can be 
formulated to be resistant to 
many liquid and gaseous indus- 


Epoxy resin 


trial chemicals and _ products, 
liquid foodstuffs, and other diffi- 
cult materials. Only strong con- 
centrations of mineral acids 
should be avoided, but fumes and 
splashes of these substances are 
withstood admirably. 

To illustrate the superiority of 
these coatings, an epoxy finish 
of the type cured with inexpen- 
sive vegetable oils will withstand 
a 5% caustic solution at room 
temperature for 4 to 5 days, while 
a standard alkyd film fails within 
30 minutes. 

The flexibility of epoxy resin 
coatings is of the highest order. 
For instance, metal sheet for 
lithographed containers may be 
coated while flat, and then formed 
into the desired shape with no 
evidence of cracking or other 
harm to the coating. This flexi- 
bility, paradoxically enough, is 
combined with great hardness and 
impact resistance. No other coat- 
ing combines these properties to 
such a degree. 

Adhesion is excellent. Strong 
bonds have been secured to steel, 
aluminum, zinc, tinplate, wood, 
masonry, glass, paper, and cloth. 

There are other’ important 
properties. Epoxy resin-based 
coatings show good dielectric 
properties. They have very small 
shrinkage during curing and ex- 
hibit very little blistering when 
converted, because there is no 
elimination of side-products in 
the reaction. They can be formu- 
lated to have very good solvent 
resistance. 

Epoxy resins themselves are 
thermoplastic in character but, 
when converted, the final product 
is thermoset. Many different sub- 
stances and techniques have been 
used to convert epoxy coating 
resins from the thermoplastic to 
the thermoset condition. Funda- 
mentally, however, there are only 
two: esterification and conversion 
by the addition of a 
chemical or resin. 

In finished coatings, the differ- 
ence is one of degree rather than 


reactive 


Formula 2: If less than 2 mols of epichlorohydrin per mol of bisphenol-A are used, this formula is obtained 
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Formula 3: Oxidation of olefins to epoxides with peracetic acid 


kind. The esters contain only a 
portion of Their 
properties are similar to those of 
cured resin coatings, but present 
to a lesser degree. They are, of 
course, the 


epoxy resin. 


more economical of 
the two classes of coatings and are 
used in less stringent applications. 

In general, the “reactive-type” 
epoxy resin coatings contain a 
much higher proportion of epoxy 
resin than the esters. This is par- 
ticularly true for amine-cured 
finishes in which only a small 
amount of hardener is ordinarily 
used. Consequently, these coat- 
ings are used where the highest 
performance is desired. Amine- 
cured coatings can be formulated 
for baking or air-drying. One of 
their outstanding properties is 
their ability to form air-dry coat- 
ings having chemical and physi- 
cal properties better than can be 
with the baked- 
coatings. As might be 
baked amine-cured 
coatings exhibit even better prop- 


erties. 


obtained best 
ester 


expected, 


As with the esters, these reac- 
tive-type coatings can be formu- 
lated for a wide variety of uses. 
Formulation is quite simple com- 
pared to the ester. The resin is 
dissolved in a 


suitable solvent 


(25°, methyl isobutyl ketone and 
75°, toluene 


is satisfactory for 
Then 


added if necessary and the finish 


most uses). pigments are 


Formula 4: 


is marketed in a 
system 


two-package 
along with its curing 
agent. Pigmentation is no prob- 


lem. Pot life can range anywhere . 


from 4 to 48 hr., depending on 
solids content and curing agent. 


Laminating 

There are excellent reasons for 
the established position of epoxies 
in the field of laminated plastics. 
Table 1, p. 107, gives typical aver- 
age properties of epoxy, poly- 
esters, and phenolic glass-cloth 
laminates. It can be seen that the 
epoxy laminate is superior to the 
polyester in mechanical proper- 
ties and surpasses both in water 
resistance. 

In addition to advantages in 
mechanical and electrical proper- 
ties and chemical resistance, the 
following outstanding properties 
of the epoxy 
noted: 

1) The highly desirable surface 
activity of epoxies in the liquid 
state allows wetting of, and ad- 
hesion to, a wide variety of rein- 
forcing materials, including glass 
in its 


resins have been 


various forms, synthetic 
fibers, mineral fibers, and vege- 
table fibers. 

2) Low-volume shrinkage, be- 
cause the highly associated nature 
of the liquid resin holds strain to 
minimum during cure. 

3) Good resistance to heat, i.e., 
proper formulations retain a high 


Polymer formed by homopolymerization with aid of catalyst 
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percentage of original strengths 
at temperatures of 200 to 300° F. 

These advantages are common 
to most epoxy laminated systems. 
Naturally, optimum properties are 
obtained only when optimum 
cure is effected and proper fabri- 
cation procedures are followed. 
In addition, specific epoxy sys- 
tems are designed to meet specific 
application requirements. 

Initial moderate cure of epoxy 
laminates, whether a press cure 
or a_hardener-initiated room- 
temperature cure, yields struc- 
turally sound parts with the 
expected epoxy properties at 
service conditions. It 
emphasized, 


moderate 
must be 

that the 
particularly 
and 


however, 
properties, 
resistance 
mechanical 
strengths measured at elevated 
temperatures, are dependent upon 
optimum cure. 


Epoxide 


superior 
chemical 


electrical and 


polymerization __re- 
actions, unlike those of polyesters, 
are step-by-step processes and 
require more stringent conditions 
for “full” cure. Full cure, with its 
attendant bonus properties, is ap- 
proached by postcuring at ele- 
vated temperatures. 

For hand lay-up and matched- 
metal molding operations, liquid 
resins and hot-melt 
recommended. 


types are 


Liquid epoxy resins for lami- 
nating are available in a wide 
range of viscosities and degrees 
of reactivity. Low-viscosity res- 
ins allow easy incorporation of 
fillers and extenders such as cal- 
cium carbonate, aluminum sili- 
cate, and china clay. These fillers 
reduce the cost, lower exotherm 
temperatures, and prolong the 
working life of the resin/hard- 
ener mixture. 

Epoxy laminating systems de- 
rive from liquid resins, solid 
resins, and semisolid resins, and 
are applicable to 
hot-melt pre-impregnation — of 
reinforcements, yielding dry, 
dust-free, easily-handled, ready- 
to-mold stock. 


solvent or 


include 
glass, asbestos, cotton, paper, syn- 
thetic fibers, and metal foils. 


Reinforcing materials 


Their outstanding strength and 
resistance properties recommend 
them for a wide variety of struc- 
tural applications. Electrical ter- 
minal and 


circuit boards, ra- 


RESINS AND MOLDING COMPOUNDS 





domes, aircraft skins, pipes, tanks, 
and pressure vessels are just a 
few uses for epoxy laminates. 


Casting 


Another 
epoxy 


established 
resins 


field for 
involves casting 
compositions for use in encapsu- 
potting of electrical 
and electronic components. Es- 
sential 


lation and 


these 
operations are excellent adhesion 
and low shrinkage during cure, 
so that the resin will not crack or 
separate from the electrical com- 
ponents or containers. No resin 
commonly used in the field can 
compare to the 0 to 0.5% linear 
shrinkage and the 2 to-3.0% vol- 
ume shrinkage obtained with 
Phenol formalde- 
hyde resins, polyesters, acrylics, 
styrene, and allyl resins all ex- 
ceed the minimum figure of epoxy 
shrinkage by several percent. The 
significance of shrinkage becomes 
evident when it is realized that 
even the low 


requirements for 


epoxy resins. 


epoxy shrinkage 
will present a problem in some 
applications. 

Drawbacks of phenolic casting 
compositions are the relatively 
long cure time required (from 6 
to 48 hr.) and the inability to 
eliminate completely the by- 
products of the curing reaction. 
Epoxy resin/hardener composi- 
tions, being 100° reactive, will 
cure in from 1 to 4 hr. with no 
residual material given off. Com- 
positions using epoxies have bet- 
ter electrical properties than 
many of the other impregnating 
resins. Their extremely low 
power factor is equaled only by 
styrene and polyester. Their di- 
electric strength and arc resist- 
ance are superior to phenolics. 
On the other hand, loss factor 
above one megacycle—for exist- 
ing epoxies—falls off. Styrene is 
best here. 


Tooling 


Lightweight tools used in a 
variety of mass production oper- 
ations are made of dimensionally 
stable epoxy compounds more ac- 
curately, quickly, and at less cost 
than with metal. Production cost 
savings ranging from 30 up to 
60° and reductions in delivery 
time as high as 70% are reported 
for these plastics tools. Plastics 


tooling 


compounds based _ on 
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TABLE I: Comparative glass-cloth laminate properties' 





Property 

Flexural strength, p.s.i. 

Flexural modulus, p.s.i. * 10 

Tensile strength, p.s.i. 

Compressive strength, p.s.i. 

Power factor at 1 me. 

Arc resistance, sec. 

Water absorption (24 hr.), % weight 
gain 


Modified epoxy Polyester 
~ 80,000-85,000 


55,000-60,000 
50,000-55,000 
0.010-0.015 
150-180 


0.02—0.27 


Phenolic 
75,000—-80,000 
4043 
50,000-55,000 
48,000—52,000 
0.023—0.025 
20-40 


60,000-65,000 
3.0-3.3 
43,000-47,000 
35,000-40,000 
0.010-0.011 
155-180 


3.8-4.5 


0.2-0.3 0.3-0.6 





epoxy resins have reduced the 
weight of production tools by as 
much as 70% and made them 
easier to handle. Typical produc- 
tion tools in use include assembly 
checking fixtures, Keller master 
models, spotting racks, draw dies, 
drop-hammer dies, and welding 
fixtures. The dimensional stabil- 
ity of epoxy compounds 
maintain are accuracy of +0.002 
to 0.005 in. for tools used in 
checking all types of production 
parts. 


helps 


Time-saving duplications 
taken directly from master Keller 
models with room-temperature 
curing compounds are lighter in 
weight and stable under 
changing atmospheric conditions 
than the original mahogany mod- 
els. 

The method of fabricating 


these tools consists of laminating 


more 


or casting the epoxy resin over 
plaster or wood master forms. 
Casting is used for thicker tools 
(over 1 in.) and is cheaper than 
the laminating technique. Lami- 
nated tools are stronger for a 
thickness, but are 
expensive. 

One of the develop- 
ments in plastics tooling is a com- 
position called Epoxy-Alloy'. De- 
veloped primarily for metal 
dies, this material in- 


given more 


newest 


forming 


volves reinforcing high-heat 
epoxy resin systems with metal 
fibers. 

The combination permits mass 
castability and provides tools 
with far greater impact strength, 
making possible runs of medium 
production quantity—previously 
unobtainable with standard com- 
positions. The inclusion of these 
metal fibers also provides better 
thermal 


conductivity, offering 


possibilities for precision metal 
matched 


low-pressure 


casting molds, heated 


molds (for use), 


Bakelite Co., Div. of Union Carbide Corp 


vacuum slush 
molding dies, and foundry pat- 


terns. 


forming molds, 


Foams 


By including a suitable blow- 
ing agent, epoxy resins can be 
foamed or expanded to produce 
low-density insulating materials. 
Epoxy foams are used for encap- 
sulating electronic components, 
as core materials in sandwich- 
type construction, and for ther- 
mal insulation. 

The foams are manufactured 
using both one- and two-compo- 
nent systems. The two-package 
systems are with rela- 
tively short working lives. Sin- 
gle-component 
powder 


liquids 


systems are in 


form and have longer 
working times. 
The expanded resin is pro- 
duced when gas evolves from the 
blowing agent. Curing occurs al- 
most simultaneously with the 
foaming action. Heat during this 
foaming process is essential. This 
heat may be supplied externally 


or from the curing reaction itself. 


Molding 


One of the newest fields of 
development for 


epoxies is in 
premix molding compounds, in- 
volving epoxy resin and fiber re- 
inforcement. These materials pro- 
vide dimensionally stable molded 
pieces which can be transfer, 
compression, or plunger molded. 
Inert powders and fillers are es- 
sential in epoxy molding com- 
pounds. Molding cycles are usu- 
ally rapid—l to 10 min. at 
temperatures of 250 to 350° F. 
Release of pieces from the mold 
cavity can be a problem. How- 
ever, with special silicone agents 
now available this is no longer as 
Careful design of 
molds is essential because of this 


mold-sticking problem. Selection 


troublesome. 
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of the proper curing agents can 
impart heat- and fire-resistant 
qualities in the finished article. 


Adhesives 


For bonding such dissimilar 


surfaces as plastics and metal, 
metal and wood, wood and metal, 
rubber and ceramics, etc., epoxy- 


based adhesives are unsurpassed. 
These materials have outstanding 
adhesion, resistance, 
and strength. In addition, only 


chemical 


minimum pressure is necessary 
to effect a satisfactory bond. The 
epoxy adhesive fills pores and 
gaps well, insuring a better “grip.” 

These products are supplied 
either as one- or two-package 
systems. The one-package system 
requires curing at elevated tem- 
peratures. The two-part systems 
are mixed just prior to use and 
have limited pot lives. Both sys- 
tems give better properties when 
heat-cured. Some of these heat- 
cured withstand 
temperatures up to 600° F. with- 
out weakening the joint. How- 
ever, high temperatures 
(over 300° F.) are necessary for 
these heat-resistant grades. 

A particular advantage of these 
adhesives is the absence of vola- 
tile byproducts during curing. 
This makes possible joining of 
large pieces in complete safety. 

Structures made from honey- 
comb or other core materials are 


systems can 


cure 


finding increased use as _ load- 
carrying members. 


Miscellaneous uses 


Other interesting and growing 
uses for epoxies are in the fields 
of auto maintenance, and home 
and _ industrial 
repairs. 


“do-it-yourself” 


For auto repair work, epoxy- 
impregnated glass cloth is being 
used more and more widely for 
repair of rusted-out areas, and 
surfaces. This 
method of body repair has been 
made available to the small shop 
operator in the form of body re- 
pair “do-it-yourself” kits. These 
repair kits generally utilize sepa- 
rately packaged unfilled liquid 
resins and hardeners. The method 
of applying 


torn or ripped 


these materials is 


relatively simple, consisting of 
heating the 


ordinary 


repair area under 
household-type heat 


lamps after it has been solvent- 
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cleaned and sanded, mixing the 
resin and hardener for saturating 
the glass cloth, applying the glass 
cloth in successive layers, and 
then heating under infra-red 
lamps for about 15 min. to cure 
the resin and harden the patch. 
Using a disk sander and file, the 
surface of the epoxy-glass cloth 
laminate can be ground down to 
conform with the contour of the 
surrounding area. This procedure 
permits the use of unskilled 
labor and requires fewer man- 
hours per repair job than is re- 
quired for standard repair or re- 
placement methods. 

Small dents and tears are re- 
paired with filled epoxy com- 
pounds without glass reinforcing 
materials. 

Epoxy resins are also aiding 
the automotive industry as sub- 
stitutes for lead-tin body solders, 
in either paste or stick form. 
These epoxy solders are tough 
and abrasion-resistant, yet easily 
worked with conventional power 
tools. Their outstanding adhesive 
qualities reduce waste by prac- 
tically eliminating sagging and 
running on hot vertical surfaces. 
The economies offered are sub- 
stantial. There is still a need, 
however, for improved applica- 
tion techniques in order for these 
solders to be generally adopted. 

Low-molecular-weight epoxies 
are often used as both heat- and 
light-stabilizers for vinyl chlo- 
ride resins because of their abil- 
ity to accept hydrogen chloride, 
which is produced during deg- 
radation of the vinyl resin. Plas- 
ticizers for vinyl chloride poly- 
mers and copolymers are also 
produced from epoxy materials. 
Monomeric epoxy esters are be- 
ing used in vinyl plastisol formu- 
lations for low-temperature flex- 
ibility. These materials permit 
the processing of vinyls at higher 
temperatures than ordinary plas- 
ticizers allow. 
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Ethylene Polymers 


a is the second 
largest and the fastest growing of 
all plastics materials. By the end 
of 1955, the rate of consumption 
of conventional polyethylene ap- 
proached 400 million lb. and in 
1957 it was about 650 million 
pounds (virgin and some reproc- 
essed). This figure also includes 
about 170 million lb. of polyethyl- 
ene which were exported. If the 
newer high-density polyethylenes 
reach expected production, total 
polyethylene consumption in the 
United States may reach 1 billion 
Ib. by 1960. 


C Chemistry +) 


Basically, polyethylene is syn- 
thesized by the polymerization of 
ethylene at elevated temperatures 
and pressures in the presence of 
suitable catalysts. Conventional 
low-density polyethylene (also 
known as branched polyethylene, 
high-pressure polyethylene, etc.) 
is synthesized by polymerization 
of ethylene at elevated tempera- 
tures and very high operating 
pressures (15,000 to 30,000 p.s.i.) 
and uses free radical catalysts 
such as peroxides and possibly 
other selected diluents. Medium- 
density polyethylenes can _ be 
manufactured in the same type of 
equipment used to produce low- 
density polyethylenes, with the 
density being controlled by the 
proper selection of catalysts, chain 
transfer agents, and diluents. The 
stiff high-density polyethylenes 
(also called linear polyethylenes, 
low-pressure polyethylenes, etc.) 
are made at 








lower synthesis 
pressures and temperatures, using 
coordination catalysts. 

Although these are the three 
main classes of polyethylene, each 
constitutes a large family of dif- 
ferent resins. 

Fundamentally, a polyethylene 
molecule is made up of a long 
chain of carbon atoms, each with 
two hydrogen atoms. attached. 
rhis article is based on information supplied by 
Bakelite Co., Celanese Corp. of America, Dow 
Chemical Co., E. I. du Pont de Nemours & 
Co., Inc., Eastman Chemical Products, Hercules 


Powder Co., Phillips Chemical Co., Spencer 


Chemical Co., and S. Industrial Chemicals 
Co 


References were prepared by the editors 
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The molecule usually contains be- 
tween 800 and 100,000 carbon 
atoms. 

During the synthesis process, 
the active end of a growing mole- 
cule sometimes dislodges a hy- 
drogen atom from the middle of 
another molecule, producing an 
active site which results in the 
growth of a long-chain branch at 
that point. As might be expected, 
a polyethylene containing a siz- 
able proportion of such branched 
molecules exhibits different flow 
properties in the molten state 
than one of similar molecu- 
lar weight without long-chain 
branching. 

A second type of reaction which 
may occur during the synthesis 
process results in the formation 
of many short branches (2 to 4 
carbon atoms in length) at ir- 
regular intervals along the main 
chain and the longer branches. 
These short branches are par- 
tially responsible for the great 
differences in solid-state proper- 
ties which exist between the 
branched and linear 
polyethylene. 


types of 


Crystallization 


One of the properties of the 
type of hydrocarbon chain found 
in polyethylene is a tendency to 
crystallize. Crystallization is said 
to have occurred when a number 
of chains, lying in approximately 
parallel alignment, assume a more 
compact configuration, producing 
a small crystal or “crystallite.” 
A single hydrocarbon chain or 
long branch may pass through 
several crystallites, with disor- 
dered or “amorphous” portions 
between. The presence of short 
chains, restricts the 
formation of crystallites. 

The amorphous and crystalline 


however, 





A complete review of Recent 
Developments in’ Ethylene 
Polymers for molding and ex- 
trusion will be found in the 
articles on Injection Molding 
Polyethylene and Extruding 
Polyethylene in the Engineer- 
ing and Methods section, p. 
678. 











forms differ in several properties, 
of which two may be cited by way 
of illustration. Compared with the 
amorphous material, the crystal- 
line material is harder and 
stiffer (because the closely par- 
allel chains are bound together) 
and it is denser. The higher den- 
sity in the crystallites is due to 
the “close-packing” of the resin 
chains in the crystalline lattice. 
X-ray measurements indicate a 
density of 1.00 for the crystallites. 
The density of the amorphous re- 
gions are not known with cer- 
tainty various types of 
measurements lead to 
ranging from 0.76 to 0.85. 

In any 


since 


figures 


therefore, the 
relative percentages of crystalline 
and amorphous materials will de- 
termine the density of the whole 
resin. A completely (100%) crys- 
talline resin would have a density 
of 1.00 and a wholly amorphous 
resin would have a density in the 
vicinity of 0.80. Between these 
extremes, density and 
crystallinity vary. 

Since many of the properties of 
polyethylene, therefore, depend 
on the density or crystalline con- 
tent of the resin, nomenclature 
used in this article will be based 
on density—low-density for the 
conventional polyethylenes and 
high-density for the newer poly- 
ethylenes. The medium-density 
materials will also be discussed. 


resin, 


percent 


Melt index 


The amount and types of 
branching, as well as the average 
molecular size, affect the flow 
properties of the molten poly- 
ethylene in a complicated man- 
ner. Originally, it was considered 
convenient to determine’ the 
molten viscosity under a set of 
rigidly specified conditions. The 
number of molten 
polymer which will flow through 
a standard orifice at a standard 
temperature and pressure in a 
given time is called the melt in- 
dex of the polymer. For polymers 


grams of 


made by the same manufacturer 
and by the same process, the 
higher the melt index, the more 
fluid is the melt. However, two 
polymers of the same melt index 
produced by different processes 
will not necessarily perform in the 
same manner in extrusion and 
in molding operations. For this 
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reason, the melt index deter- 
mination is essentially only use- 
ful as a quality control test during 
polymer manufacture and does 
not serve as an exact correlatable 
variable with performance in ex- 
truders and molding machines. 

Since melt index is generally 
considered to be a_ logarithmic 
function of molecular weight, it 
can be used as a rough estimate 
thereof and of those properties 
generally associated with molecu- 
lar weight. Polymers with a high 
melt index have a lower mo- 
lecular weight, lower softening 
point, lower stiffness, higher brit- 
(Refer to 
melt index designation, 
-52T.) 


tle temperatures, etc 
A.S.T.M 
D-123 


Molecular weight distribution 
Unfortunately, it is sometimes 
observed that melt index is not 
necessarily a true indication of 
the ease of flow during processing 
This fact stems from the non- 


Newtonian molten 


nature of 
polyethylene. In a Newtonian 
fluid, the amount of flow is al- 
ways directly proportional to the 
stress applied. In other words, the 
viscosity is the same whether the 
stress is little or great. In the 
case of polyethylene, on the other 
hand, the greater the applied 
stress, the lower the viscosity be- 
comes. The amount of departure 
from behavior is 
greatly affected, in polyethylene, 
by the breadth of the molecular 
weight distribution. If two poly- 


Newtonian 


ethylenes of the same melt index 
have different molecular weight 
distributions, the resin of nar- 
rower distribution will have the 
greater apparent. viscosity at 
stresses above that applied in the 
melt index test. Conversely, the 
resin of broader distribution of 
molecular weights will have the 
higher apparent viscosity at very 


low shear stresses. 
Low-molecular-weight 
materials 

Inert 


polymers of ethylene are avail- 


low - molecular - weight 


able in uniform cubes or powder 
form and in hot-melt or water- 
emulsifiable grades for use in pa- 
per coatings, and in paints, inks, 
and varnishes. More recently, the 
combination of low-molecular- 
weight polyethylene with high- 
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molecular-weight polyethylene 
has proved to be the solution to 
some of the general molding 
problems now encountered when 
using 


high - molecular - weight 
polyethylene alone. Flow prob- 
lems and faulty color dispersions, 


for example, can be cured by the 
combination. High gloss and su- 
perior mold release are also easy 
to obtain when using the blend. 
Investigation into the possibilities 
of slush molding low-molecular- 
weight polyethylene is also con- 
tinuing. 


( Selecting polyethylene » 


Barring additives or contami- 
nation, any polyethylene can be 
defined by the values of these 
three parameters: 








density, melt 
index, or molecular weight dis- 
tribution. 

1) Density: As the density in- 
creases: a) stiffness 
b) yield strength increases: c) 
Graves tear strength increases; 
d) Elmendorf tear strength in- 
creases; e) 


increases; 


resistance to creep 
increases; f) Vicat softening tem- 
perature increases; g) imperme- 
ability to liquids and_ gases 
increases; h) film brittleness in- 
creases; and i) flex life decreases. 
There are conflicting reports on 
the effect of density on brittle- 
ness temperature. Most manufac- 
turers feel that as density in- 
creases, brittleness temperature 
decreases, but it should be noted 
that melt index also plays an im- 
portant role in low-temperature 
brittleness. A 0.920 density poly- 
ethylene with a melt index of 2 
has better low-temperature prop- 
erties than a 0.916 density poly- 
ethylene with a melt index of 20. 
2) Melt index: As the melt in- 
dex is increased: a) melt fluidity 
increases (viscosity decreases); 
b) melt “drawability” increases; 
c) film coefficient of friction in- 
creases; d) tensile strength de- 
creases (by about 10% in going 
from 0.2 to 5.0 melt index); 
e) Elmendorf tear strength de- 
creases; f) resistance to environ- 
mental stress cracking decreases; 
g) low-temperature toughness 
Vicat softening 
temperature decreases (by about 
10 to 15° F. with a change from 
0.2 to 5.0 melt index); and i) 
impact strength decreases. 


decreases; h) 


3) Molecular weight distribu- 
tion: A decrease in the breadth of 
the molecular weight distribution 
effects: a) tensile 
b) film brit- 


tleness decreases; c) 


has’ these 
strength increases; 
low-tem- 
perature toughness increases; d) 
Vicat softening temperature in- 
creases; e) resistance to environ- 
mental stress cracking increases; 
f) ease of processing at high 
shear stresses decreases; and g) 
impact strength increases. 

The most important property is 
density. It is this one which is so 
linked to the polymer 
characteristics which account for 


closely 


the three types of polyethylene 

available. 
Afier the 

made, a further selection with re- 


initial selection is 
gard to melt index is necessary. 
The degree to which the proper- 
ties will be affected by a melt in- 
dex change will depend on the 
density of the polymer. Examples 
of this are film coefficient of 
friction and Vicat softening tem- 
perature. With low-density poly- 
ethylene, the difference in the 
coefficient of friction of film pre- 
pared from commercially avail- 
able polymers of various melt in- 
dices is readily measurable, 
whereas the differences in this 
property of the commercially 
available linear films is unde- 
tectable. The same is true for 
Vicat softening temperatures. 

The effect on any one property 
due to a change in molecular 
weight distribution will also de- 
pend on the density of the poly- 
mer. Vicat softening temperature 
is again an example of this effect, 
varying noticeably with melt in- 
dex for the low-density poly- 
ethylenes, and being constant for 
the commercially available linear 
resins. 


LOW -DENSITY 
POLYETHYLENE 


Ethylene was first directly 
polymerized to form polyethylene 
by Fawcett and Gibson in the late 
1930’s. They discovered that when 
ethylene was subjected to pres- 


‘It is claimed by one manufacturer that 
tensile yield point decreases with a decrease i 
breadth of molecular weight distribution. It 
should be recognized, however, that tensile 
strength and tensile yield point are not neces- 
sarily identical and that one can increase an 
the other decrease 
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sures of the order of 1000 to 2000 
atmospheres and temperatures in 
excess of 100° C., in the presence 
of oxygen or peroxide catalysts, 
a solid polymer was formed. Most 
of the low-density polyethylene 
manufactured today is made by 
this basic process. 


Chemical structure 

The properties of polyethylene 

resin depend on the chemical 
structure of the polymer mole- 
cules. The simplest structure 
which can be drawn for the poly- 
ethylene molecule is: 
CH;- - -CH,.CH.CH.CH.- - -CH, 
Evidence from infra-red spectra 
and other sources indicates that 
the chain is not linear and regu- 
lar as shown but is interrupted 
by various irregularities. Small 
amounts of unsaturation are 
present, but the main type of ir- 
regularity is branching. Accord- 
ing to recent evidence, these 
branches are probably four car- 
bons long in resins made by the 
high-pressure process. 

To appreciate the effect of 
branching, first consider straight 
chains without branching. With- 
out branches to protrude and in- 
terfere, the chains have a good 
chance of lining up parallel with 
other chains. The result of the 
tendency to parallelization is a 
structure in which any one chain 
is somewhat curled, but all along 
the length it is parallel with other 
chains and close to them. When 
the possibility of parallel align- 
ment of simple molecules of the 
polyethylene type exists, it is 
usually found that crystallization 
or freezing takes place. In the 
crystal, the spatial arrangement of 
the molecules is in a definite geo- 
metric configuration. 


MEDIUM-DENSITY 
POLYETHYLENE 


In the past year, commercial 
quantities of a new type of me- 
dium-density polyethylene have 
become available. These medium- 
density resins have properties that 
fall in between the high-density 
and low-density types, although 
they are made by a modification 
of the high-pressure process used 
for low-density polyethylene. 


ETHYLENE POLYMERS 


The linear polyethylene manu- 
facturers are not overlooking the 
importance of the medium-den- 
sity polyethylene field. It is re- 
ported that the low-pressure 
processes can cover the entire 
range of densities from 0.92 to 
0.96 by slight modifications in the 
processes, and one can expect 
commercial polyethylenes cover- 
ing all intermediate densities to be 
on the market in the near future. 

Since density is so closely re- 
lated to the physical properties of 
polyethylene, an increase in den- 
sity causes an improvement in 
many of the properties. The re- 
lationship between many of the 
properties and density is not al- 
ways a straight-line relationship, 
so that a moderate increase in 
density may result in a significant 
improvement in some properties. 

One of the limitations to the 
use of the low-density polyethyl- 
ene, for example, is its perme- 
ability to many liquids and gases. 
This permeability is greatly de- 
creased by an increase of density, 
and a good deal* of the improve- 
ment possible is obtained in the 
intermediate range. Heat resist- 
ance is in the same category. 

The improved heat resistance of 
this medium-density polyethyl- 
ene over the low-density types 
permits the fabrication of boilable 
products, i.e., food packages, 
housewares, children’s toys, etc., 
but does not permit steam sterili- 
zation at 250° F., the temperature 
used in hospitals for medical sup- 
plies. In addition, some of the 
properties which are sacrificed 
because of higher ‘density, e.g., 
impact strength, fold endurance, 
etc., reportedly will show less of 
a loss in the 
range. 


medium -density 


The range on the melt index 
scale where the transition be- 
tween waxy and plastic polyeth- 
ylene appears is also influenced 
by density. In the medium-den- 
sity range, the edge of transition 
to the waxy state is in the vicinity 
of melt index 8 or 10, so that ma- 
terials of good properties can be 
made up to a melt index of 2 or 3. 
This will generally permit normal 


processing. In low-density poly- 


One manufacturer claims that 80° of the 
improvement possible has already been obtained 
in the intermediate range. Another holds that 
physical properties are a function of density in 
the range of 0.91 to 0.96 and that only 25% 
of the possible improvement is obtained. 


ethylene, manufacturers 
claim a melt index of 50 is still 
safely on the plastic side, and in 
high-density polyethylene, one 
manufacturer claims that a melt 
index of 1 is already near the 
transition stage to wax. However, 
it should be noted that many other 
factors affect this transition. By 
altering molecular weight dis- 
tribution, for example, this tran- 
sition state can be raised or low- 
ered. Hence it is ‘possible to 
produce a high-density polyeth- 
ylene with a melt index over 1 
and still remain below the transi- 
tion range. One manufacturer 
claims its linear polyethylene does 
not approach the wax stage at a 
melt index as high as 8. Differen- 
tiation should also be made 
between the type of waxes ob- 
tained by increasing the melt in- 
dex in low- and _ high-density 
polyethylenes. They are as dif- 
ferent as the plastics themselves. 


some 


HIGH-DENSITY 
POLYETHYLENE 


Polyethylene having a higher 
density, and significantly differ- 
ent properties from the familiar 
material, is produced by a much 
different process than the previ- 
ously-discussed types. In this 
process, ethylene is dissolved in a 
solvent at moderate pressures, 
usually 500 to 1000 p.s.i., and the 
solution is placed in contact with 
one of a number of widely differ- 
ing catalysts which are insoluble 
in the solvent. Active centers on 
the surface of the catalyst poly- 
merize the ethylene by means of 
a co-ordinating or directing 
mechanism which, in most cases, 
results in a “straight chain,” or 
substantially unbranched poly- 
ethylene molecule. 

The absence of branches per- 
mits the molecules to pack to- 
gether more closely and results 
in a denser material. 

In all polyethylenes, there is 
some tendency for the molecules 
to conform to each other to form 
crystallites. The unbranched ma- 
terial is able to do this more 
completely. The term “straight 
chain” is often misleading since 
the configuration of the molecule 
is actually coiled. When these 
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coils crystallize they form an in- 
terlocked spiral crystallite. A 
number of these crystallites 
from a center into a 
structure called a spherulite. The 
general 


grow out 
picture is not unlike a 
mass of well-entangled fine 
springs. 

In the low-density polyethyl- 
ene, crystallite and _ spherulite 
are embedded in a considerable 
amount of amorphous material 
which is responsible for the flexi- 
bility, and also for the permeabil- 
ity. This amorphous material also 
adds to shock resistance by dis- 
tributing stresses. In the 
little of 


remains. 


high- 
such 
This 


makes the size of the spherulites 


density material 


yielding material 
extremely critical. 

The size of the spherulites may 
be controlled by the cooling rate 
of the melt, slow cooling resulting 
in growth of the spherulites to a 
large size, and fast cooling to a 
much smaller size. The change in 
size of these spherulites in a 
molded item, due to annealing, 
may cause stresses which result 
in embrittlement of the part. Parts 
of uniform density, obtained by 
proper conditions, will 
not exhibit this phenomenon even 


molding 


after use at elevated tempera- 
tures. Excessive high mold tem- 
with ex- 


treme mold packing will result 


peratures combined 


in a comparatively low impact 
strength in the gate area of the 
molded item, especially in thin 
sections. The critical mold tem- 
perature will with thick- 


ness, but without exception will 


vary 


be higher than temperatures nor- 
mally employed. 

Thermal cracking may also oc- 
cur when linear polyethylene is 
excessively stressed and exposed 
at elevated temperatures. A de- 
increase in 


crease in density, 


molecular weight, and narrowing 


the molecular weight distribution, 
or a change of only one parameter 
while holding the others constant, 
will improve the resistance to this 
type of thermal failure. 

All of the commercially avail- 
able polyethylenes may be effec- 
tively stabilized from thermal em- 
brittlkement caused by oxidative 
degradation. 

The high-density materials are 
therefore stronger, 
ductile, more heat-resistant, and 
less permeable. See Table I, be- 
low, for comparison of properties. 

The main difference between 
these and the medium-density 
resins is that the density change 
has gone so far that the material 
is hardly recognizable as poly- 
ethylene and should not be con- 
sidered merely as another or an 
improved polyethylene. It is in 
many ways an entirely new type 
of material. 


APPLICATIONS 


All the 


density, 


stiffer, less 


polyethylenes—low- 
medium-density, and 
high-density—can be molded or 
extruded into a wide variety of 
useful products. Some of the 
more outstanding market areas 
for the various polyethylenes are 
discussed below. 


Injection molding 

Polyethylene has grown rap- 
idly in the molding field because 
of its “nonbreakability,” flexi- 
bility, ease of processing and col- 
chemical resistance, and 
low cost. The molding industries 
account for about 20% of the 
polyethylene produced. 

For injection molding, poly- 
ethylene in pellet form is avail- 
able with melt indices ranging 
from 0.50 to 50. Molders may 
choose a type that best suits their 


oring, 





TABLE |: Comparison of properties of polyethylene in the three 
density classes 





Property 

Density 

Hardness (Shore D) 
Stiffness modulus, p.s.i. 
Tensile strength 


40-50 


Elongation, % 
Heat resistance, °F. 212 


Low-density 
0.910-0.925 


10,000-25,000 
1500-2000 
200-550 


Medium-density 
0.926-0.940 
50-63 
25,000-50,000 


High-density 
0.941-0.965 
63-70 
50,000-140,000 
2000-2800 2800-6400 
200-500 25-500 
240 250 





requirements for molding per- 
formance and physical properties. 
The high melt index types permit 
molding of large objects such as 
wastebaskets and garbage cans, 
and also offer the additional ad- 
vantages of superior gloss. Lower 
melt types find use in 
applications requiring greater 
strength and resistance to en- 
vironmental cracking. Improved 
rigidity and better gloss can be 
obtained with an increase in den- 
sity. 

About half of the low-density 
material goes into such house- 


index 


wares as bowls, buckets, waste- 
baskets, garbage cans, containers, 
etc. Other large outlets for 
molded low-density polyethylene 
are closures for squeeze tubes, 
spouts for detergent cans, indus- 
trial parts and containers, e.g., 
drums and carboys, and shoe 
parts. Toys alone consume 10 to 
15% of all polyethylene sold for 
molding applications. 

Medium-density materials 
which fall in the range between 
these two have found new uses. 
They have improved stiffness and 
gloss, without much sacrifice of 
flow properties, coupled with im- 
proved heat resistance. They are 
already being used extensively in 
housewares and have achieved 
a more prominent position in the 
molding field. 

The inherent hardness of the 
high-density polyethylenes im- 
parts a surface gloss to molded 
items. This attractive gloss is 
easily obtained even with a rel- 
atively low melt index, which 
permits attractive, tough mold- 
ings. 

A large percentage of the high- 
density material is currently being 
injection molded into a_ wide 
variety of consumer products. The 
most significant volume of in- 
jection molded items is house- 
wares and _ industrial parts. 
Molding cycles are reduced by 
using the higher flow types (2.0 
to 5.0 melt index). 

Industrial applications for high- 
density polyethylene are expand- 
ing rapidly. Large carrying cases 
(tote boxes), housings, closures, 
caps, etc., are a few of the most 
promising applications. Large 
parts will, for the most part, uti- 
lize the higher-flow types while 
such items as caps, closures, etc., 
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will take advantage of the in- 
creased toughness and _ stress 
cracking resistance of the lower 
melt index materials. 


(___ Filmand sheeting _) 


To date, film has consumed 
more polyethylene than any other 
fabricated form. Since 1953, more 
than a third of all polyethylene 
used in the U. S. has been con- 
verted to film. Over 80% of the 
film produced now goes into the 
packaging of foods, textiles, toys, 
hardware, machinery, and chemi- 
cals. Industrial packaging, e.g., 
drum and carton liners, and the 
recently introduced polyethylene 
shipping bags for chemicals, food- 
stuffs, etc., should provide a 
tremendous new market for poly- 
ethylene film. Although the im- 
portance of polyethylene film in 
the packaging industry will un- 
doubtedly continue to increase to 
make it one of the largest mar- 
kets for the material, some non- 
packaging applications are ex- 
pected also to grow rapidly in the 
future. Agricultural and construc- 
tion uses, in particular, are just 
gaining momentum. 

Polyethylene film is produced 
mainly by extrusion, either from 
a flat die with water quenching 
or by the blown tubing method. 
Some film is produced by calen- 
dering but the difficulties of this 
process have greatly limited its 
commercial development. 








Some 


of the new films provide excep- 
tional clarity combined with im- 


proved slipping and _ blocking 
When - special 
properties are required, the user 
may select one of the blends of 
polyethylene with rubber’ or 
other materials. Film made from 
high-density polyethylene dis- 
plays excellent slip properties, 
and is completely nonblocking. 
The flat die-water tank and flat 
die-casting roll techniques pro- 
duce high-density film having ex- 
cellent transparency and surface 
gloss and may represent the first 
real challenge to the cellophane 
market. The higher melt index 
types are 


characteristics. 


preferred since im- 
proved clarity is possible com- 
pared to the lower melt index 
resins. 

“Blown” film is noticeably less 
transparent than low-density 
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film. In both cases, the higher 
stiffness modulus is quite appar- 
ent. This is desirable for pushing 
film through automatic packaging 
machinery. 

Using the blown tubing method, 
heavy gage high-density tubing 
is being produced. This heavy 
tubing (up to 20 mils) offers an 
economical source of sheeting for 
vacuum forming. 

The clarity, improved perme- 
ability, printability, and heat- 
sealability of flat die film made 
from low-density polyethylenes 
offer distinct attractions to the 
overwrap packaging field in gen- 
eral. Anisotropy in tear strength, 
due to orientation of the film 
during conversion, paradoxically 
is not a detriment to the flat die 
film since it provides for easy 
opening of the package. 

The technique for sheet extru- 
sion is almost identical to that 
used for impact-type styrene 
sheet. Outstanding surface qual- 
ity can be achieved with a flat die 
and a three-high roll stack take- 
off. For example, a combination 
of 390° F. stock and 220° F. 
roll temperatures has produced 
a high-gloss surface which was 
not lost during subsequent form- 
ing operations. 

The large-scale use of heavy 
sheeting, however, has been re- 
tarded by the lack of well-devel- 
oped fabrication techniques. With 
high-density polyethylene, how- 
ever, sheets 0.125 in. and over 
can be produced if there is an 
existing demand. As the necessary 
techniques are worked out, and 
sheeting with the required prop- 
erties becomes available, a great 
increase in the production of poly- 
ethylene objects by the thermo- 
forming of heavy sheet will occur. 

High-density polyethylene 
sheet may be successfully ther- 
moformed on existing equipment; 
however, due to the low thermal 
conductivity of polyethylene and 
high softening point, cycle times 
are longer than those used for 
impact-type polystyrenes. There- 
fore, to decrease this cycle and 
improve the economics of this 
process, higher heater watt den- 
sities are required. Special heat- 
ing techniques, such as sandwich 
heating, are also very valuable 
for fast heating of thick sheets. 

During the past year, polyethyl- 


Toy telephone has handset, 
base, and dial assembly 
molded of polyethylene. 
(Photo, Eastman) 


ene containing an ultra-violet in- 
hibitor has been announced which 
is reported to increase substan- 
tially the expected outdoor life of 
polyethylene film and 
articles. 


(Electrical insulation _) 


High electrical resistivity and 
good dielectric characteristics, 
particularly at high frequencies, 
have made polyethylene an im- 
portant material in_ electrical 
insulation. About 15% of the 
polyethylene now produced is 
used for electrical insulation or 
jacketing. During World War II, 
nearly all the available polyethyl- 
ene was used for insulation in 
communication partic- 
ularly high-frequency applica- 
tions. Polyethylene is used as an 
outer jacket on power cables, 
telephone lines, television lead-in 
wire, and appliance wire where it 
serves as both insulation and as a 
protective barrier against mois- 
ture, weathering, and abrasion. 
Some of the higher melt index 
types are also used, usually com- 
pounded with polyisobutylene or 
synthetic rubber to improve their 
environmental 


molded 








service, 


crack resistance. 
However, improved crack resist- 
ance is usually obtained by the 
use of low melt index grades of 
resin. When melt index gets ex- 
tremely low, however, there is an 
extrusion problem. 

Severe difficulties which have 
been encountered with the un- 
predictable environmental stress 
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cracking of high-density poly- 
have caused virtually 
everyone in the industry to real- 
ize that the acceptance of high- 
density polyethylene for electrical 
applications on any large scale 
has been postponed to some time 
in the future when the technical 
difficulties may be overcome. 
Mention should also be made 
of the use of foamed polyethylene 
in the electrical field. Though its 
volume of use today is small, the 
potential for this material is very 


ethylene 


large, if certain technical and pro- 
duction problems can be over- 
come. 


co. Pipe =—tié*ds 


Polyethylene pipe is 








finding 
steadily increasing acceptance for 
farm, mine, and home uses, pri- 
marily in the transportation of 
cold water. It is available in sizes 
ranging from \% to 6 in. in diam- 
eter. Its principal advantage over 
other plastics and metal pipes is 
its flexibility, which allows 
lengths up to 1500 ft. to be 
coiled for shipment. This results 
in great ease of installation. 
Other advantages are its immu- 
nity to rupture through freezing, 
and complete resistance to corro- 
sion. Polyethylene pipe is colored 
black (with 2 to 3% of finely di- 
vided carbon black) for protec- 
tion against ultra-violet light. At 
present, pipe accounts for about 


Applications for low-den- 
sity polyethylene range 
from clear, strong packag- 
ing film to rope and baby 
bottles. (Photo, Phillips) 


13% of the polyethylene pro- 
duced in the U. S., and this pro- 
portion will probably not change 
greatly in the next few years. 

The position of high-density 
polyethylene in the pipe field has 
not yet been established, but it 
is not expected to compete seri- 
ously with the more flexible ma- 
terials in their present uses. One 
of the desirable features of low- 
density polyethylene pipe is its 
flexibility, which permits mar- 
keting in easily-handled coils, 
whereas the _ higher _ stiffness 
modulus of the high-density type 
will necessitate shipment in 
straight lengths, with the accom- 
panying need for joints. In many 
installations, however, the in- 
creased heat resistance of the 
high-density pipe will be of 
greater importance than the re- 
duced flexibility. Long-time burst 
strength of high-density pipe is 
only marginally better than low- 
density pipe. 

Butt welding has been shown 
to be an excellent method for join- 
ing the semirigid, high-density 
pipe. Standard threaded fittings 
may also be used in certain ap- 
plications where very low pres- 
sures are involved, but in general 
this method is not recommended, 
since it increases danger of crack- 
ing. High-density polyethylene 
pipe will find use in many low- 
pressure applications in chemical 
processes, food processing plants, 
electrical conduit systems in 
corrosive areas, etc. 

For the production of pipe, the 
extended mandrel technique has 
been found to be the most de- 
pendable and troublefree for 
low-density polyethylene. High- 
density polyethylene, for best re- 
sults, requires that an external 
sizing tube be used, whereas 
low-density is best fabricated by 
using the mandrel 


_) 


internal 
technique. 





C Coatings 


Of the various methods of coat- 
ing other materials with poly- 
ethylene, only extrusion-coating 
is of commercial importance at 





present. In this process, a very 
thin film of polyethylene is ex- 
truded directly onto a moving 
web of paper, aluminum foil, or 
other sheet material. About 7% of 


the polyethylene consumed in the 
U. S. goes into extrusion-coating 
applications. The great bulk of 
this is extruded onto paper for 
multiwall bags, wrapping and lin- 
ing papers, and pouch bags. 
Coated aluminum foil is heat- 
sealable, and provides a package 
which is absolutely waterproof. 
Cellophane and polyester film 
coated with polyethylene are 
finding increasing acceptance for 
packaging applications requiring 
greater strength, impermeability, 
or heat resistance than would be 
provided by polyethylene alone. 
Fabrics have been’ extrusion- 
coated with polyethylene to 
render them waterproof, or better 
able to retain finely. powdered 
materials. Nonwoven mats of 
cellulose fibers are coated to pro- 
duce disposable baby diapers and 
hospital sheets. A probable large 
future application is the coating 
of board stock for milk cartons 
and other liquid containers. 

To all these combinations, low- 
density polyethylene contributes 
wear resistance, heat-sealability, 
form retention, and moisture re- 
sistance. The lower permeability 
of high-density polyethylene may 
lead to its use in extrusion-coat- 
ing. Slight modifications in coating 
techniques should be employed 
with high-density polyethylene, 
but the greatest improvements 
can be made by modifying the 
resin itself in order to be able to 
use it on existing coating equip- 
ment. Experimental polymers un- 
der development show much 
promise in this respect. High- 
density polyethylene may be 
coated on existing equipment to- 
day, but in thicknesses which 
make it economically impossible 
to compete with low-density 
polyethylene. High melt index 
resins will undoubtedly be used 
in this application. 

Metal surfaces can be coated 
with a heavy layer of polyethyl- 
ene by flame spraying. A 
fluidized-bed technique is used 
to coat small, irregularly-shaped 
metal objects. 
polyethylene 

large-scale 


Medium-density 
resins are finding 
usage in the extrusion-coating of 
paper and films. The improved 
permeability resistance of a medi- 
um-density resin makes it a nat- 
ural for this type of application 
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and, processing-wise, the medi- 
um-density resins offer improved 
thin-gage draw-down and speed 
of extrusion. 

The coating of heated metal 
surfaces with air-suspended pow- 
dered polyethylene by a sintering 
process has also increased in 


popularity. 





Filaments 


C 


This market is relatively small 
in low-density polyethylene, and 
complete displacement can be ex- 
pected, together with rapid 
growth in total input. Filaments 
produced from high-density poly- 
mers can be oriented by stretch- 
ing 800 to 1000% and have shown 
tensile strengths comparable to 
the best synthetic fibers, with ex- 
cellent abrasion resistance. The 
combination of low cost, high- 
tensile, good chemical inertness, 
and good heat resistance should 
be of real value in cordage, fish 
nets, filter cloths, upholstery, and 
the like. 

Since the high-density poly- 
mers are still simply polyethyl- 
enes, they require the usual pro- 
tection from the degrading effects 
of oxidation and _— sunlight. 
Commercial anti-oxidants have 
proved effective. Carbon black is 
still the best light absorber for 
wire, pipe, and other items that 
will be subjected for any length 
of time to outdoor exposure. How- 
ever, the excellent physical prop- 
erties and favorable economic 
position of the high-density mate- 
rials is sufficient to challenge the 
specific aging characteristics. 








(___Bottlesandtubes _—) 


Polyethylene can be blow 
molded into bottles and collapsi- 
ble tubes for cosmetics, drugs, 
foodstuffs, and chemicals, and has 
had particular success in baby 
bottles. In this field, polyethylene 
has gained great popularity be- 
cause of low cost, resistance to 
breakage and corrosion, “squeeze” 
flexibility, and sales appeal. In 
the blow molding process, an ex- 
truded tube is formed to shape in 
a mold by air pressure. Large 
carboys and drums can be made 
by welding or blow molding. 

Special polyethylenes have 
been developed to meet the par- 
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ticular flow requirements of vari- 
ous custom processes. In some 
packaging applications, the use of 
polyethylene alone has been re- 
stricted by the diffusion of essen- 
tial oils and _ other volatile 
substances through the wall of the 
container. However, this limita- 
tion has been reduced by the use 
of lining compounds. Lined poly- 
ethylene packages offer perhaps 
the most promising growth pros- 
pects for the area of polyethylene 
bottles, tubes, and cans. 

High-density polyethylene can 
be processed in conventional 
equipment in accordance with the 
usual procedures for making bot- 
tles of low-density polyethylene. 
For many _ applications, the 
increased rigidity and heat re- 
sistance will outweigh the reduced 
flexibility. “Squeeze bottles” can 
be made by designing plane or 
slightly curved faces which will 
display a diaphragm or “oil-can” 
action. Extruded polyethylene 
tubing fitted with two metal ends 
also shows possibilities. The 
lower permeability of the high- 
density bottles should permit a 
greatly broadened use of plastic 
bottles and containers in the 
packaging of cosmetics, pharma- 
ceuticals, and miscellaneous 
chemicals. 





(Miscellaneous uses _) 





There are a number of minor 
applications for polyethylene 
which, in total, account for an 
impressive quantity of material. 
Thick compression molded slabs 
are used in the shielding of nu- 
clear reactors. Thinner sheets are 
used in the construction of tanks, 
tank linings, and many types of 
chemical process equipment. 
Small-diameter tubing is used in 
aerosol dispenser cans, automo- 
bile battery separators, etc. 

Other uses for polyethylene 
are potting delicate electrical 
mechanisms by injection molding 
and centrifugal casting of large 
tubes or pipe. Low-molecular- 
weight polyethylenes are used in 
emulsions, wax blends, and in 
rubber processing. 
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TFE-Fluorocarbon Resins 


BY R. B. FEHR* 


Polytetrafluoroethylene (TFE- 
fluorocarbon resin) is the high 
polymer of _ tetrafluoroethylene 
created by polymerization under 
carefully controlled conditions. 
As a consequence of having a 
molecular structure consisting of 
carbon and fluorine atoms only, 
it has a combination of chemical 
and physical properties unsur- 
passed by any other single ma- 
terial of construction. Articles 
fabricated of TFE-fluorocarbon 
resin exhibit extreme inertness 
attack, very high 
thermal stability, low dielectric 
loss and high dielectric strength, 
non-adhesion and low frictional 
properties, and outstanding re- 
tention of properties over a wide 
temperature range. All of this is 
a result of the pure fluorocarbon 
system where the primary bonds 
in the polymer chain are very 
strong, the secondary valence 
forces between adjacent chains 
are weak, and the symmetrical 
arrangement of fluorine atoms 
forms a smooth, impenetrable 
sheath protecting the carbon 


to chemical 


* F. I. du Pont de Nemours & Co., Inc., Wil 
mington 98. Del 

Recent Developments and References were 
prepared by the editors 


chain. Because of this structure, 
TFE-fluorocarbon resins have the 
unusual combination of proper- 
ties mentioned above. Described 
below are some of the applica- 
tions which are currently using 
these properties to advantage. 
TFE-fluorocarbon resin (Tef- 
lon!) is produced as a granular 
powder for compression molding, 
as an extrusion powder normally 
used with an extrusion aid to 
produce extruded articles such 
as hose and insulated wire, and 
as an aqueous dispersion for 
coating metals and fabrics. 


Properties and applications 


The low dissipation factor and 
low dielectric constant have found 
many uses for TFE-fluorocarbon 
resins in the electronics industry. 
The dissipation factor and di- 
electric constant are unchanged 
from frequencies of 60 cycles per 
sec. to 10,000 megacycles per 
second. In addition, these prop- 
erties are only slightly altered 
at elevated temperatures. For 
example, over a frequency range 
of 10° to 10‘ cycles per sec., the 
dissipation factor does not change 
within the limits of measurement 
to temperatures as high as 597° F. 

Another unusual property of 
TFE-fluorocarbon resins is their 
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TABLE |: Grades of TFE-fluorocarbon resins 





Teflon grade Description 


l General-purpose molding 


powder 


Special-purpose powder for 
molding cylindrical shapes 
for the production of skived 


tape 


Special-purpose ultra-fine 
molding powder for 
where highest quality void- 
free moldings are required 


Special-purpose 


powder 
usually compounded with 


Use 


Gaskets, packing, seals, rings, 
electronic components, sheets, 
rods, heavy wall tubing, and 
bearings 


Tape and molded shapes for 
chemical, electrical, mechani- 
cal, and non-adhesive applica- 
tions 


Tape and molded shapes for 


use chemical, electrical, mechani- 


cal, and non-adhesive applica- 
tions 


Thin wall tubing, wire insula- 
tion, and electrical tape 


naphtha to aid in extrusion 


Aqueous dispersion 


Coating of fabrics and metals 





exceedingly low coefficient of 
friction—lower than that for any 
other solid. The static coefficient 
is lower than the dynamic value 
and thus TFE-fluorocarbon res- 
ins do not exhibit a slip-stick 
type of motion. The low coeffi- 
cient of friction signals a poten- 
tially large field for TFE-fluoro- 
carbon resins as a_ bearing 
material. 

While many of the mechanical 
strength properties of the res- 
ins are adequate for many uses 
but not exceptional, the impact 
strength is extremely high. Even 
though many plastics exhibit 
better properties at room tem- 
perature, there are no plastics 
that retain useful mechanical 
properties over as wide a tem- 
perature range. For example, 
after one month at 480°F., 
molded bars showed only a 1% 
loss in tensile strength. An ex- 
treme example of its utility at 
high temperature is as a totally 
confined gasket at a temperature 
of 930° F. under a pressure of 
15,000 p.s.i. This is possible since 
the melting point of TFE-fluoro- 
carbon resins is raised with in- 
creasing pressure. 

The value of TFE-fluorocarbon 
resins for certain applications 
can be considerably enhanced by 
the use of reinforcing agents. 
Such modification improves cer- 
tain mechanical properties and 
permits compositions based on 
TFE-fluorocarbon resins to be 
tailored to a wide variety of 
chemical, mechanical, and electri- 
cal applications. As an example, 
resistance to wear by rotating 
shafts can be increased as much 
as 500 times through the use of 
additives. Furthermore, the modi- 
fied compositions retain most of 
the outstanding properties of 
uncompounded TFE-fluorocarbon 
resins. Elongation and _ impact 
strength are lowered, but in most 
instances these changes do not 
impair the usefulness of the arti- 
cle. 


Processing methods 


Some of the properties of TFE 
resins are relatively insensitive 
to fabrication techniques, while 
others are, to a large extent, 
under the control of the fabri- 
cator. Good thermal and chemical 
resistance, non-adhesiveness, low 
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dissipation factor, and low di- 
electric constant are inherent in 
the chemical structure of the 
tetrafluoroethylene molecule and 
are relatively independent of the 
fabrication method. On the other 
hand, properties such as stiffness, 
flex life, permeability, and tensile 
properties are influenced by fab- 
rication. For this reason, it is 
recommended that anyone con- 
templating new designs incorpo- 
rating TFE-fluorocarbon resins 
work closely with an experienced 
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fabricator whenever possible, 
since the mode of fabrication may 
markedly affect not only the 
properties of the finished article 
but also the production costs 
that are involved. 

TFE resins are fabricated by a 
number of techniques including 
screw extrusion, ram extrusion, 
preforming followed by pressure 
or free sintering, extrusion with 
an extrusion aid (naphtha), 
coating and dip coating, and im- 
pregnation. These techniques, 


while different, have three basic 
steps in common: 1) cold form- 
ing; 2) sintering; and 3) cooling. 
The different methods are ap- 
plicable to the various forms in 
which the resin is available. 
Sheeting of TFE-fluorocarbon 
resins can be fabricated or treated 
by a variety of treatments to 
make the sheeting cementable to 
various substrates using a variety 
of conventional adhesives. One 
advantage of this case is that the 
treatment may be applied to any 








Polytetrafluoroethylene lined pipe (Halocar- 
bon Div., Haveg Industries, Inc.) is available 
in diameters of 1-, 114-, 2-, and 4-in. and in 
lengths of 2, 5, and 10 feet. Because of its 
high cost, this pipe is suggested only for those 
applications where corrosion and maintenance 
problems are severe and can be solved through 
the material’s non-adhesion characteristics. 


A new pressure-sensitive polytetrafluoroethy]- 
ene-impregnated fibrous glass tape (Temp-R- 
Tape TG, The Connecticut Hard Rubber Co.) 
is suggested for use on packaging, convert- 
ing, and textile machines to reduce sticking, 
build-up, wear, and friction. The tape’s service 
temperature range is from —100 to 400° F. 


A reinforced polytetrafluoroethylene (Teflon) 
resin which exhibits a two- to fourfold im- 
provement in dimensional tolerances of 
molded parts over unmodified polytetrafluoro- 
ethylene resin has been introduced (Fluoro- 
sint, The Polymer Corp. of Penna.). In addi- 
tion, the resin has a thermal coefficient of 
expansion about one-fifth that of the unmodi- 
fied resin. 


A line of copper-clad polytetrafluoroethylene 
sheets and tapes (Chemelec, Fluorocarbon 
Products, Inc., Div. of United States Gasket 
Co.) is designed for printed circuit and cable 
strip applications. This material assures a uni- 
form dielectric constant and no delamination. 


Microthin __ polytetrafluoroethylene _—_ tubing 
(W. S. Shamban & Co.), competitive with 
vinyl spaghetti tubing, retains the properties 
of heavier wall tubing. The tubing is available 
in wall thicknesses from 0.005 to 0.010 in., AWG 
sizes #30 through #0. 


A polymer of trifluorochloroethylene (Poly- 
fluoron, Acme Resin Corp.), with low loss die- 
lectric properties and excellent chemical re- 
sistance to acids, alkalies, salts, and organic 


solvents, is now available in aerosol containers 
for spray-coating of small metal and ceramic 
items. It is the first thermoplastic material of 
its type to be successfully packaged in aerosols. 


New extrusion techniques permit the produc- 
tion of polytetrafluoroethylene (Teflon) rods 
in diameters from %2 to 2 in. in extremely 
small increments (Chemplast, Inc.). 


A new process for covering magnet wire 
(Fused-Film Wire, Adam Consolidated Indus- 
tries, Inc.) converts polytetrafluoroethylene 
(Teflon) tape (Minnesota Mining & Mfg. Co.) 
into a thin concentric filmed insulation 0.002 
in. thick. The tape is fused into a continuous 
coating without seams or joints. 


New chemical and mechanical seals of poly- 
tetrafluoroethylene (Teflon) plastic (Tri-Point 
Plastics, Inc.) have dimensional tolerances of 
0.001-in. or less. Based on a high-density, 
high-polymer plastic stock (“TSI” Teflon rod 
stock, Tri-Point Plastics, Inc.), the seals are 
produced for extreme temperature, pressure, 
and corrosion applications in the chemical 
process, aircraft, electronic, and other fields. 


Fluorocarbon hose (Fluoroflex-T R700, Re- 
sistoflex Corp.) and hose assemblies (R25800), 
fill the need of the aircraft industry for a de- 
pendable lightweight, high-temperature, high- 
pressure hose for the new 3000 p.s.i. hydraulic 
system. The hose is chemically inert to all 
natural and synthetic hydraulic fluids. 


A modified form of TFCE (Kel-F Grade 500, 
Minnesota Mining & Mfg. Co.) gives improved 
heat-aging characteristics and higher impact 
strength. Intended for the wire-insulation 
field, it can also be used for injection and com- 
pression molding. The tendency for lower- 
molecular-weight parts to crystallize has been 
greatly reduced through the use of this ma- 
terial. 





“LUOROCARBONS 





desired area so as to preserve 
the low frictional antistick prop- 
erties on untreated surfaces. 

For applications where con- 
tinuous TFE-fluorocarbon resin 
joints are required, as in tank 
linings for chemical process 
equipment, sheet stock may be 
heat-bonded. This technique em- 
ploys a simple contact heater at 
a temperature of about 710° F. 
with the aid of a flux and a con- 
tact pressure of about 35 p.s.i. 

TFE-fluorocarbon resins are 
extremely stable at high tempera- 
tures. They can be used contin- 
uously up to 500° F. and in spe- 
cial applications even higher. 
However, at one stage in its proc- 
essing, the resin is heated to tem- 
peratures above 650° F. These 
temperatures exceed the point 
where small quantities of gas- 
eous decomposition products are 
evolved, some of which may cause 
extreme discomfort if inhaled. 
Thus, a necessary safety precau- 
tion is adequate ventilation. 


Polychlorotrifluoro- 
ethylene 


BY J. A. JUPA* 


The polymer molecule of triflu- 
orochlorethylene consists of a 
carbon skeleton and two halogens 
—fluorine and chlorine—present 
in a mol ratio of 3:1. The chlo- 
rine atom contributes to the 
transparency, moldability, and 
rigidity characteristics of the 
plastic, while the fluorine atoms 
are responsible for its chemical 
inertness, thermal stability, and 
zero moisture absorption. 

The resulting Kel-F* brand 
thermoplastic materials have a 
wide range of molecular weights: 
high-molecular-weight resins, 
used for molding and dispersions, 
are in the range of 300,000 and 
400,000 units; lower-molecular- 
weight materials, existing as oils, 
greases, and waxes, have boiling 
points from —110° C. to about 
230° C. at 1 mm. Hg. The lower- 
molecular-weight oils and greases 
are useful as plasticizers, stop- 
cock greases, damping fluids, etc. 

Molding and extrusion mate- 
rials: These are hard, dense ther- 
moplastic resins with extreme 


° Chemical Products Group, Minnesota Mining 
& Mig. Co., 900 Bush Ave., St. Paul 6, Minn. 
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chemical inertness, thermal sta- 
bility, and high impact, tensile, 
and compressive strengths. The 
materials are supplied as high- 
or low-density molding powders. 

The high-density molding pow- 
ders are essentially %-in. cylin- 
drical pellets which have a com- 
pression ratio of 2:1. The 
low-density molding powders 
have a compression ratio of 
roughly 6:1 and are white, free- 
flowing powders. 

Although there is a plasticizer 
grade and a flexible type for wire 
coating and thin-wall tubing, the 
molding and extrusion materials 
may be classed generally as rigid 
rather than as elastomeric plas- 
tics (Rockwell hardness R111 to 
115). 

Plasticized materials are also 
available. The plasticizer has the 
same chemical and _ electrical 
properties as the high polymer. 

The electrical characteristics of 
these molding and extrusion ma- 
terials are also outstanding. The 
polymer does not carbonize when 
subjected to electrical arcing and 
withstands greater than 360 sec. 
when tested according to A.S.T.M. 
D-495-42. Volume resistivity is 
outstanding over a wide tempera- 
ture range. Its dielectric strength 
is 520 v./mil. 

Dispersions: Dispersions were 
developed from polychlorotrifluo- 
roethylene polymers to extend 
the protection of this material to 
surfaces that do not lend them- 
selves to the use of molded plas- 
tic because of size, design, or con- 
struction. 

These dispersions consist of 
finely divided particles of the 
high-molecular-weight plastic 
suspended in a volatile organic 
liquid. Upon heat fusion, the dis- 
persions form a tough, permanent 
protective coating with all the 
properties of the original plastic. 
Dispersions can be applied to 
many metallic, and certain non- 
metallic surfaces by spray, spread, 
or dip-coating. Primers are avail- 
able to increase adhesion. 

Antistick characteristics are an 
important advantage of fluoro- 
carbon dispersion coatings. Glues, 
inks, paints, greases, meats, 
waxes, candies, rubber, or casting 
resins will not readily adhere. 
When used to coat surfaces of 
processing equipment, clean-out 


and shut-down time are reduced 
and schedules speeded up. 
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Furane Resins 


BY JOHN DELMONTE* 


E... since their development 
in the late 1930’s, furane resins 
have proven to be strictly func- 
tional, particularly in upgrading 
the qualities of materials under- 
going impregnation, in coatings, 
and in adhesives. The color of 
cured furane resin is dark black, 
in spite of the light color of the 
raw materials. The dark color ex- 
cludes furanes from decorative 
applications, except where its 
glossy black color is specified. 


Chemistry 


Furfuraldehyde has long been 
recommended as a raw material 
to replace, in part, the formalde- 
hyde reacted with phenol 'to form 
phenolic resins. The partial poly- 
mers, which are formed, prove 
valuable during molding, offering 
as they do better than average 
flow properties. As a resin con- 
stituent by itself, furfuraldehyde 
reacts slowly to form a brittle 
polymer under acid conditions. 

Furfuryl alcohol is the highly 
reactive constituent upon which is 
built the pure furane resins. Par- 
tial polymers are offered to in- 
dustry with appropriate catalysts 
of an acidic nature. These cata- 
lysts may be blended with min- 
eral fillers, which, in combination 
with the partial polymer of fur- 
furyl alcohol, form cementing 
compounds used to lay acidproof 
bricks as liners in chemical proc- 
tanks. Furfuryl alcohol 
polymers are primarily 
liquid until cured, and do not 
form a fusible solid as do the 
phenolic and the urea formalde- 
hyde resins. 


essing 
partial 


Other reactive furane resins in- 
clude the  furfuraldehyde-ke- 
tones, which find application as 
resin cements and in coatings, and 
the furfuryl alcohol formaldehyde 
resins, which are very reactive 
and capable of forming infusible, 
insoluble polymers. Industrially 
important adhesives for plywood 
" Gen mgr., Furane Plastics, Inc., 4516 Brazil 


, Los Angeles 39, Calif 
References were prepared by the editors. 
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manufacture are also prepared 
from furfuryl alcohol and di- 
methylol urea. The latter are 
lighter in color due to the pres- 
ence of the urea resin. 


Processing 

Room-temperature curing fu- 
rane resins—aided by acidic-type 
catalysts—are used because of 
their chemical inertness as cured 
polymers. However, in almost all 
cases their usefulness is further 
augmented by further processing 
at elevated temperatures—up to 
250° F. Systems, which had been 
borderline in usefulness after 
low-temperature cure, now be- 
come quite acceptable when proc- 
essed further at higher tempera- 
tures. 

Baked coatings, developed from 
one-component solutions of epoxy 
resins, will form thin, chemically 
resistant films when baked at ele- 
vated temperatures. These sys- 
tems obviate the necessity for a 
second component, usually a cata- 
lyst. Baking temperatures are, 
however, much higher than re- 
quired for room-curing systems. 
Generally, a 320 to 400° F. tem- 


perature is used. 


Applications 

Whether im- 
pregnating plaster of paris cast- 
ings or 


Impregnation: 


sand-foundry patterns, 


the rapid and effective penetra- 
tion of furane resins is note- 
worthy. They also assist in the 
manufacture of grinding wheels 
due to effective wetting action. 

Adhesives: Although bonds of 
low-temperature cured furanes to 
metals are questionable, they do 
exhibit adhesion to 
ceramics and wood products, and 
miscellaneous materials such as 
cured thermosetting phenolic 
resins. Other specialized functions 
include bonding agents for ex- 
plosives. 

Coatings: The furane_ resins 
may be tailored into useful indus- 
trially applicable coatings with 
outstanding chemical resistance. 
Commercially, they been 
used in this manner for many 
years, resisting acids and alkalies 
quite successfully. 


excellent 


have 
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Pipe section for handling hot concentrated alkalies is made from 
furane resin and acid digested asbestos filler. (Photo, Haveg) 





Inorganic Plastics 


BY J. H. DUBOIS* 


O ne of the original inorganic 


plastics materials was glass- 
bonded mica, first produced in 
the United States in 1923. Glass- 
bonded mica is prepared by mix- 
ing freshly ground natural micas 
and a low-melting-point electri- 
cal grade of glass. This mixture 
of glass and ground mica then 
is preheated until the glass be- 
comes soft and pressed to the 
desired shape by either one of 


* Consultant, J. Harry DuBois Co., Box 178, 
Montclair, N. J.; formerly with Mycalex Corp 
of America, 125 Clifton Blvd., Clifton, N. J 
This article refers to glass-bonded mica and 
the ceramoplastics 
References were prepared by the editors 


two processing methods—com- 
pression molding or _ injection 
molding. 

For fabricating purposes, sheet 
and rod materials are formulated 
with a minimum amount of glass 
and a maximum amount of mica. 
A different combination is used 
to get a high-plasticity material 
for molded products. High dielec- 
tric constant materials may be 
achieved by the inclusion of 
titanium dioxide or other ti- 
tanates. 

Glass-bonded mica molded 
products may be used at tem- 





TABLE |: Properties of ceramoplastics 





Property 


Electrical 


Dissipation factor, 1 mc. 
Dielectric constant, 1 mc. 


Temp. coefficient of dielectric constant, 


1 me. p.p.m./° F. 
Loss factor, 1 mc. 
Dielectric strength, v./mil 


Volume resistivity, ohm-cm., at 20° C. 
at 250° C. 
at 500° C. 


Arc resistance, sec. (A.S.T.M.) 


Mechanical 


Specific gravity 
Density, lb./cu. in. 


Injection molded’ 


Value 


Compression molded’ 





0.0015 0.0015 
9.2 7.2 


120 135 

0.014 0.011 

400 500 

5 x 10” 1X 10" at 25°C. 
5 x 10" 4 x 10” at 100° C. 
1X 10° 4 10° at 500° C. 
250 300 


38 3.0 
0.136 0.11 


Impact strength (Izod), ft.-lb./in. of notch 0.7 1.85 


Water absorption, % in 24 hr. 
Hardness, Rockwell M 
Knoop 
Flexural strength, p.s.i. 
Modulus of elasticity, p.s.i. 
Compressive strength, p.s.i. 
Tensile strength, p.s.i. 
Specific heat, cal./g./° C. 
Mold shrinkage 
Maximum operating temp., ° F., 
continuous 
short time 
Thermal conductivity, 
b.t.u./sq. ft./hr. (° F./in.) 
cal./sq. cm./sec./ (° C./em.) 
Thermal expansion, in./in./° C., 
at 20 to 300°C. 


1 Based on injection molded Supramica 555. 
* Based on compression molded Supramica 500. 


Nil Nil 

115-125 110-120 

600 550 

13,000 15,000 

7X 10° 11 x 10° 
25,000 35,000 

6,000 6,000 

0.14 0.17 

Nil Not applicable 


700 850 
950 


3.2 3.5 
0.00134 0.00095 


11.4 « 10° 112 x 10°° 
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peratures up to 650° F.; the fab- 
ricating material may be used at 
temperatures up to 800° F. 

Other good properties are to- 
tal are resistance, radiation en- 
durance, negligible moisture 
absorption, total dimensional sta- 
bility, and freedom from distor- 
tion under age and_ thermal 
cycling. The thermal expansion 
coefficient matches closely the 
stainless steel insert materials. 

In processing these materials, 
proper proportions of mica and 
glass are mixed intimately with 
about 10% of water. The mixture 
is preformed under pressure of 
4000 p.s.i. and dried to remove 
excess water. Compression mold- 
ing is accomplished by heating 
preforms until the glass becomes 
plastic and then hot-pressing at 
500 to 700° F. at approximately 
4000 p.s.i. Most sections require 
careful annealing after molding. 

Injection molding of glass- 
bonded mica is done by first pre- 
heating the charge, which is then 
manually transferred to the in- 
jection cylinder and injected into 
a closed mold maintained at a 
temperature of approximately 700 
to 900° F. and at pressures from 
10,000 to 50,000 p.s.i. 

The ceramoplastic materials 
(Supramica 500, Supramica 555, 
Supramica 560)! are relatively 
new products composed of Syn- 
thamica, a pure, fluor-phlogopite 
synthetic mica, bonded with in- 
organic materials which enable 
them to be used in the 500° C. 
range for missile and supersonic 
aircraft components applications. 
The ceramoplastic materials also 
exhibit the moldability, the in- 
clusion of inserts, and the ability 
to mold intricate detail not found 
in the true ceramic materials. 
Table I lists physical properties. 
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lon Exchange Resins 


BY ROBERT W. PERCIVAL* and ALVIN G. WINGER* 


A phenomenal growth in the 
field of ion exchange has taken 
place since the first synthetic 
organic exchange resins appeared 
on the chemical scene over 20 
years ago. Today the synthetic 
organic resins have completely 
overshadowed the older types of 
inorganic exchangers. 

The reasons for this develop- 
ment are the much wider variety 
of exchange groups that can be 
introduced into the organic resins, 
the possibility of obtaining, at 
will, differing degrees of porosity, 
and the greater chemical and 
physical stability of the organic 
exchangers under extremes of 
acidity and alkalinity. 

Ion exchange resins may be 
classified as cation exchangers 
with either strongly or weakly 
acidic functional groups and anion 
exchangers which contain either 
strongly or weakly basic func- 
tional groups. 


lon exchange reactions 


The important reactions of these 
resins are shown in the schematic 
equations in Fig. 1, p. 123, in 
which “R” represents the insolu- 
ble organic resin skeleton to 
which the hydrophilic functional 
groups are attached. 

All of the many types shown 
are capable of entering into the 
neutralization reaction, but this 
reaction is reversible by hydroly- 
sis in the case of the weak acid 
or weak base resins. Second, all 
of the resins will exchange ions 
of one species for others of the 
same species, excepting the special 
cases of hydrogen and hydroxide 
ions. The reversibility of these 
reactions by means of changing 
the concentration of the solution 
contacting the resin is, of course, 
the feature that permits the eco- 
nomical employment of these ma- 
terials in so many processes. 
Third, only the strong acid and 
base exchangers can “split neutral 
* Rohm & Haas Co., Washington Sq., Phila- 


lelphia 5, Pa 
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salts,” liberating in the one case 
a strong acid, in the other case 
setting free a strong alkali. 

Several other fundamental 
chemical properties are not shown 
by the equations in Fig. 1, e.g., ion 
exchange resins show different 
affinity for adsorbing different 
ions. Thus, for cation exchangers, 
ions of higher valence tend to 
replace ions of lower valence 
(Th**>Al**>Ca**>Na*) and ions 
of higher atomic number tend to 
replace ions of lower atomic num- 
ber (Cs*>Rb*>K*>Na’*>Li’). 

Another important property of 
ion exchange resins is their 
porosity. In order to make full 
use of all of the functional groups 
in a resin particle, it is obviously 
necessary to have pores large 
enough to permit the ions to 
diffuse into them. 

The regular grades of ion ex- 
change resins are sufficiently 
porous to admit all the ordinary 
inorganic ions. But there are 
certain applications involving 
large organic ions that require 
resins of unusually high porosity. 
The question of the means by 
which porosity may be controlled 
leads logically to a consideration 
of the methods of manufacture by 
which current resin types are 
produced. 


Manufacture 


The most important of the 
present-day ion exchange resins 
are made by copolymerizing 
styrene with a_ cross-linking 
agent such as_ divinylbenzene 
(DVB) and subsequently react- 
ing this skeleton with agents that 
will introduce the desired func- 
tional groups, or by copolymeriz- 
ing compounds already containing 
functional groups with cross-link- 
ing agents. Examples of the first 
procedure are sulfonation of the 
styrene DVB skeleton to yield 
cation exchangers or chloro- 
methylation followed by amina- 
tion to yield anion exchangers. 
Examples of the second procedure 


are copolymerization of metha- 
crylic acid with DVB or of maleic 
anhydride and styrene with DVB 
to yield weak acid cation ex- 
changers. 

There are still on the market 
today some very important ion 
exchange resins which are based 
on phenol-formaldehyde, amino- 
benzene-formaldehyde, or nitro- 
gen heterocycle-formaldehyde 
condensates. 

In all cases, control of the de- 
gree of porosity is possible. With 
the vinyl polymers, this is accom- 
plished by regulating the amount 
of cross-linking agent; with the 
condensates, by the amount of 
formaldehyde used, or inert ex- 
tenders can be added to both. 

Still another important con- 
sideration with ion exchange res- 
ins is particle size and size dis- 
tribution since these affect the 
rate of exchange and the hy- 
draulic properties of the system. 
The vinyl copolymers are ad- 
vantageously prepared by suspen- 
sion polymerization which permits 
control of particle size. The con- 
densation products are usually 
prepared in bulk and_subse- 
quently ground and sieved to the 
desired sizes. 


Equipment and operation 


By far the most general use of 
ion exchange resins is in column 
operation. That is to say, the 
resins are employed as fixed beds 
in suitable containers and are 


After passing through ion 
exchange resins, mineral- 
free faucet water can be 
safely used in steam iron 





contacted by the solution that is 
to be treated as it flows through 
the bed. 

After the resin has adsorbed 
all of the ions that it is capable 
of adsorbing under the conditions 
employed, it is regenerated by 
passing through the bed a more 
concentrated solution of a reagent 
that will return it to its original 
ionic form. Ion exchange proc- 
esses are carried out on a labora- 
tory scale in pipets, burets, or 
small-diameter columns, and on 
an industrial scale in tanks which 
are of sufficient size to hold sev- 
eral hundred cubic feet of ion ex- 
change resin. Two other types of 
special operation are used. 

A continuous ion exchange 
process is possible using moving 
beds of resin which are trans- 
ferred by means of eductors from 
the exhausting chamber, and re- 
cycled, but this is a complex and 
expensive operation. 

The other kind of operation is 
batchwise. In certain ore-treating 
baskets of large- 
particle-size resin are dipped into 
slurries (or pulps) of the finely 
divided ore suspended in a leach- 
ing solution until the resin is 
saturated with the desired ion. 
The baskets are then removed 
and regenerated in another batch- 
wise step. This batch-type opera- 
tion is generally referred to as 
the resin-in-pulp process. 


processes, 


Applications 

The largest amounts of ion ex- 
change resins are currently being 
used in water conditioning. 


There are two important proc- 
esses in this field: 
i.e., the exchange of sodium for 
calcium and 


1) softening, 


magnesium ions 
using cation exchangers; and 
2) de-ionization, i.e., the removal 
of all ions using both cation and 
anion exchangers, either succes- 
sively in two separate beds or 
simultaneously in a Monobed 
(mixed bed). Strong base resins 
in the hydroxide form will re- 
silica, and highly 
porous strong base resins will re- 
move organic matter, so _ that 
water of extremely high purity 
can be produced by means of 
these exchangers. 

Other applications in the fields 
of waste treatment, metal re- 
covery, food processing, analysis, 


move even 
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industrial processes, catalysis, and 
so on, have been described in 
reference works and reviews. 


Uranium recovery 


Ion exchange resins are also 
indispensable in the recovery of 
uranium from ores in which it 
occurs in very low concentrations. 
These ores are leached with sul- 
furic acid or sodium carbonate 
solutions to produce a very dilute 
solution of complexed uranium 
anions which can be separated by 
conventional methods only with 
great difficulty. However, ad- 
sorption of the anion complex, 
such as UO.(SO,).,* or UO, 
(CO.).* on strongly basic anion 
exchangers in the sulfate form 
and subsequent elution with 
nitrate or chloride solutions re- 
sults in 50- to 100-fold concentra- 
tion of the uranium originally 
present in the leach liquor. Pre- 
cipitation processes can now be 
used to recover the uranium from 
the concentrated solution. 


Sugar refining 


Rising standards of quality in 
crystalline and liquid sugars in 
this country have given impetus 
to the interest in ion exchange 
resins for the refining of sugar. 
Because of their ability to re- 
move both ash and color bodies 
from sugar syrups, ion exchange 
resins can improve in striking 
fashion the final quality of liquid 
or crystalline sugars. 

Raw cane sugar is generally put 
through the following refining 
steps: a water wash to remove 
molasses clinging to the crystals; 
solution in water followed by 
treatment with lime and phos- 
phoric acid; filtration and passage 
through bone char and ‘or vegeta- 
ble carbon. Several batches of 
white crystalline sugar can then 
be obtained from the syrup be- 
fore the mother liquor must be 
returned to the refining cycle. 
The use of a highly porous 
strong base anion exchanger in 
the chloride form following a 
vegetable-carbon treatment re- 
moves additional color and sul- 
fate ions, making it possible to 
obtain one or two extra crystalli- 
zations of white sugar. A smaller- 
than-normal quantity of vegeta- 
ble carbon may be used and more 
expensive bone char completely 


eliminated. The resin is regen- 
erated, for the most part, simply 
with salt, although occasional 
treatments with sodium hypo- 
chlorite to remove adsorbed color 
bodies are also employed. The 
extra “strikes” of crystalline 
sugar thus obtained and the sav- 
ings in initial cost of bone char 
and rejuvenation steps required 
when the bone char is exhausted 
are very important to the sugar 
refiner. 

In the production of liquid 
sugars, there is, of course, no 
crystallization step and it is 
necessary to use a mixed cation 
and anion exchange resin bed to 
de-ionize as well as to decolorize 
the syrup. The resins to be used 
in the de-ionization of the syrup 
depend on the type of syrup de- 
sired, whether sucrose or invert. 
If the latter is desired, a strongly 
acidic cation exchange resin in 
the hydrogen form together with 
a porous strongly basic anion ex- 
changer is used in the mixed bed. 
If inversion is to be avoided, as 
in the case of production of 
sucrose syrup, a weakly acidic 
cation exchange resin is used in- 
stead of the strongly acidic resin. 

Exchange resins are also used 
to refine dextrose and beet sugar. 


Pharmaceutical 

Powdered ion exchange resins 
are used in therapeutic oral and 
topical drug preparations. Weakly 
basic anion resins are available 
in the form of tablets, powders, 
or suspensions for use in ulcer 
therapy and as antacids. A weakly 
acidic carboxylic cation resin 
gained widespread importance as 
an effective means of controlling 
cardiac edema through sodium 
reduction. More 
tained release oral compounds, 
employing various ion exchange 
resins as carriers for such drugs 
as p-aminosalicylic acid, am- 
phetamine, etc., have been intro- 
duced. In many instances, the use 
of exchange resins as carriers 
provides a means of lowering the 
threshold of irritation of certain 
drugs which produce undesirable 
side reactions when administered 
in their free form. 

A micropowdered exchange 
resin or combination of resins 
can be used in skin creams, 
lotions, and powders as a means 


recently, sus- 
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of maintaining the natural acid 
mantle factor of the human skin 
and normal skin health. The 
strong absorption affinity of ex- 
change resins for low-molecular- 
weight fatty acids and protein 
degradation products has stimu- 
lated interest in the development 
of antiperspirant-deodorant prep- 
arations employing small con- 
centrations of exchange resins. 
Clinical evidence indicates ad- 
vantages in lack of irritation as 
well as longer protection. 


New applications 


New and _ interesting water 
conditioning techniques are de- 
veloping through the use of ion 
exchange resins in nuclear re- 
actors. The necessity for recircu- 
lation of cooling water causes the 
radiation level and concentrations 
of corrosive anions and deposit 
forming cations to _ increase 
steadily unless a means is pro- 
vided for removing the trouble- 
some materials. Ion exchange 
resins are ideally suited for this 
purpose; but because the resins 
should themselves contribute no 
substances which would concen- 
trate in the recycled water, special 
high purity resins have been 
specified for reactor use (Amber- 
lite Nuclear Grade). The ionic 
material removed by the ion ex- 
change resins are mostly products 
of corrosion; however, by using 
certain ionic forms of the resins, 
the pH of the coolant water can 
be controlled at a level where 
corrosion rates are at a minimum. 
Thus, these resins not only re- 
move the troublesome material 
resulting from corrosion, but they 
also aid in reducing the rate at 
which it is introduced into the 
water. 

Acidity reduction and stabiliza- 
tion of wines by columnar ion ex- 
change processes is now per- 
mitted in the United States upon 
application to the Alcohol & 
Tobacco Tax Div. of the U. S. 
Treasury Department. The use of 
a weak base anion exchange resin 
for acid reduction is a substitute 
for carbonate addition, and the 
use of a cation exchange resin for 
KH tartrate reduction eliminates 
the need for the time-consuming 
chillproofing step. 

Continuous ion exchange has 
reached a 


commercial _ scale 
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Strong acid cation exchanger 





Neutralization 
Cation exchange 


2 RSO;Na + Cat*+ + 2 Cl 


Neutral salt splitting 


Weak acid cation exchanger 





Neutralization 


Cation exchange 


Neutral salt splitting 


Strong base anion exchanger 





Neutralization 


Anion exchange 


Neutral salt splitting 


Weak base anion exchangers 





Neutralization 


Anion exchange 
2RN*H;Cl-— + 2 Na* + SO, 


Neutral salt splitting 
RN‘*H;OH-— + Na* + Ci 





RSO;H+Na*+OH——RSO;Na+H:0 
+(RSO;).Ca + 2 Na*+ + 2 Cl 


RSO;H + Na* + Cl-+RSO;Na + H* + Cl- 


RCOOH + Na* + OH-*>RCOONa + H.O 
2 RCOONa + Ca** + 2 Cl-+(RCOO).Ca + 2 Nat + 2 Cl- 


RCOOH + Na* + Cl——Virtually no reaction. 


RN* (CH;);OH- + H* + Cl-—,RN* (CH;);Cl- + H.O 
RN* (CH;);Cl— + 2Na* + SO,=s5[RN* (CH;);].SO,- 
RN* (CH;),;OH- + Na* + Cl-<RN* (CH;;);Cl 
RN*H;OH- + H* + Cl-+>RN‘*H;Cl- + H:O 
= >(RN*H;).SO, 


~Virtually no reaction. 


+2Na* + 2Cl- 


+ Na* + OH 


+2Na*+2Cl 








Fig. 1: Schematic equations of some important ion exchange resin reactions 


through the introduction of liquid 
ion exchangers. The anion ex- 
changer, a high-molecular-weight 
amine, or the cation exchanger, 


a high-molecular-weight phos- 
phoric acid ester, is diluted with 
a water-insoluble solvent. The 
organic phase and the aqueous 
phase are then contacted in con- 
ventional liquid extraction equip- 
ment, and anions or cations are 
transferred to the organic phase 
by an ion exchange process. De- 
velopment of continuous ion ex- 
change resin systems is progress- 
ing. 

Chromatographic ion exchange 
separations have from 
laboratory-scale to commercial- 
size installations. The separation 
of similar compounds by chemi- 
cal means has always been tedi- 
ous; but through laboratory 
studies with ion exchange resins, 
these separations appeared more 
practical. The availability of com- 
mercial quantities of products 


moved 


such as arginine, lysine, and rare 
earth elements at lower costs and 
almost 100% purity is representa- 
tive of the successful scale-up to 
large-size ion exchange equip- 
ment. 
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RECENT DEVELOPMENTS | 








A paint system (Mobay Chemical Co.) for concrete floors, walls, 
and structural surfaces is based on urethane (Mondur Multron) 
made with moderately-branched polyester resins reacted with a 
polyisocyanate. The urethane coating is superior to conventional 
proprietary systems in hardness, abrasion and chemical resist- 
ance, and appearance. 


New diisocyanates (Nacconate, National Aniline Div., Allied 
Chemical Corp.) are used in solid and cellular urethanes 
for potting and encapsulation of electrical and electronic assem- 
blies. Solid urethane potting compounds are characterized by 
high dielectric strength, low dielectric constant, and low moisture 
absorption. The resins can be used in environments involving 
exposure to strong acids, alkalies, oils and gasoline, and aliphatic 
solvents. They possess a low power factor and can withstand 
heavy shock at low temperatures. Cellular urethane potting com- 
pounds are lightweight and require only short cure time. 


A new isocyanate liquid polymer. (Solithane 113, Thiokol Chem- 
ical Corp.) may be cured to produce solid urethane materials for 
many applications. The physical properties vary, depending upon 
the curing system used. It may be cast into molds of complex 
shapes for many applications, such as electrical potting or en- 
capsulation, and plastics tooling, or may be used in adhesive for- 
mulations. Coatings formulated with this resin have excellent 
impact and abrasion resistance, flexibility, toughness, gloss, and 
clarity, coupled with chemical and solvent resistance, and inter- 
esting electrical properties. 





D uring the past few years, the 
reaction products of polyfunc- 
tional isocyanates with materials 
containing two or more active hy- 
drogens (such as polyols) have 
achieved a position of consider- 
able prominence in American in- 
dustry, largely in the field of cel- 
lular plastics. These reaction 
products are called urethane 
foams. Urethane protective coat- 
ings, adhesives, elastomers, and 
potting compounds, all of which 
are developed from the same 
parent materials, have also gained 
recognition in their respective 
fields. 

* Research and Development Dept., National 
pane Div., Allied Chemical Corp., Buffalo 


Recent Developments and References were 
prepared by the editors 


124 


The diisocyanate of greatest 
commercial importance today is 
TDI (tolylene diisocyanate) 
which consists of two isomers 
(see Formula 1, below). The mix- 


CH CH; 


80°, 20‘; 


ture most commonly used con- 
tains 80% of the 2,4 isomer, and 
20% of the 2,6 isomer. This is the 
preferred composition because it 
is the product resulting from di- 
nitration of toluene, reduction, 
and phosgenation. The 65:35 iso- 


meric mixture, as well as the 2.4 
tolylene diisocyanate, is also 
manufactured, but in making 
these, isomer separations and by- 
product utilization problems are 
encountered. 


Chemistry 

Diisocyanates react with hy- 
droxyl-containing compounds to 
form polyurethanes. This is the 
most important reaction involving 
this group of compounds. Glycols, 
polyols, hydroxyl-rich polyesters, 
and various polyethers are used 
to produce these polymers now 
commonly called “urethanes.” 

Among the first materials in- 
vestigated for urethane produc- 
tion were a number of polyesters, 
such as those obtained by reacting 
adipic acid with diethylene glycol 
or trimethanol propane. Depend- 
ing on the type and extent of 
cross-linking, which is a function 
of the nature and amounts of the 
materials reacted, either rigid or 
resilient solid plastics can be 
formed. 

Diisocyanates take part in an- 
other reaction which is of impor- 
tance in the current usage of 
these materials. This is the re- 
action with water to form carbon 
dioxide and urea derivatives. If 
water is present during polymer- 
ization to cause the evolution of 
carbon dioxide gas, a rigid or 
flexible foam will result. This re- 
action is important and must be 
taken into consideration in all iso- 
cyanate work, either to avoid gas 
bubbles in solid polymers or to 
produce gas for foaming cellular 
polymers. Only a very small 
amount of water is necessary ad- 
versely to affect the shelf life of 
isocyanate compositions. The urea 
linkages serve another valuable 
function since free diisocyanate 
groups react with them to provide 
additional cross-linking of the 
polymer. 


Flexible foams 


Significant changes have oc- 
curred during the past year in 
the urethane foam field. Consid- 
erable progress has been made 
toward the goals of lower cost and 
more reproducible end products 
of better quality. Perhaps one of 
the most important advances has 
been the introduction of poly- 
ether-based urethane foams. With 
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the introduction of this new 
backbone polymer based on poly- 
ether glycols, in which the ether 
linkage replaced the ester linkage 
of the polyester system, foams 
have been produced which have 
several distinct advantages over 
the polyester-based urethane 
foams. Among these are better 
low-temperature flexibility and 
improved hydrolytic stability. In 
addition, polyester-based ure- 
thane foams possess a distinct 
“plateau,” where no additional 
resistance is encountered with an 
increase in load. Having been ac- 
customed to the feel of a foam 
rubber seat, some believe that 
this seeming lack of support may 
be objectionable. Polyether foams 
have eliminated this “plateau” 
effect to some extent in that they 
possess compression - deflection 
curves more nearly like those of 
latex foam. Because of their re- 
silience characteristics, polyether 
foams promise to compete with 
and replace foam rubber in fur- 
niture, automotive, and bedding 
applications. 

As a result of the wide choice 
of glycol ethers as starting mate- 
rials, several different types of 
polyether urethane foams have 
emerged since work was first 
started on this development. 

One cannot overlook some of 
the advantages of polyester foams. 
For the most part they have 
higher tensile strengths than 
polyether foams and at the 
present state of the art are easier 
to manufacture. When the poly- 
ethers are used, it is necessary to 
employ the prepolymer technique. 
The one-shot method which is 
used with the polyester types is 
not adaptable, because the reac- 
tion rate between the low-cost 
polyether glycols and isocyanates 
is usually slower. Therefore, a 
prepolymer is made first by re- 
acting the polymeric glycol with 
an isocyanate. This prepolymer is 
then mixed with the activator 
mixture at the foaming machine. 
This represents an extra step in 
processing with more difficult 
storing problems. 

Another recent development 
has been the use of dimer acids 
in polyesters. Dimer acids are 
produced when two molecules of 
linoleic acid are combined, in the 
presence of alkali, to form dibasic 
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acids containing some tribasic 
acids. Flexible foams based on the 
dimer acids are highly resistant to 
hydrolytic agents. Furthermore, 
the foams exhibit higher resili- 
ency. 

With commercial production, 
improvements, and _ satisfactory 
performances of urethane foams 
for cushioning, impact absorption, 
and many other industrial uses, 
manufacturers are rapidly gain- 
ing confidence in urethane foams 
as a standard engineering mate- 
rial. The largest market for flexi- 
ble urethane foams appears to be 
in the cushioning field. 

Since urethane foams exhibit 
excellent physical properties 
along with resistance to solvents 
and detergents, they have found 
manifold uses in the household. 
A particularly bright spot in flex- 
ible foam applications is inter- 
lining. Another item for which 
increased production can be an- 
ticipated is rug underlays. 

Many other novelty uses for 
foams have been found and the 
fact that they are available in 
various colors is important. 


Rigid foams 


The building, transportation, 
marine, and many similar indus- 
tries, which require materials 
possessing good structural 
strength, outstanding electrical 
and thermal insulating properties, 
lightness of weight, and ease of 
production, are finding rigid ure- 
thane foams of particular interest. 
Rigid foams can be prepared with 
densities below 2 lb./cu. ft., and 
up to 60 lb./cu. ft., and are pre- 
dominantly clesed-cell. 

Most often the urethane is 
foamed-in-place, using a two- 
component system. For example, 
wall panels are made by pour- 
ing the foaming mixture into a 
plywood shell held in a horizontal 
position in the jig. The cover is 
put in place; the jig is closed, 
locked shut, and the panel held 
under pressure for about 20 min- 
utes. The panel can then be han- 
dled; however, a few days should 
elapse before the panel is sub- 
jected to service conditions. 

Similar structural members 
can be made using other shell ma- 
terials. Polyester-fibrous glass 
laminates and aluminum are par- 
ticularly useful. The foam has 


excellent adhesion to most mate- 
rials used for this purpose. 

Rigid urethane foams can also 
be sprayed on vertical and over- 
head surfaces. This requires spe- 
cial equipment and _ techniques 
which have recently reached an 
advanced stage of development 
and which are now becoming 
available for widespread usage. 
Compared with pouring into a 
mold, however, spraying the cata- 
lyzed polymer is not a simple 
task. The polymer must be a type 
which foams and sets fast enough 
to get the desired thickness with- 
out sag or fall-away from vertical 
or overhead surfaces. Yet if the 
reaction is too fast, gelling and 
clogging inside the spray gun may 
take place. 

The foam can be applied in 
varying thicknesses and in a 
range of densities. The thermal 
conductivity ranges from 0.20 to 
0.26 B.t.u./(hr.) (sq. ft.) (°F.) /in., 
and the maximum service tem- 
perature suggested for continuous 
use is about 250° F. 

Rigid foams have been used ex- 
tensively in the aircraft industry 
for filling cavities in wing tabs, 
radomes, rudders, etc. Other uses 
of importance include construc- 
tion of nonsinkable boats and 
pontoons. Applications in the field 
of insulation for houses and re- 
frigerators are presently being 
explored. 


Coatings 


Isocyanate-based coatings 
which offer excellent adhesion, 
toughness, and excellent resis- 
tance to chemicals, abrasion, and 
impact have offered a new ap- 
proach to surface protection. 

One of the most talked-about 
isocyanate coatings is made by 
the use of trifunctional isocya- 
nates in combination with special 
polyesters containing free hy- 
droxyl groups. The trifunctional 
isocyanates are the reaction prod- 
uct of various triols, such as 
hexanetriol, with three mols of 
diisocyanate. The polyesters are 
prepared by the reaction of vari- 
ous polyols, such as ethylene gly- 
col and hexanetriol, with such 
dibasic acids as adipic and 
phthalic. Because isocyanate and 
hydroxyl groups react on contact, 
they are kept apart until the 
coating composition is to be ap- 
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plied. If pigments are to be used, 
they are milled into the polyester. 

The need for a two-component 
coating system can be eliminated 
by using blocked isocyanates. 
These are systems in which the 
activity of the isocyanate is 
blocked until it is desired to have 
the coating cure or set. The 
principle involves the reaction of 
the isocyanate group with agents 
that form complexes which are 
stable at room temperature but 
which decompose at _ elevated 
temperatures to liberate the iso- 
cyanate group. A typical blocking 
agent is phenol. 

Coatings of this type require 
baking. One of these blocked 
compositions is becoming of con- 
siderable industrial importance in 
this country as a wire enamel. 
Isocyanate-based wire coatings 
are unique in that the coated wire 
can be dip-soldered without prior 
stripping of the coating or clean- 
ing of the wire, resulting in lower 
labor costs in the manufacture of 
radio, television, and other elec- 
trical and electronic equipment. 
Of larger importance are the 
newly developed heat-resistant 
wire enamels now emerging from 
many research laboratories. 

Other promising coatings utilize 
diisocyanates and castor oil. Those 
that have generated most interest 
are the reaction product of a 
tolylene diisocyanate 80/20 (TDI) 
isomeric mixture with castor oil, 
or diphenylmethane 4,4’-diisocya- 
nate (MDI) with castor oil. The 
ratio of 3 mols of diisocyanate to 
1 mol of castor oil produces the 
hardest coatings. Recent studies 
have indicated that excellent 
coatings can be produced by using 
castor oil-polyol reaction prod- 
ucts. 

An MDI-castor oil coating has 
been used in a variety of applica- 
tions throughout chemical plant 
areas to solve many maintenance 
problems. For example, urethane 
coatings have proven their worth 
in the surface protection of wood 
filter presses. This type of coating 
on the press has withstood both 
cold concentrated sulfuric acid 
slurries and hot dilute sodium 
hydroxide solutions. It has also 
more than tripled the life of poly- 
ester dryer pans in the chemical 
industry. 


Urethane oils, chemically simi- 
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lar to alkyds but substantially 
better in properties, have also 
recently found a place in the 
market. 


Elastomers 


One of the most promising ap- 
plications of urethanes is in the 
field of solid elastomers. To date, 
the largest application of urethane 
elastomers is in “hard” industrial 
tires, such as those found on fork 
lift trucks, dollies, and material- 
handling equipment. In addition 
to tires, urethane elastomers are 
being used for bushings, O-rings, 
gaskets, and other sealing devices. 
Their principal advantage is su- 
perior abrasion resistance coupled 
with hardness, a wide range of 
flexibility and elasticity, solvent 
resistance, and excellent rcsist- 
ance to oxygen aging. Urethane 
elastomers also have certain limi- 
tations. For example, they exhibit 
poor resistance to high tempera- 
tures, hot water, steam, and other 
hydrolytic agents. 

Current work in progress on 
elastomers is being directed to- 
ward a castable elastomer which 
has low-temperature properties 
equivalent to or better than butyl 
rubber. 

Diphenylmethane and _ tolylene 
diisocyanates have been found 
suitable for the preparation of 
urethane elastomers. These have 
successfully been used in connec- 
tion with a wide range of ethyl- 
ene glycol, propylene glycol, 
and butylene glycol homo- and 
copolymers. A variety of cross- 
linking agents, such as hexane- 
triol, triethanolamine, dichlor- 


benzidine base, and other poly- 
functional materials have 
used in association with these 
diisocyanates. 


been 


Adhesives 


Adhesives based upon diiso- 
cyanates are, at the present time, 
finding use in certain specialty 
applications. They have, however, 
been quite extensively used in 
formulating adhesives for the 
rubber industry. 

A urethane’ adhesive’ can 
be prepared by reacting 1 mol 
of castor oil with 3 mols of 
diphenylmethane - 4,4’ - diisocya- 
nate (MDI). This MDI-castor oil 
adduct makes an excellent ad- 
hesive for substrates of many 


kinds. It is being investigated for 
bonding new concrete to existing 
concrete surfaces. 

Unusually strong bonds also 
may be obtained on wood, vinyl 
sheeting, glass, leather, and ce- 
ramics. The bonding may be done 
at room temperature and with 
contact pressure. Bond strengths 
in excess of 2000 p.s.i. have been 
obtained for aluminum bonded to 
itself. The bonds have excellent 
resistance to flexing and impact, 
and are not affected by oils and 
most solvents. 
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Natural Resins 


, «i natural resins constitute a 
continuous series of solid, non- 
toxic, film-forming gums varying 
over a broad range of solubilities 
and hardness. Named for their 
source of origin, in most cases, 
they are classified into four major 
groups, as follows: 1) Damars; 
2) East Indias: batu, black, pale; 
3) Copals: manila, pontianak, 
kauri, congo; and 4) Miscellane- 
ous: accroides, elemi, 
sandarac. 

Almost all of the natural resins 
are simply cold-cut in solvents 
where they are generally com- 
patible with substances soluble 
in the same materials. Many of 
the resins are oil-soluble in their 
raw state, while others (congo, 
black and pale East Indias, kauri) 
are prerun at high heats. A range 
of grades is available in all of the 
varieties. 

Damars are 


mastic, 


versatile resins, 
having adhesion, depth of gloss, 
color, gloss retention, miscibility, 
and resistance to scuffing, greases, 
and cold checking. “Dewaxed” 
Damar is a lacquer resin. 

East Indias are related to the 
Damars. Batu is a high-melting- 
point resin with greater viscosity, 
water resistance, and weather re- 
sistance. It has fast solvent re- 
lease, and compatibility with 
stearic acid and a wide range of 
oils, waxes, resins, asphalts, 
pitches, chlorinated rubber, and 
cellulose derivatives. Uses in- 
clude varnishes, inks, adhesives, 
and composition products. Black 
East India makes an opaque var- 
nish that dries to a light color. It 
provides tough varnishes for 
metals and wood with water re- 
sistance, adhesion, and flexibility. 
Pale East India yields greater 
control of sheen. Its resistance to 
temperature changes and water 
makes it useful in special-purpose 
varnishes. 

Copals: Manilas are broadly 
used in alcohol solutions for var- 
nishes, printing inks, adhesives, 
liquid waxes, compositions, and 
specialty products; gloss, color 
retention, and flexibility give it 
broad usage. Pontianak is simi- 
lar to the manilas but of higher 


NATURAL RESINS 


melting point. Kauri has long 
been used as a basic varnish 
resin. Certain grades are alcohol- 
soluble. This is a fossil resin. 
Congo is insoluble in its original 
state. Processed, it can be adapted 
to broad uses in varnish coatings 
in which toughness, flexibility, 
adhesion, color, and gloss reten- 
tion are desired. Metal coatings, 
floor varnishes, enamels, wrinkle 
finishes, and furniture varnishes 
are some of its outlets. 

Accroides (red, yacca) is a spe- 
cialty resin with thermosetting 
qualities. Its red color is in- 
separable. Elemi is a plasticizing 
resin used in varnishes, lacquers, 
caulking compounds, and spe- 
cialty coatings. Mastic and san- 
darac are specialty resins used in 
artistic fields. 

Amber: This yellowish, trans- 
parent-to-translucent fossil resin 
is derived from an extinct conifer. 
It takes a polish well and is the 
hardest known natural resin. 
However, it is brittle and breaks 
with a conchordal fracture. 

Shellac: This natura! resin is 
produced by tree lice (Taccardia 
lacca) found in Asia. Shellac ex- 
hibits characteristics of both 
thermoplastic and thermosetting 
types of binders, retaining its 
thermoplasticity for a long period 
when heated. Heat-curing in- 
creases the mechanical and elec- 
trical strength of the material. 

Rosin: This product of pine 
tree exudations consists largely 
of abietic acid, together with other 
complex terpenic acids and esters. 
It has not been used extensively 
in molding compositions because 
of its low softening point and 
brittleness. 

Vinsol is another product of 
the steam distillation process by 
which naval stores are extracted 
from the wood of the long-leaf 
Southern pine. It is an _ ideal 
modifier for most natural and 
synthetic resins. High-melting 
materials or thermosetting con- 
densates are produced by reacting 
the resin with aldehydes. It is 
soluble in alcohols, esters, cyclic 
hydrocarbons, and_ chlorinated 
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solvents, possesses high dielec- 
tric strength, a low power factor 
even at high temperatures, and 
has the ability to withstand high- 
voltage electrical impulses. 

Asphalts: These are naturally- 
occurring hydrocarbon complexes, 
termed bitumens, which are in- 
soluble in water, but soluble in 
carbon disulfide and benzene. The 
amorphous brownish-to-black 
mixtures range from mobile fluids 
to hard, friable solids. Asphalts 
can also be processed to yield 
products with a wide range of 
physical properties such as good 
dielectric properties and resist- 
ance to moisture, acid, alkali, and 
most chemicals. 

Cashew resins: The cashew 
nut is obtained mainly from In- 
dia. The heat-reactive-type resins 
formed by condensation of the 
cashew phenols with aldehydes 
are available in the form of 
mobile liquids, viscous liquids, 
powdered fusible solids, granular 
infusible solids, and rubbery in- 
fusible solids. Typical applications 
for these cashew nutshell liquid 
resins are adhesives, phenolic 
resin plasticizers, potting com- 
pounds, protective coatings, rub- 
ber compounding, and synthetic 
drying oils of an extreme degree 
of alkali resistance; they also find 
use in automotive and other brake 
linings. 
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= are polymeric resins, 


formed by the condensation of 
organic acids with di- 
into linear chains con- 
taining amide groups. They were 
developed in the classic re- 
searches of W. H. Carothers and 
introduced on the market in 1938 
in the form of bristles and hosiery 
fibers. The inherent properties of 
the materials, however, such as 


dibasic 
amines 


strength, toughness, ability to 
withstand high temperatures, 
abrasion resistance, and good 
chemical resistance, made it 


quickly apparent that a potential 
existed as an industrial molding 
powder. Consumption of nylon 
powders for this purpose has in- 
creased considerably 
past few years. 

Table I, p. 131, lists the various 
types of present-day commercial 
nylons, showing the chemical raw 
materials used to make them and 
the properties that are imparted 


over the 
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Applications taking advan- 
tage of moldability of cap- 
rolactam nylon run _ the 
gamut from large helmets 
and buckets to small gears. 
(Photo, Spencer Chemical) 





Nylons (Polyamides) 


by them to the different nylons 
listed. 

Within the wide range of nylons 
available, the three most im- 
portant types of nylon are nylon 
6/6, nylon 6, and nylon 6/10. 
Nylon 6/6 (so-called because 
both the acid and amine used in 
making it contain 6 carbon atoms) 
is the most common and oldest 
type of nylon. Nylon 6, a newer 
material, is a polymer made by 
opening the ring of caprolactam. 
a 6-carbon condensed amide, and 
reportedly has a higher impact 
strength, will fill the mold easier, 
and is more flexible than nylon 
6/6. Nylon 6/6, however, is stiffer. 
has greater abrasion and heat re- 
sistance, less creep, and shorter 
molding cycles. 

In the manufacture of the third 
major type of nylon, 6/10, sebacic 
acid is substituted for the adipic 
acid component to yield a softer, 
more resilient polymer with lower 
water absorption and better wet 
stiffness. 

Over-all, however, the common 
6/6 and 6 nylons have fitted into 
their important and rapidly grow- 
ing uses because of a unique com- 
bination of desirable properties. 
They are stiff, strong, tough, light. 
abrasion-resistant, and self-extin- 


guishing, have a low coefficient of 


friction, and are chemically and 
thermally resistant. Such proper- 
ties, plus their ability to be ac- 
curately molded into intricate 
shapes, have fitted them for me- 
chanical and other critical appli- 
cations where they either replace 
less satisfactory or more expen- 
sive metal parts, or do jobs pre- 
viously not possible. While wear 
properties are improved by lubri- 
cation, nylon moldings give ex- 
cellent service with no lubrication 
under many service conditions 
and will frequently outwear cor- 
responding metal parts. Nylon’s 
chemical resistance is particularly 
valuable where electrolytic action 
corrodes metal parts, particularly 
where a bimetallic junction is in- 
volved. Various marine and oil- 
field uses capitalize on this prop- 
erty. 


Research work has also been 
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New extrusion grade nylon 
is proving adaptable to the 
blow molding of attractive, 
functional aerosol bottles. 
(Photo, Du Pont) 














going forward on various types of 
reinforced nylon molding com- 
pounds. One manufacturer claims 
to have developed a glass fiber- 
filled nylon with tensile strengths 
much greater than nylon in its 
virgin state. Another manufac- 
turer reports on a molybdenum 
disulfide-filled nylon which offers 
high wear resistance, low dry- 
running friction, and excellent 
dimensional stability. 












Processing nylon 





Injection molding and extrusion 
are the usual methods of process- 
ing nylon; application from solu- 
tion, compression molding, sinter- 
ing, and other techniques are used 
for special purposes. 

The common nylon 6/6 and 6 
compounds can all be handled in 
conventional machines with little 
modification in equipment or pro- 
cedures. When injection molding 
nylon 6/6, those differences that 
do exist can be attributed largely 
to the material’s sharp melting 
point and low melt viscosity. This 
makes it necessary to fill molds 
as quickly as possible and the use 
of a booster is usually recom- 
mended. Nylon 6/6 also tends to 
freeze rapidly, contributing to 
rapid cycle and minimizing flash 
problems. 

According to manufacturers of 
nylon 6, the material has a higher 
melt viscosity and a wider molten 
range than 6/6 nylon,’ making 
it possible to mold parts hav- 



























1 The extrusion-grade nylon 6/6s, however, are 
ivailable with much higher melt viscosities than 
are available with the molding-grade nylon 6/6. 
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cross-sections. Since the mate- 


rial does not solidify as quickly 
as other nylons, the sink marks 
and internal voids and cavities 
that might appear in heavier or 
thicker pieces are avoided. Manu- 
facturers also claim that nylon 6 
has a wider temperature working 
range (loosely defined as the 
temperature between which a 
resin becomes fluid and the tem- 
perature at which the resin 
undergoes temperature degrada- 
tion) and that crystallinity which 
determines the degree of trans- 
parency or opacity can be more 
closely controlled. 

In extrusion-grade materials, 
both nylon 6/6 (e.g., Zytel 42*) 
and nylon 6 are available with 
higher melt viscosities than were 
heretofore possible—and conse- 
quently extruded nylon profiles, 
tubing, pipe, film, and sheeting 
have started to find important 
new markets. Considerable activ- 
ity has been noted in developing 
the use of nylon pipe in applica- 
tions where the superior chemi- 
cal resistance and heat resistance 
of the nylons is indicated. Ex- 
truded tubing has also made a 
place for itself in applications 
where resistance to pressure and 
vibration, combined with oil re- 
sistance, are important. Extruded 
film and sheet is at present in 
the development stage but should 
be made available shortly. 

Nylon, in stock shapes and sizes, 
can also easily be machined. This 
type of fabrication is especially 
recommended for symmetrical 
components with multiple under- 
cuts, internal threads, and longer 
inside diameters. The break-even 
point between molding or ma- 
chining nylon parts is generally 
higher for smaller parts. For ex- 
ample, results on a part with a 
volume of 0.7 cu. in. indicate it 
would be more economical to 
mold than screw machine in 
quantities of 2000 and up, while 
a part 0.1 cu. in. did not become 
more economical to mold until 
quantities of 40,000 were reached. 


Drying 


A major problem when han- 
dling nylons, particularly 6/6 and 
6, is the fact that the materials 


* Trademark of E. I. du Pont de Nemours & 
‘ nm 


NYLONS (POLYAMIDES) 











A combination of nylon plus iron has been developed by a De- 
troit scientist (Dr. Michael W. Freeman). A bearing of iron and 
nylon, produced by injection molding, withstood pressures in 
excess of those imposed on standard bushings. 


A new nylon resin (Zytel 37X, Du Pont), designed primarily as 
a wire jacketing material, combines mechanical toughness with 
outstanding resistance to heat and weathering. Use is foreseen 
in power and communication cables, wire rope, sérvice drop 
wire, and tree wire. As a molding material, it is suggested for 
automotive and electrical components, marine hardware, and 
sporting goods. 


A new nylon (National Nylon Grade 31, National Vulcanized 
Fibre Co.) with superior electric properties and low water ab- 
sorption is available in extruded rods and fabricated parts. Ap- 
plications for this nylon include cams, gears, bushings, nuts, and 
washers on instruments, radios, television, and other electrical 
equipment. 


Precision injection molded nylon clamps (Holub Industries, 
Inc., molded from Du Pont nylon FM-10001) are available in six 
new sizes with inside diameters of 0.562, 0.625, 0.687, 0.750, 0.875, 
and 1 inch. They have a temperature range from —60 to 250° F. 
and will not support combustion. The clamps are strong and 
tough and hold their shape even under severe stress. 


A new method of packaging a nylon molding compound 
(Plaskon, Plastics and Coal Chemicals Div., ANied Chemical 
Corp.) keeps it virtually moisture-free, eliminating the in-proc- 
ess drying operation necessary with conventionally packaged 
nylon. A 25-lb. can is filled in an inert atmosphere and then 
hermetically sealed. 


Of several new German nylon types (Farbenfabriken Bayer, 
dist. by Foster Grant Co., Inc.), one is claimed to be crystal clear 
in relatively thick sections. Another has high crystalline char- 
acteristics but can be molded over broad temperature and pres- 
sure ranges. Still a third type has outstanding weather-resist- 
ance characteristics and is suited for wire and cable coatings. 


Base and topcoats (Vacuum Coatings Div., Industrial Solvents 
& Chemicals, Inc.) are available for metalizing molded nylon 
parts. The top coat can be air-dried, has good adhesion, gives a 
mirror-like reflection, and does not embrittle the nylon. 


Pressure-bonding cement (Nylosil 820, Ions Exchange & Chemi- 
cal Corp.) for bonding nylon extrusion and moldings to nylon 
and nylon to metal, requires no priming, welding, or heat-curing. 
Bonds are impermeable to water and hydrocarbons, resist chem- 
icals, and possess good flexibility and high tensile strength. 


Nylon plate (Polypenco, The Polymer Corp. of Pa.), is now 
available in thicknesses of 114 and 1% inches. The new sizes are 
available in nylon 101 and in molybdenum disulphide-filled for- 
mulations. The plate is used for such parts as wear liners or pads, 
stripper knives, or scraper blades, equipment slides, insulator 
panels, etc. Tubular bar for machining into rollers, bearings, 
seals, washers, spacers, valve seats, or gears, is also available. 








Air hose extruded of nylon 
is tough, light, and resists 
oil, kerosene, and gasoline. 
(Photo, Plaskon, Allied 
Chemical) 


are hygroscopic and will eventu- 
ally absorb about 242% moisture 
under average atmospheric condi- 
tions. However, more than about 
0.3% splayed 
moldings of reduced toughness. 
Therefore, every effort should be 
made to protect the molding pow- 
der from atmospheric moisture. If 
excess moisture has been picked 
up, the nylon should be dried 
in a circulating-air oven or a 
vacuum oven before the molding 
operation. It is most important 
that the air taken in by the dryer 
be low in relative humidity. 
Several after-treatments of ny- 
lon moldings are 


moisture causes 


used to ad- 
vantage. To relieve stresses, and 
thereby improve dimensional sta- 
bility and toughness, moldings 
are often annealed at about 350 
F. in an inert medium such as 
$932. Furthermore, 
since 6/6 and 6 nylon, as men- 
tioned above, will absorb about 
212% moisture under normal at- 
mospheric conditions, it is often 
convenient to add about this 
much water by immersing in 
boiling water in order to improve 
the toughness of the molded piece. 


Glyco-wax 


Applications® 


Nylon is more often used be- 
cause of its combination of excel- 
lent properties than for any one 
single characteristic. These vari- 
ous properties have been ex- 
ploited by a constantly expand- 
ing family of applications. The 
6/6 and 6 nylons are particularly 
* This section based on information supplied 


by Polychemicals Dept., E. I. du Pont de 
Nemours & Co., Inc 
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molded mechanical 
parts. For example, nylon gears 
and bushings are being used in 
textile machinery, household ap- 
pliances, calculating equipment, 
automobile speedometers, and 
windshield wipers, and in office 
and builder’s hardware, to men- 
tion only a few. In addition to its 
other properties, nylon’s excel- 
lent abrasion resistance in the 
absence of lubrication is particu- 
larly valuable where frequent 
oiling is either undesirable or in- 
convenient. For example, lubri- 
cation adequate for metal parts is 
often very undesirable in textile 
and food machinery, while in 
household appliances and fishing 
reels, it is apt to be neglected by 
the ultimate user. 


useful in 


Other mechanical parts using 
nylon’s frictional properties in- 
clude elevator gibs and sliding 
parts for storm windows. 

Another of nylon’s properties, 
its impact resistance, is particu- 
larly valuable for automobile and 
refrigerator door-closing mecha- 
nisms, many housings, cams, and 
aerosol bottles. Two recent de- 
velopments are expected to pro- 
mote this latter market even fur- 
ther. One is the availability of 
resins designed for extrusion and 
blow molding and the second is 
the development of spin-sealing 
techniques. This technique makes 
it possible to injection mold a 
bottle in two halves and economi- 
cally join them together by a 
spinning operation. 

The strength and stiffness of 
nylon are required in almost all 
of its uses. Its retention of these 
properties at elevated tempera- 
tures gives it wide acceptance for 
coil forms. These have been pro- 
duced in tremendous quantities— 
offering economies due to mass 
production and injection molding 
techniques and because breakage 
during winding is minimized. In 
mixer valves for automatic wash- 
ing machines, its mechanical prop- 
erties make it the choice of a 
large majority of appliance manu- 
facturers. 

Nylon’s electrical properties are 
adequate for many other electri- 
cal applications where its me- 
chanical properties are of prime 
importance. These include switch 
housings, grommets, cable clamps 
and other fastening devices, in- 


sulated connectors, and numerous 
other molded parts in this cate- 
gory. 

Nylon’s chemical resistance is 
a determining factor in many 
applications. For example, marine 
equipment, aerosol valve parts, 
and moldings exposed to oil well 
brines must resist electrolytic 
corrosion. An outstanding new 
advance is the naval stuffing tube, 
which is not only lighter and less 
expensive to produce than the 
conventional fittings, but also has 
excellent resistance to salt water 
corrosion. 

Where long-term exposure to 
elevated temperatures (250° F.) 
is required, various heat-stabi- 
lized resins are available. Useful 
examples are electronic compo- 
nents and fastening devices for 
the aircraft industry. Other resins 
for special purposes include the 
black weather-resistant nylons. 
These are suggested for use in 
agricultural machinery, sporting 
goods, electrical equipment, and 
for other applications where out- 
door exposure is involved. 

Extrusion applications for ny- 
lon are expected to account for 
an increasing share of the total 
business. Resins of viscosity suit- 
able for molding may be used for 
simple extrusion operations where 
retention of shape is not critical. 


Here the low viscosity of many 
nylons above their melting points 


is not a handicap. However, 
where retention of shape after 
leaving an extruder die is impor- 


Ball-bearing roller skates 
molded of nylon weigh 
1% lb. per pair. (Photo, 
Du Pont) 
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TABLE |: The nylons—raw materials, tradenames, properties 





Common 
designation 


Chemical basis of nylon 


Suppliers and tradenames 








Hexamethylene-diamine- 
adipic acid 


nylon-6/6 





E. I. du Pont de Nemours and Co., 


Inc.—Zytel 42, 101, 103, and 105 


Comments on properties 





Zytel 42 is an extrusion-grade ma- 
terial with higher melt viscosity. 
Zytel 101 is a general-purpose ma- 
terial. Zytel 105 is same with carbon 
black added for weather resistance. 
Zytel 103 is a more heat-resistant 
nylon for molding and extrusion. 





Hexamethylene-diamine- 
sebacic acid 


nylon-6/10 


E. I. du Pont de Nemours and Co., 


Inc.—Zytel 31 and 33 


More moisture-resistant than the 
above, more flexible, easier to work, 
lower in melting point, and less stiff. 
Zytel 33 is heat-stabilized Zytel 31. 





Alkoxy-substituted nylon, 
hexamethylene-adipic 
acid 


Belding-Corticelli Industries— 
B.C.I. Nylon 


For fiber bonding and treating, ex- 
trusion, and solution-coating. By 
heat and/or acid can be cross-linked 
and made thermoset. Soluble when 
thermoplastic. 





Not disclosed, 
possibly a copolymer 


E. I. du Pont de Nemours and Co., 


Inc.—Zytel 63 and 69 


Soluble in methanol and ethanol, but 
cannot be made insoluble. Used 
chiefly for textile treating. 





Not disclosed, made spe- 
cifically for the army 


E. I. du Pont de Nemours and Co., 


Inc.—Zytel 3606 


Made only to Army specifications for 
infantry wire jacket. 





Polycaprolactam 


Plastics and Coal Chemicals Div., 
Corp.—Plaskon 


Allied Chemical 
Nylon 8200 and 8201 


E. I. du Pont de Nemours and Co., 


Inc.—Zytel 211 
Spencer Chemical Co.—Spencer 


Nylon 401, 402, 600, 601, 602, 603, 


604, and 606 
Foster Grant Co., Inc.—Fostylon 
Alfred C. Toepfer, Inc.—Grilon 
American Enka Corp.—Nylenka 
Catalin Corp.—Catalin 


Controllable crystalline structure, 
permitting orientation for film. 
Fairly high molten viscosity. Wider 
plasticizing range for molding larger 
pieces. 





Polymer based on castor 
oil derivative, 1l-amino 
andecanoic acid 


nylon-11 


Rilsan Corp.—Rilsan 


Easily plasticized. Low specific grav- 
ity. Fairly low melt point but high 
decomposition point. Very fluid. May 
be graphited for friction applications. 
High moisture resistance. 





tant, as for blown bottles and any 
but the most simple shape ex- 
trusions, new high-viscosity res- 
ins are now beginning to assume 
a more prominent place in the 
industry. 

The use of nylon as a jacket 
for wire and cable is well-estab- 
lished. In some cases, such as 
magnet wire and_ geophysical 
cable, it may be used as a primary 
insulant, but it is more commonly 
used as a temperature- and 
abrasion-resistant jacketing over 
polyethylene, rubber, or vinyl 
compounds. Aircraft and other 
types of hookup wire, tree wire, 
and electric blanket wire are 
common examples. The softer 
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grades of nylon are also used for 
control cable jackets, as in tiller 
cable for small boats and for vari- 
ous roll-up devices. 

For outdoor applications, 
weather-resistant grades of ex- 
trusion resins have recently be- 
come available. These permit 
construction of highly abrasion- 
resistant wires with outdoor life 
comparable to the best materials. 

The properties of nylon make 
it ideally suited for many tubing 
applications. Its strength, fatigue 
resistance, and chemical inert- 
ness, particularly to hydrocar- 
bons, make it attractive for auto- 
motive and other lubrication 
systems, for fuel lines, air sus- 


pension systems, and many other 
applications. Its lightness and ease 
of assembly have made possible 
important economies in a great 
many installations. 

Still other markets exist in 
films and laminates. Here the high 
abrasion resistance, high-temper- 
ature properties, and chemical re- 
sistance are particularly valuable. 
Grease and oil packages, steriliz- 
able packages, and heavy-duty 
laminated constructions are ex- 
amples. 

A major potential market exists 
in the field of aerosol bottles. 
Here, strength, toughness, and 
impermeability contribute to the 
design of attractive bottles of al- 
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Showerhead uses nylon face plate (right) and nylon screen to give 
a tough and corrosion-resistant product. (Photo, Du Pont) 


most unlimited color possibilities, 
with the added feature of protec- 
tion against the possible losses 
and dangers from breakage. 

Less rigid and soluble types of 
nylon find many specialty uses 
As moldings, they are useful 


where extremely high impact 


strength is required. Examples 
include soft-faced hammers and 
bowling pin bases. In the hamme: 
application, prior to the selection 
of nylon, the manufacturer tested 
a wide range of materials by 
striking each one 140 times a min- 
ute with a sharp-pointed object 
giving a 50 ft.-lb. blow. Nylon 
lasted over 150 hr.—or approxi- 


mately 1,260,000 blows—2'% times 


as long as the next best material. 
In addition, nylon offered several 
other advantages. 

Applied as solutions or disper- 
sions, the nylons form imperme- 
able linings for aircraft fuel cells, 
and are widely used as soft, abra- 
sion-resistant finishes. 

Nylon is still somewhat under- 
rated in its ability to outwear 
metals and other materials in 
general mechanical applications. 
Up to now, it has been more gen- 
erally accepted for parts such as 
bearings, washers, gears, etc., but 
beginning to find in- 


creasing use in larger shapes for 


IS now 


rollers, wheels, wear plates, slides, 
dies, mountings, panels, and othe 


Superior insulation and long life are built into motors though use 
of molded nylon commutator hubs, lead insulators, brush supports, 
and governor mounting base. (Photo, Plaskon, Allied Chemical) 


wear parts. The unique combina- 
tion of properties for these ap- 
plications includes its toughness, 
resilience, abrasion and wear re- 
sistance, low surface friction, 
non-abrasive surface, and sound- 
deadening characteristics. Shapes 
with increasing utility for such 
applications include nylon tubu- 
lar bar up to 15 in. outside diam- 
thick, 
disks up to 7 in. thick and 17 in. 
outside diameter, and rods up to 


eter, plates up to 1% in. 


8 in. in diameter. 
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A liquid phenolic resin (Plastics and Coal Chemicals Div., Al- 
lied Chemical Corp.) is supplied with formulas and mixing 
procedures that enable molders to effect economies by mixing 
their own impact phenolic material. 


A nonheat-reative, oil-soluble phenolic resin (No. 3725, Plastics 
and Coal Chemicals Div., Allied Chemical Corp.) for use in can 
linings has superior resistance to acids. The resin proved its use- 
fulness in the formulation of caustic tank linings and as an 
impregnant for bottle cap liners. 


A new general-purpose phenolic molding material (Resinox 
1007, Monsanto Chemical Co.) is intended primarily for cold- 
powder automatic molding, but is equally suitable for semi- 
automatic molding. The two-stage, wood flour-filled compound 
has rapid flow, fast cure, and good mold and flash release. It is 
expected to help speed up automatic press operation and other 
molding jobs where use of heated preforms is impractical. 


A new wood flour-filled, general-purpose, two-step phenolic 
resin (BMM-7000 Black 25, Bakelite Co.), suitable for electrical 
components, makes possible reductions in cure time of up to 50 
percent. It has the easy handling characteristics of a two-step 
resin but even faster molding characteristics than a one-step 
resin. It can be removed from the mold quickly without deforma- 
tion. Developed specifically for use in cold-powder automatic 
molding, it may also be used in most types of compression mold- 
ing equipment. 


A black, two-stage mineral-filled phenolic molding powder 
(G-E 12980, General Electric Co.) produces parts that can with- 
stand temperatures to 500° F. Characterized by good dimensional 
stability, it is suitable for use in either cold-powder or pre- 
heated pill molding and can be molded at temperatures between 
300 and 370° F. Suggested uses are skillet and other appliance 
handles, coffee pot bases, stove parts, and heating appliances. 


Phenolic and melamine impact molding materials (The Fiberite 
Corp.) are now available in rod form. The rod form reduces the 
bulk factor, eliminates preforming, and reduces handling. 


A new phenolic (Fiberite 6100, Fiberite Corp.) has arc resistance 
equal to that of melamine and polyester. This material, an as- 
bestos cord-reinforced compound, has a 5.0 Izod impact, but can 
easily be molded by transfer or plunger methods. 


A new impact phenolic (Durez 18683, Durez Plastics Div., Hooker 
Electrochemical Co.) is a sisal-filled two-stage compound in 
nodular form, designed for applications which require a long 
flow. This low-cost material can be molded at the same pres- 
sures as general-purpose phenolics, using standard dies, and 
can be preformed automatically in horizontal preformers. 





PHENOLICS 


A s early as the 1870's scien- 


tific interest was shown in the 
phenol - formaldehyde reaction. 
But since organic chemists of that 
period were primarily concerned 
with pure, monomolecular com- 
pounds, the experiments were de- 
voted to the synthesis of crystal- 
line products. Sometimes, how- 
ever, despite the care taken to 
avoid its formation, a sticky paste 
which hardened into an irregular 
mass was obtained. It was not 
until 1909 when Dr. Leo Baeke- 
land first announced the con- 
trolled reaction of phenol and 
formaldehyde that this unwanted 
reaction product assumed com- 
mercial importance. Other work- 
ers in the field who made major 
contributions to phenolic chemis- 
try were Aylsworth, Redman, and 
his co-workers, Weith and Brock. 

Phenolic resins are used in 
a variety of ways: laminating, 
coating, adhesive, casting, and 
molding applications included. As 
one of the few organic compounds 
that will resist most atomic ra- 
diation, it is conceivable that 
phenolics will find use in the 
nuclear energy field. Also, its 
dimensional stability and heat 
resistance open new possibilities 
in jet engine design. 


Phenol-formaldehyde 


The term “phenolic resins” in- 
cludes a broad variety of products 
made by reacting a phenol with 
an aldehyde. The commercial 
phenols are: phenol, cresols, xy- 
lenols, p-t-butyl-phenol, p-phen- 
ylphenol, bisphenols, and resorci- 
nol. The most important aldehydes 
are: formaldehyde and furfural. 

The phenolic of greatest com- 
mercial importance is that based 
on phenol and formaldehyde. The 
latter is the most widely used al- 
dehyde because of its greater re- 
activity and relative freedom from 
side reactions. 


Chemistry 


Phenol and formaldehyde may 
combine by the mechanisms of 
addition and condensation. In the 
former, the formaldehyde adds on 
to the phenol ring. In condensa- 
tion, the reaction continues with 
the combination of the methylol 
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substituted phenol and another 
phenol molecule, and the release 
of a molecule of water. 

With basic catalysts, such as in- 
organic quaternary 
ammonium hydroxides, and ter- 
tiary amines, and with at least one 
mol of formaldehyde per mol of 
phenol, one-step resins or resols 
are obtained. These resins are 
characterized by having built in 
all the ingredients necessary to 
yield a cross-linked 3-dimensional 
structure on heating. The reaction 
mechanisms in basic solution are 
shown in Formula 1, below. 

A secondary reaction is that of 
the condensation of two methylol 
groups to form an ether bridge. 
Upon heating, these bridges de- 
compose to form’ methylene 
bridges and formaldehyde which 
immediately reacts via the reac- 
tions already described. These re- 
actions are capable of taking place 
in any open ortho or para position 
in any phenolic nucleus regard- 
less of the extent of methylola- 
tion. They can also result from 
the formation of a methylene 
bridge by condensation between a 
methylol group and a phenol nu- 
cleus in any open ortho or para 
position—no matter how large the 
polymer molecule may be. 


hydroxides, 


Resin stages 

The curing mechanism by 
which phenol alcohols condense 
to resins is divided into three 
stages. The A-stage resin (resol) 
is the initial condensation product 
of phenol and formaldehyde. The 
resin consists mainly of phenol 
alcohols and is readily soluble in 
alkalies and in solvents such as 
acetone. The B-stage resin (resi- 
tol) is the second stage of con- 
densation. At this point, cross- 
linkage has not proceeded very 
far and the resin is still softened 
by heat. It is plastic while hot, al- 


though generally hard and brittle 
when cold. The increased molecu- 
lar weight renders the resin in- 
soluble in alkalies, although it is 
partly or completely soluble in or- 
ganic solvents. 

The C-stage resin (resite) is the 
final stage of polymerization, with 
a large amount of cross-linkage. 
The resin is completely insoluble 
and infusible. It should be noted 
that these stages of resin cure are 
not clearly defined, but pass 
gradually one into the other. The 
third or C-stage, a 3-dimensional 
network structure, may be repre- 
sented by the reaction shown in 
Formula 2, p. 135. 

With acid catalysts and less 
than one mol of formaldehyde per 
mol of phenol, two-step resins or 
novolacs are obtained. These 
resins are characterized by re- 
quiring some cross-linking agent 
such as hexamethylenetetramine 
to cure, The reaction mechanisms 
in acidic solution may be repre- 
sented as in Formula 3, p. 135. 

These reactions take place in 
either the ortho or para position. 
Although the classical explana- 
tion of the curing of a novolac has 
the hexamethylenetetramine as a 
source of methylene groups for 
cross-linking, the hexamethylene- 
tetramine curing is much more 
complicated. Various nitrogeneous 
derivatives of the resin, for exam- 
ple, have been isolated from the 
cured resin. 


Processing 


The two principal types of phe- 
nolic resins are prepared for fur- 
ther processing in four general 
classifications: 1) solid novolac 
subsequently processed with a re- 
acting hardener; 2) solid resol 
which is heat-hardenable; 3) liq- 
uid solution of resol which is 
heat-hardenable; and 4) solutions 
in organic solvents, used as var- 


Formula 1: Two mechanisms for combining phenol and formaldehyde 
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nishes, which usually are heat- 
hardenable. 

Liquid solutions of phenolic 
resins are used extensively by the 
laminating industry in the manu- 
facture of decorative and indus- 
trial laminates. This form of resin 
is also used in casting resins and 
as an impregnant or a bonding 
agent for glass cloth, paper, wood, 
and the like. Another application 
is in the field of thermal insula- 
tion. Formulations of protective 
coatings and adhesives also em- 
ploy the resin in solution form. 

Considerable interest has been 
expressed in the use of liquid phe- 
nolics in the manufacture of shell 
molds, although at present most of 
the applications in the foundry 
industry utilize the solid resin. 

Phenolic foams, a form of the 
resin introduced in the past few 
years, have found application in 
various fields, and their potential 
is still being investigated. The 
foams are actually of two types: 
conventional phenolic foam which 
obtains its structure from a chem- 
ical blowing action, and a syntac- 
tic foam or putty-like material 
which is obtained by binding to- 
gether microscopic hollow phe- 
nolic spheres with various types 
of thermosetting resins. (See 
“Foamed Phenolics,” p. 349.) 


Molding compounds 


Phenolic molding compounds 
are produced in granular, macer- 
ated, or nodular forms. In addi- 
tion to such substances as lubri- 
cants, dyes, and plasticizers, fillers 
are usually mixed with the resin 
for the purpose of modifying its 
properties. Wood flour, an inex- 
pensive filler, is largely used in 
general-purpose molding com- 
pounds. More fibrous fillers such 
as cotton flock, sisal fibers, and 
shredded rags increase strength 
characteristics, particularly im- 
pact strength. Mineral fillers are 
usually used as modifiers with or- 
ganic fillers to produce character- 
istics such as control of shrinkage, 
modification of electrical proper- 
ties, and the like. Where electri- 
cal properties are of importance, 
inorganic fillers, especially mica, 
are used. Inorganic fillers also 
are used to impart resistance at 
elevated temperatures. 

The various phenolic molding 
compounds are often designated 
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Formula 2 (left): A 3-dimensional network structure; 


by the properties that they impart 
to molded products, e.g., general- 
purpose, impact-resistant, heat- 
resistant, special-purpose phe- 
nolics, ete. 

When fully cured, phenolic 
molding compounds are relatively 
inert. With the exception of spe- 
cial grades, they are measurably 
decomposed by strong caustic so- 
lutions. Molded pieces are hard, 
rigid, durable, and difficult to ig- 
nite; if ignited, however, they are 
slow-burning. Because the usual 
phenolic materials show a marked 
tendency to discolor 
posed to light, dark colors are 
recommended. Indoor aging char- 
acteristics are good. In general, 
curing temperatures range from 
275 to 350° F. Unless special 
grades of materials and special 
techniques are used, pressure is 
required for the cure: Compres- 
sion, transfer, or plunger tech- 
niques can be used. Large pieces 
can be sucessfully molded and 
show good tolerances for inserts. 


when ex- 


Coatings and adhesives 

There are four important types 
of phenolic resins used in coat- 
ings. The thermoplastic oil-soluble 
resins or phenolic varnish resins 
can be incorporated into a wide 
variety of coating formulations 
outstanding in durability, drying 
speed, water resistance, and 
toughness. The thermosetting oil- 
soluble resins are widely used to 
upgrade varnishes based on in- 
expensive natural resins, such as 
rosin and ester gums, with a re- 
sultant improvement in drying 
speed, water resistance, chemical 
and solvent resistance, and dura- 
bility. The thermosetting-non-oil- 
soluble resins are alcohol-soluble 
baking coatings, and are used 
where the highest order of chemi- 
cal and solvent resistance is de- 
sired. The phenolic dispersions 
are a distinctive class of coating 
materials that form tough, dur- 
able, fast-drying, moisture-resist- 
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ant films having good adhesion to 
metals. 

As adhesives, phenolic resins 
are used extensively for exterior- 
type softwood plywood, in which 
bonds (properly made) are more 
durable than the wood itself, 
under exterior and other severe 
service conditions. The adhesives 
are commonly pressed and cured 
at 270° F. or higher. Attempts to 
develop practical room-tempera- 
ture-setting phenolic resin adhe- 
sives by use of highly acid cata- 
lysts have been only moderately 
successful, because of the corro- 
sive action of some acids. 

The plywood industry uses al- 
most 10% of all the phenolic 
resins manufactured. This is the 
largest single application for ad- 
hesives. Other applications are in 
the bonding of copper or silver 
foil to plastics laminate backing 
in printed circuit boards, the 
manufacture of structural board, 
and aircraft metal-bonding. 


Laminating resins 


In 1957, the amount of phenolic 
resin used for laminating purposes 
exceeded 14% of the total phe- 
nolic production, and was second 
only to molding in the volume of 
phenolic used. 

The procedure for manufactur- 
ing a typical high-pressure phe- 
nolic laminate is as follows: A 
one-step resin is dissolved in al- 
cohol to make a varnish of suitable 
viscosity to permit saturation of 
the cloth or paper filler. A web of 
filler is led into a varnish bath 
and out through squeeze rolls or 
over doctor blades. The saturated 
filler then passes through an oven 
which removes volatile 
matter and partially polymerizes 
the resin. The characteristic satu- 
rating property of the filler, the 
viscosity of the varnish, and the 
setting-of the squeeze rolls or ten- 
sion against the doctor blade all 
influence the final quality of resin 
in the filler. A typical treated ma- 


excess 


Formula 3 (right): Reaction mechanisms in acidic solution 


tackiness, will 
contain perhaps 45% resin and 5 
to 10° volatile matter. 

To make flat sheets, the treated 
material is cut in proper 


terial, free from 


length, 
placed one on top of the other, and 
pressed between polished steel 
plates in a hydraulic press with 
heated platens. Temperatures in 
the neighborhood of 350° F. and 
pressures of from 1200 to 2000 
p.s.i. are commonly used in high- 
pressure laminating. 

In the manufacture of decora- 
tive laminates, an opaque sheet 
printed with the desired design 
and impregnated with melamine 
resin is placed on top of the phe- 
nolic treated sheets before pres- 
sure is applied. 


Casting phenolics 

Cast phenolics, one of the less 
expensive casting resins in use 
today, offer high strength char- 
acteristics, chemical resistance, 
hardness, rigidity, and machin- 
ability, and are available in col- 
ored and mottled effects. 

Essentially, casting resins are 
mixtures of phenol alcohols with 
a relatively small proportion of 
these condensed to an advanced 
stage. The liquid resins can be 
cured to practically infusible, in- 
soluble products heated. 
Some can be cured at room tem- 
perature by addition of acidic ac- 
celerators. Fillers can sometimes 


when 


be used to advantage in lowering 
the shrinkage factor and in in- 
creasing strength—provided suffi- 
cient control of bubble formation 
is exercised. Phenolic 
resins are frequently 
tooling applications. 


casting 
used for 


Bonding agents 


Phenolic bonding 
agents find use in such applica- 
tions as thermal and acoustical 
insulation, grinding wheels, coated 
brake 


clutch facings. 


resins as 


abrasives, linings, and 


In the production of abrasive 
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grinding wheels, for example, ab- 
rasive particles are first wetted 
with a low-viscosity liquid resin, 
then tumbled with a mixture of 
finely powdered two-stage resin 
and filler. The composition is 
pressed into the size of wheel de- 
sired and oven-cured. 

Phenolic is also used as a 
binder in glass wool insulation. 


Foundry industry 


The use of phenolic resins for 
making shell molds for foundry 
casting offers opportunities for 
smoother castings, closer toler- 
ances, and less machining. 

Machines for making shell 
molds range from the elaborate 
automatic multi-station variety to 
the simple hand-operated, single- 
station type. The basic process 
consists of mixing relatively low 
percentages (4 to 8%) of phe- 
nolic resin with foundry sand. De- 
pending on the process used, this 
might be either a dry or wet mix. 
The dry mix has the advantage of 
low capital investment, but re- 
sults in segregation of the resin 
and sand. The wet process, an- 
other method of making coated 
sands, requires higher capital in- 
vestment in terms of equipment 
necessary to coat the sand prop- 
erly, but overcomes the problem 
of segregation. These coated sands 
are applied to a hot pattern; the 
layer of material which adheres 
is cured by the heat. 

The process of using coated 
sands enables the foundry to re- 
duce resin content considerably. 
Even though the individual appli- 
cation uses little resin, the eco- 
nomic picture is attractive. It is 
expected that many more foun- 
dries will utilize the process and 
thereby increase considerably the 
total poundage of phenolic resins 
for foundry industry use. 


Phenol-furfural 


Although formaldehyde is the 
aldehyde used in greatest quantity 
by the phenolic resin industry, 
furfural is also used extensively 
for its modifying effect on phe- 
nolic resins. Furfural resins are 
characterized by extreme dura- 
tion of flow at lower temperatures, 
and very rapid cure rates at 
higher temperatures. When fur- 
fural resins are added to standard 
phenolic mixtures these proper- 
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ties can be imparted to the new 
mixture. Furfural is primarily 
used in reaction with synthetic 
phenol to prepare lump resins 
which in turn are ground and 
blended with fast-curing formal- 
dehyde-phenol powdered resin in 
suitable ratios. 

Another method is to react 
mixtures of furfural and formal- 
dehyde with phenol in the reac- 
tion kettle itself. In either case, 
the blends thus produced can be 
compounded with fillers in the 
manufacture of molding powders, 
or can be used as binders for resi- 
noid abrasive wheels, brake 
linings, adhesives, etc. 

The largest single application of 
furfural in the phenolic resin in- 
dustry is in the production of 
molding compounds. 

Phenolic molding powder man- 
ufacturers pioneered the develop- 
ment of long-flow compounds, 
and, in cooperation with press 
builders and molders, made pos- 
sible the deep-draw molding of 
large TV console cabinets and 
other large and complex moldings. 
Furfural played an important role 
as a raw material in the designing 
of phenolic resin blends that 
helped to make possible the first 
large moldings. 


Resorcinol-formaldehyde 


Resorcinys: has a higher rate of 
reactivity than phenol under some 
conditions; this is due to the fact 
that there are two activating OH 
groups, as opposed to the one 
activating group in phenol. The 
order of reactivity of resorcinol 
with formaldehyde is such that no 
catalysts are necessary to induce 
reaction, which will take place 
under acid or alkaline conditions. 
By reacting one mol of resorcinol 
with substantially less than one 
mol of formaldehyde, resins are 
obtained which are permanently 
fusible and soluble in water, 
ketones, alcohols, esters, and 
similar organic solvents. These 
resins can be repeatedly heated 
with no substantial change in 
properties. By dissolving in a sol- 
vent medium, usually water and 
alcohol, and adjusting the pH of 
the solution to approximately 7, 
an adhesive base is formed which 
can be set in the presence of a 
hardening agent, generally forma- 
lin or paraformaldehyde. In a 


similar manner, copolymer phe- 
nol-resorcinol-formaldehyde ad- 
hesives can be prepared that set 
at a pH of about 8 and show about 
the same reactivity as shown by 
the resorcinol adhesives. 

Resorcinol resin adhesives can 
be used quite generally where 
phenolics are used. The low- 
temperature cure is particularly 
helpful in the fabrication of heavy 
structures with thick sections 
where slow heat transfer retards 
the cure of normal phenolics, or in 
gluing odd-shaped pieces that 
cannot be handled well between 
the flat platens of a hot press. Be- 
cause of their high affinity for 
wood, the most important use of 
these resin adhesives has been in 
wood gluing, particularly for 
marine plywoods. Less well- 
known applications are in various 
bonding operations on laminated 
and molded phenolics, nylon, and 
other plastics materials. 
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Polycarbonate 


BY R. J. THOMPSON* and K. B. GOLDBLUM* 


A new thermoplastic polymer 
—a polycarbonate resin—offers a 
unique combination of useful 
properties. Four outstanding 
properties are combined in this 
new material (Lexan'): 1) high 
impact strength (over 12 ft.-lb./ 
in. of notch); 2) excellent dimen- 
sional stability (low water ab- 
sorption and 280 to 290° F. heat 
distortion temperature minimize 
dimensional changes); 3) supe- 
rior heat resistance (shows 
excellent resistance to thermal- 
oxidative degradation at tem- 
peratures up to 300° F.); and 4) 
good electrical properties. 

This resin introduces an en- 
tirely new composition to the 
thermoplastic family. The poly- 
carbonate name is taken from the 
carbonate linkage which joins the 
organic units in the polymer. 
This is the first commercially 
useful thermoplastic material 
which incorporates the carbonate 
radical as an integral part of the 
main polymer chain. 


Chemistry 


The polyarylcarbonates may be 
manufactured by either of two 
general processes: 

1. Ester interchange: A simple 
diaryl carbonate may be reacted 
with a bisphenol in a heated resin 
pot with or without catalysts. The 
reaction proceeds by a transfer of 
the carbonate linkages to the bis- 
phenol. The equilibrium is shifted 
in the direction of high-molecu- 
lar-weight polymers by distilling 
the monofunctional phenol. The 
first step of this reaction to pro- 
duce a dimer is shown below: 


O 
HO-R-OH+R’OCOR’+HO-R-OH + 
O 


HO-R-OCO-ROH + 2 R’'OH ¢ 


R = bisphenol nucleus 
R’= pheny! nucleus 


2. Direct reaction: Phosgene, 


* Chemical and Metallurgical Div., General 
Electric Co., 1 Plastics Ave., Pittsfield, Mass. 
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POLYCARBONATE 


the diacid chloride of carbonic 
acid, can react with a bisphenol 
to produce polymer plus hydro- 
gen chloride. The reaction can be 
driven to completion by removal 
or neutralization of hydrogen 
chloride with caustic or pyridine. 
The first step of this reaction to 
produce a dimer is shown below: 


oO 


a 


HO-R-OH + Cl-C-Cl + HO-R-OH + 
O 


HO-R-OCO-ROH + 2 HC! removed 


Considerable technology is in- 
volved in driving the reaction to 
the desired degree of completion. 


Processing 


The aromatic polycarbonate 
resins have been processed by 
virtually every method and tech- 
nique used in thermoplastic tech- 
nology. The densification of the 
polymer particles from the man- 
ufacturing step is done by ex- 
trusion and chopping. 

The cylinder temperatures for 
injection are in the 500 to 575° 
F. range. However, because of 
the excellent thermal stability of 
the resin, temperatures as high 
as 700° F. have been successfully 
used. Because of high melt vis- 
cosity of the polymer, it is sug- 
gested that the maximum pres- 
sure of the injection machine be 
used. Short mold filling times 
are preferred, so that freezing off 
in the runners and at the gates 
is minimized. Gate size is some- 
what open to debate. In many 
cases, a larger gate has been used 
to get good parts but, in others, 
quite small and restricted gates 
have produced satisfactory mold- 
ings. The lands should be as 
short as conveniently possible. 
The runners preferably should 
be large and full round. The 
sprue also should be large. A 
heated nozzle is preferred, but 
good moldings have been made 
with unheated nozzles. Molds at 
room temperature have _ been 


used successfully in many cases, 
although more usually tempera- 
tures of 170 to 200° F. are rec- 
ommended. Since molding of 
polycarbonate resin is affected by 
moisture, which shows up as 
streaking and bubbling and leads 
to poor physical properties, dry- 
ing in shallow layers of not over 
1 in. in depth at 110 to 125° C., 
preferably in dehumidified ovens, 
is suggested. 

The experimental information 
on extrusion conditions indicates 
that temperatures of 450 to 550° 
F. can be used in the barrel. 
Water cooling of the screw is not 
recommended due to the high 
melt viscosity developed. Even 
more important than in injection 
molding, the feed to the extruder 
must be as moisture-free as pos- 
sible. The presence of moisture 
will be indicated by small bub- 
bles in the body of the extruded 
shape. If the moisture content is 
high enough, the extruded ma- 
terial will be foamy in appear- 
ance. 


Properties 


Low water absorption of 
molded parts is important be- 
cause moisture often affects di- 
mensional and chemical stability, 
and mechanical and_ electrical 
properties. Polycarbonate resin 
exhibits a relatively low water 
absorption. Exposed to 50% rela- 
tive humidity at room tempera- 
ture, polycarbonate resin parts 
reach equilibrium in about 10 
days at 0.15% water content; 
when immersed in water at room 
temperature, a maximum of 
0.35% is absorbed. In _ boiling 
water the maximum absorption 
of 0.58% is rapidly attained. 

Like other amorphous poly- 
mers, polycarbonate resin has no 
precise melting point. It softens 
and begins to melt over a range 
from 420 to 440° F. 

Significant in the processing of 
the resin is its thermal stability. 
The melt viscosity remains virtu- 
ally unchanged over a 60-min. 
period of heating at 300° C. 
(572° F.). Another, somewhat 
unique, characteristic of the resin 
is the fact that melt viscosity is 
not significantly affected by in- 
creases in pressure. 

Polycarbonate resin has good 
electrical properties which make 
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Properties of molded polycarbonate 





Physical properties 


Specific gravity 

Refractive index at 25° C. 

Rockwell hardness 

Abrasion resistance, Taber abraser 
with CS-17 wheel, 1000 g. load 

Impact strength, notched Izod 

Tensile-impact (Bragaw, Mopern 
Piastics 33, 199; June 1956) 

Tensile yield strength 

Tensile ultimate strength 

Elongation 

Compressive strength 

Flexural strength 

Shear ultimate strength 

Water vapor transmission 


Thermal properties 
Heat distortion temperature 


Mold shrinkage 
Thermal conductivity 


Coefficient of linear thermal expansion 


Flammability 
Brittle temperature 


Electrical properties 


Dielectric constant 
60 cycles 
10° cycles 

Power factor 
60 cycles 
10° cycles 

Volume resistivity, 
ohm-cm. 

Arc resistance, 
stainless steel 
strip electrodes 

Dielectric strength 
short time, 25°C 3,080 


A.S.T.M. Test 
1.20 D 792 
1.584 _ 
M70, R118 D 785 
24 mg./1000 cycles D 1044 


12-16 ft.-lb./in. of notch D 256 
600-900 ft.-lb./cu. in. _- 


8,000-9,000 p.s.i. 

9,000-10,500 p.s.i. 

60-100% 

11,000 p.s.i. 

11,000-13,000 p.s.i. 

9,200 p.s.i. 

3-4 « 10° g./hr., cm? 
(mm, Hg/cm.) 


264 p.s.i.: 280-290° F. 

66 p.s.i.: 283-293° F. 

0.005-0.007 in./in. 

46 « 10° cal./sec. em? 
(°C./em.) 

7 X< 30° in./in,, °C. 

Self-extinguishing 

<—135°C. 


23°C. 100°C. 125°C. 


3.17 3.15 3.13 


0.009 0.0011 


2.110" 2.010" 





it suitable for applications where 
characteristics are 
needed. Of special interest is the 
low power factor of 0.0009 at 60 


cy. sec. at room temperature. 


insulation 


Applications 
The fact that 
resin has exceptionally high im- 


polycarbonate 


pact strength suggests its use in 
applications where toughness is 
a requisite. Housings for business 
machines, communication equip- 
ment, and electrical apparatus 
fall in this category. The color- 
ability of polycarbonate resin, its 
self-extin- 
guishing rating enhance its suit- 
ability for such applications. 

Well - molded polycarbonate 


transparency and 
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parts will withstand sharp ham- 
mer blows, and generally the 
parts will deform before eventu- 
ally rupturing. 

The dimensional stability of 
polycarbonate moldings under a 
wide variety of temperature, hu- 
midity, and environmental con- 
ditions, especially when coupled 
with impact strength and heat 
resistance, opens up a_ variety 
of potential applications. Many 
types of gears should benefit 


from the properties of polycar- 
bonate resin. 
Perhaps the 
application for 
resin will be derived from the 
fact that it may replace a metal 
part assembled 


most important 


polycarbonate 


from several 


components. Die-cast metal parts, 
especially those made from brass 
and zinc, look susceptible to re- 
placement by polycarbonate. 

There is a growing need for 
plastics with higher heat resist- 
ance. Parts for electronic equip- 
ment, appliances, and heating ap- 
paratus must meet increasing 
temperature requirements. The 
combination of transparency and 
heat resistance suggests uses for 
polycarbonate resin in lenses and 
instrument windows where en- 
vironmental or illumination heat 
call for high temperature stabil- 
ity. Superior heat resistance 
makes it suitable for these uses. 

There is a_ trend toward 
smaller electrical equipment, 
which usually results in in- 
creased operating temperatures. 
The good electrical properties 
and high heat resistance of 
polycarbonate resin should make 
possible its widespread use in the 
electrical field. Coil forms are a 
good example of parts that re- 
quire toughness and heat resist- 
ance. Other electrical uses in- 
clude wire insulation, structural 
parts, and housings. 

An interesting application area 
for plastic materials is the use of 
polycarbonate resin for fabricat- 
ing fasteners of various types. 
Such uses as grommets, rivets, 
nails, staples, and nuts are under 
evaluation or have been pro- 
posed. The ability of polycar- 
bonate parts to be cold-headed 
has developed considerable in- 
terest in rivet applications. Also, 
solutions of polycarbonate resin 
show promise as bonding or ce- 
menting agents in certain uses; 
the resin maintains its bond 
strength over a wide temperature 
range. 

Small industrial parts of many 
types can be improved with the 
combination of properties of 
polycarbonate resin. Cams, bear- 
ings, switches, levers, hardware, 
and valves have been produced. 

The polycarbonate molding 
compound described above is 
only one member of the poly- 
carbonate family. As variations 
in properties are needed, other 
polycarbonate resins will prob- 
ably be introduced. In addition 
to the molding compound form, 
the polycarbonates show promise 
as films, fibers, and elastomers. 
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Polypropylene 


BY MARIO OTTOLENGHI* and C. CRESPI** 


<a 
RECENT DEVELOPMENTS 














A new polypropylene (Moplen, Montecatini, dist. by Chemore 
Corp.) is a crystalline polymer of isotactic structure. It has a 
high softening point and excellent mechanical, thermal, and 
electrical properties. These polypropylenes are excellent for 
molded electrical parts. Possessing excellent dielectric properties, 
they are nonhygroscopic, can stand high humidity conditions, 
and have superior resistance to heat. Products made from the 
polypropylenes exhibit excellent resistance to acids, alkalies, and 
various solvents, and can easily be cleaned and sterilized. 


The first American polypropylene (Profax, Hercules Powder 


Co.), described as an “ordered crystalline polymer,” 


will be use- 


ful in molding, extrusion, film, and fiber. It is the lightest of all 
plastics with a specific gravity of 0.910. It has higher tensile 
strength, hardness, temperature resistance, stiffness, resilience, 
and clarity than other polyolefins, together with the inertness 
and water resistance characteristics of a hydrocarbon polymer. 





I wo new terms have become a 


part of the language of plastics. 
They are “isotactic” and “stereo- 
specific.” 

The first, from the Greek “isos” 
meaning “the same” and “tatto” 
meaning “regularly ordered,” is 
the name given to one special 
group of the structures created by 
the use of catalytic agents in the 
polymerization of olefins. “Iso- 
tactic” polymers are giant mole- 
cules of polyolefins with a high 
degree of crystallinity due to the 
exceptional regularity of 
spacial structure. 


their 
The second term, “stereospe- 
cific,” refers to the catalysts and 
their ability to direct polymeriza- 
tion in such a way as to predeter- 
mine the final configuration in 
space of the giant polymeric 
molecules. Stereospecific catalysts 
are used not only to make isotac- 
tic polyolefins but also other spe- 
cial molecular configurations like 
syndiotactic, special atactic struc- 
_e Corp., 21 West St., New York 6, 
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* Montecatini Soc Gen Via Turati 18, 
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tures, and others. Very high 
yields of isotactic polymers were 
obtained for the first time with 
these catalysts, and it was found 
possible to control the degree of 
isotacticity and, therefore, crys- 
tallinity and other properties of 
the desired end products within 
a wide range. 

These new plastics open a new 
era in structural chemistry since 
it is now possible to regulate the 
structure and molecular weight in 
such a way as to make polymers 
with 
chemical properties. 


tailor-made physical and 

This wide range of properties 
in turn opens to polypropylenes 
a wide range of applications. Ex- 
amples to date are pipes, fittings, 
valves, films, heat- 
sterilizable bottles, carboys, ca- 
ble insulation, battery boxes, re- 


packaging, 


frigerator parts, toys, radio 


cabinets, household articles—such 
as buckets, basins, and bassinets 
spools and other parts for tex- 
tile machinery, impellers and cas- 
ings for pumps, steering wheels, 
and sheets for thermoforming. 


Polypropylene thermoplastics 


will probably compete with other 
polymers in many applications. 
They also promise to be useful in 
areas not now available to plas- 
tics for economic reasons or be- 
cause desired properties could not 
heretofore be obtained. Some of 
the outstanding characteristics of 
polypropylene are discussed be- 
low. 


Characteristics 


Polypropylenes are colorless 
and odorless thermoplastic mate- 
rials. They have physical proper- 
ties directly attributable to their 
molecular structure and which 
fundamentally differ from those 
of previously known thermoplas- 
tics. These materials are excep- 
tionally resistant to heat; they 
can be sterilized and used at tem- 
peratures of up to 300° F. Their 
melting range is from 325 to 340 
F., enabling them to outperform 
most other commonly used poly- 
mers in temperature resistance. 
Mechanical properties are su- 
perior. Isotactic polypropylenes 
have higher tensile strengths and 
rigidity than high-density poly- 
ethylene; they have remarkably 
high compressive strength with 
values ranging from 8500 to 10,000 
p.s.i. Their Rockwell hardness is 
between R-85 and R-105, and 
their impact strength is greater 
than 80 kg.-cm./cm.? Since spe- 
cific gravity is 0.90 to 0.91, isotactic 
polypropylenes are 
lightest 
means 


among the 
available. This 
product per unit 
weight of polypropylene used. 


plastics 
more 


The new materials have an es- 
sentially nonpolar structure, so 
they exhibit excellent electrical 
properties even at high frequen- 
cies. Since they have practically 
no water absorption, the elec- 
trical properties remain virtually 
unaffected by humidity. Such ex- 
cellent electrical properties com- 
bined with good thermal and me- 
chanical characteristics result in 
superior insulation. 

Their heat resistance and me- 
chanical properties, together with 
unusual = chemical resistance, 
make isotactic polypropylenes a 
good choice for pipe applications. 
They are resistant to acidic, al- 
kaline, and saline solutions, even 
at elevated 
room 


temperatures. At 
temperatures they 
organic solvents and polar sub- 


resist 


139 








organic solvents and polar sub- 
stances without embrittlement. 


Absorption of mineral and vege- 
table oils is extremely low. 


Films made from these poly- 
propylenes are exceptionally im- 
permeable to a wide variety of 
vapors and gases, and they are 
transparent. 

The polypropylenes can _ be 
processed by the techniques com- 
monly used for processing other 
thermoplastics And 
products made from polypropyl- 
ene exhibit fine detail, high finish, 
surface hardness, and excellent 
rigidity. Warm to the touch, they 
can be made available in any de- 
sired color. 


materials. 


The various processing tech- 
niques are discussed below. 


Injection molding 

The high fluidity of isotactic 
polypropylene also permits rela- 
tively low molding pressures 
(11,000 to 17,000 p.s.i.) but the 
molding of thin-walled and com- 
plex shapes is better made at 
higher pressures (21,000 to 28,000 
p.s.i.). 

The temperatures of the cylinder 
should be maintained between 
392 and 500° F., depending on the 
form and weight of the piece. 

Notwithstanding the fact that 
polypropylene’s melting temper- 
ature is higher than polyethy- 
lene’s, molding cycles can be very 
short, since the material’s excel- 
lent dimensional stability permits 
the part to be extracted from the 
die at about 212° F. When deal- 
ing with large pieces, warpage 
can be avoided if the piece is left 
in the mold for a suitable length 
of time after injection to insure 
complete solidification. The 
amount of time required will, of 
course, vary with the part being 
molded. The mold should be run 
at about 170° F., and should have 
chromium plated surfaces to pro- 
duce smooth and brilliant poly- 
propylene end products. Linear 
shrinkage is about 2%—about the 
same as polyethylene—so that 
rules can be followed 
when establishing mold sizes. 


normal 


Polypropylene does not require 
a plasticizer during processing. 
It is easily mixed by conven- 
tional techniques with pigments 
and or dyestuffs to obtain a wide 
range of colors. Like polyethyl- 
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ene, the addition of carbon black 
or similar opacifying agents will 
impart permanent resistance to 
sunlight in the finished part. 
Polypropylene is not affected by 
diffused light. Normal stabilizers 
give protection against oxidation 
during fabrication. 


Extrusion 

Tests conducted at different 
pressures reveal that the increase 
in extrusion rate with pressure is 
higher with polypropylene than 
with polyethylene. At normal 
working pressures, isotactic poly- 
propylene flows faster than does 
polyethylene of a similar grade. 

Extrusion is carried out with 
conventional equipment em- 
ployed for polyethylene, using a 
screw having a 4:1 compression 
ratio and a length equal to 18 to 
20 times its diameter. As with 
polyethylene, care should be 
taken to obtain uniformity of 
temperature in the barrel and 
good performance of the cooling 
and draw-down systems. For pipes 
and miscellaneous shapes a bar- 
rel temperature of 370°F. and a 
nozzle temperature of 374 to 400° 
F. is suggested. Blown and flat- 
die films require a barrel tem- 
perature of 370° F. and a head 
temperature of 428° F. When fast 
cooling is employed, the gloss and 
transparency of flat-die films are 
superior to those produced from 
polyethylene. 

Polypropylene films may be 
heat-sealed with the same equip- 
ment used for welding polyethyl- 
ene films and can be laminated 
to paper, cloth, or aluminum 
substrate with the help of rubber 
and steel rollers. 

Covering wire with polypropyl- 
ene is not difficult, but the prod- 
uct should be cooled uniformly 
and progressively immediately 
after extrusion. Wire covered 
with polypropylene exhibits ex- 
cellent electrical and mechanical 
properties and high resistance to 
cracking. 


Other processes 


Polypropylene may be 
pression molded, 
centrifugal-cast, 
coated, 
formed. 

Although the compression 
molding process is usually re- 


com- 
fusion- and 
metal-surface 
drawn, and vacuum 


served for thermosetting com- 
pounds, polypropylene can be 
compression molded at 392 to 
428° F. and at a pressure of 1400 
to 1700 p.s.i. to obtain flat sheets, 
plates, or blocks which may later 
be machined into end products. 

Included among the various 
other fabrication techniques for 
processing polypropylene are 
such methods as_ dip-coating, 
drape or vacuum forming of poly- 
propylene sheets and films, weld- 
ing, machining, and ink printing. 
These methods may be summa- 
rized as follows: 

In dip-coating metal surfaces, 
the object to be coated is heated 
to about 482° F. and dipped into 
powdered polypropylene. Fusion 
is completed in an oven at 482° 
F. to obtain a uniform, smooth 
coating. 

Large pieces and complex 
shapes can be produced by drape 
or vacuum forming polypropyl- 
ene sheets and films. Normal ma- 
chinery is quite suitable but the 
sheets should be blocked into the 
frame after they have already 
undergone partial thermal soften- 
ing. Polypropylene films 8 to 12 
mils thick possess sufficient rigid- 
ity to make boxes and other con- 
tainers by drawing. 

Polypropylene may also be 
welded, machined, and _ ink 
printed. In welding, a thin poly- 
propylene rod is fused and the 
inert gas welding torch is set for 
a temperature of 392 to 428° F. 
Machining is accomplished with 
conventional tools and compara- 
tively high cutting speeds can be 
applied. The adhesion of ink to 
polypropylene is good but can be 
improved by pretreating with 
methods commonly’ used for 
polyethylene. 
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A medium-viscosity, semirigid polyester resin (Hetron 33, Du- 
rez Plastics Div., Hooker Electrochemical Co.) is recommended 
for use with fibrous glass where a combination of good impact 
and flexural strengths is required. The resin is especially suited 
for matched die molding. Laminates made from it are strong and 
stiff, resist impact cracking, are self-extinguishing, and can be 
baked at 350° F. for 90 min. several times without crazing or 
cracking. 


A new process for manufacturing prototypes and small parts 
(Western Tool & Mfg. Co.) employs a special polyester resin 
(IC-1218, Finishes Div., Interchemical Co.). The compound, 
which contains an inert filler, pigments, and milled glass, is 
either poured into an open mold for encapsulating or injected 
into a die. The molds and dies can be made from plastics, plaster, 
cast alloys, ceramics, and other materials. Parts are equivalent 
in many respects to cast or molded phenolics. 


A general-purpose glass-reinforced alkyd molding compound 
(STRalkyd, Panelyte Div., St. Regis Paper Co.), available in 
molded shapes only, competes with phenolics, ureas, and mela- 
mines, as well as with metals. It combines surface smoothness, 
color, and gloss, with high strength, good electrical properties, 
flame and arc resistance, and high heat resistance. 


Dimer-acid polyester resin (Selectrofoam 6207, Pittsburgh Plate 
Glass Co.), for use in formulating urethane foam, replaces adipic 
acid polyester used in conventional polyester-isocyanate foams 
and is formulated by the same “one-shot” system. The resin has 
overcome compression-deflection characteristics of previous 
adipic acid-based urethanes and has as good cushioning charac- 
teristics as polyether foam. 


A thixotropic polyester resin (Laminac 4102, American Cyana- 
mid Co.), with medium reactivity, is formulated specifically for 
hand lay-up applications where vertical and overhead surfaces 
are encountered. This resin is promoted for room-temperature 
cure; it will cure to a tack-free surface without the use of pro- 
tective cover sheets. It may be formulated for gel coating by the 
addition of 30 to 40% clay or carbonate fillers, suitable colorants, 
and the required catalyst. Boat hulls and decks, water tanks, 
swimming pools, and the coating of vertical or overhead sur- 
faces are a few typical uses of this resin. 


A new polyester (Laminac 4103, American Cyanamid Co.), with 
medium reactivity and medium viscosity, cures to a tough resil- 
ient resin. Impact values and other strength factors of glass mat 
laminates made with this polyester meet the requirements of a 
leading commercial specification for laminates for auto body con- 
struction. The favorable room-temperature cure characteristics 
indicate its usefulness in fabricating large structures, such as 
boats, auto bodies, and truck cabs. 
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| n the broad sense of the term, 
the field of “polyester resins” in- 
cludes many types of resinous 
condensation products and col- 
lectively represents the broadest 
and most rapidly expanding field 
in the plastics industry. The pos- 
sibilities for development of new 
products and uses are limitless. 

Raw materials now used, or of 
potential value in the manufac- 
ture of polyester resins, include a 
large number of diols such as 
propylene’ glycol, neo-pentyl 
glycol, polyols such as glycerol, 
pentaerythritol, trimethylolethane, 
and trimethylol propane. Dibasic 
acids also involved in the manu- 
facture of the resin include the 
three phthalic isomers, adipic, 
sebacic, maleic, fumaric, and 
itaconic acids. Monobasic acids 
and monohydric alcohols can be 
used as modifiers to control the 
solubility characteristics of the 
condensation products. 

The forms in which polyester 
resins are available and the uses 
to which they are put are many 
and varied. Saturated linear poly- 
esters, for example, can be used 
as film or fiber-forming materials, 
e.g., polyethylene terephthalate. 
The alkyd resins used in surface 
coatings are oil-modified, three- 
dimensional polyesters produced 
from dibasic acids and glycerol 
and other tri, tetra, or even more 
highly functional polyols. Linear 
polyesters containing ethylenic 
unsaturation form the basis of the 
resins used in reinforced plastics 
and also of the resins used in 
alkyd molding compounds. And 
any of these polyester types can 
be formulated for reaction with 
isocyanates to produce a poly- 
urethane. 

Sales of polyester resins for 
reinforced plastics in 1957 have 
been estimated at about 78 mil- 
lion lb. and production of alkyd 
resins including those for captive 
. Plastics and Resins Div., American Cyanamid 
Co., 30 Rockefeller Plaza, New York 20, N.Y 
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FORMULA 2: UNSATURATED LINEAR POLYESTER 
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FORMULA 3: CROSS-LINKAGE OF UNSATURATED 
LINEAR POLYESTER WITH STYRENE 


FORMULA 4: THREE=DIMENSIONAL 
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Polyethylene terephthalate 
films which cannot be 
cross-linked typify satu- 
rated linear polyesters 
(Formula 1). Unsaturated 
polyesters (Formula 2) can 
be cross-linked at _ the 
maleic unsaturation through 
reaction with vinyl mono- 
mers such as styrene (For- 
mula 3). If the three- 
dimensional polyester 
shown at left (Formula 4) 
were modified with some 
fatty-acid groups (not 
shown), it would be known 
as an alkyd 








use by the paint manufacturers 
probably approached 500,000,000 
pounds. Adding to these figures 
the usage of polyesters in other 
fields places these resins in the 
volume class as 


same vinyls, 


polyethylene, or polystyrene. 


Chemistry of polyesters 

1) Saturated linear polyesters: 
The composition of a _ polyester 
such as polyethylene terephthalate 
may be represented as shown in 
Formula 1, above. No cross-link- 
age is possible by normal pro- 
cedures since this linear chain is 
free from reactive points. 
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2) Unsaturated linear  poly- 
esters: See Formula 2, above. 

Cross-linkage can be effected 
at the unsaturation 
through reaction with a _ vinyl 
monomer such as styrene. The 
reaction is represented as shown 
in Formula 3, above. 

3) Three-dimensional polyes- 
ter: Formula 4, illustrated above, 
represents an alkyd resin from 
phthalic anhydride and glycerin, 
shown without oil modification. 

Cross-linkage is 


maleic 


effected 
through cross-esterification. 

4) Diallyl phthalate polyesters: 
Another type of cross-linked 


polyester is produced by poly- 
merization of unsaturated esters 
of saturated dibasic acids, for 
example, diallyl phthalate. One 
of the unsaturated ester groups 
can react with a corresponding 
group in another molecule tend- 
ing to produce a linear polyester, 
leaving the second unsaturated 
group free to form cross-linkages 
and thereby creating a_ three- 
dimensional structure. In con- 
trast to styrene cross-linked poly- 
esters, the polymerization can be 
arrested at a stage corresponding, 
in a sense, to the B-stage of a 
typical thermoset resin. Polymers 
in this form represent the basis of 
diallyl phthalate 
molding compounds. 


commercial 


Unsaturated polyesters 


Although all the products de- 
scribed above are basically poly- 
ester resins, this term is now more 
commonly used in a narrower 
sense to designate the resins used 
for reinforced plastics. 

The concept of cross-linking 
unsaturated polyesters with mon- 
omers such as styrene first ap- 
peared in patents issued a year 
or two before World War II. 
The first practical usage started 
around 1942 with the fabrication 
of fibrous glass cloth-reinforced 
shields for aircraft fuel-cells. 
Subsequently, many military ap- 
plications were developed, laying 
the foundation for a new industry 
—reinforced plastics. 

The basic linear polyester resin 
is produced by typical alkyd resin 
production methods, either by 
straight fusion or with the use of 
solvent for entrainment of the 
water of reaction. 

Maleic and phthalic anhydrides 
are the dibasic acid components 
generally used. A higher maleic 
content increases the resin reac- 
tivity and promotes rigidity at 
high temperatures, whereas in- 
creasing the phthalic anhydride 
gives a less exothermic resin with 
lower high-temperature rigidity. 
Linear dibasic acids, e.g., adipic 
acid, may be used to increase 
flexibility. 

A number of glycols are avail- 
able for selection according to the 
product characteristics required. 

After processing to the desired 
degree of esterification, the resin 
is cooled and dissolved in the re- 
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active monomer, usually styrene, 
although methylstyrene, diallyl 
phthalate, or methyl methacrylate 
are used in some formulations. 
Triallyl cyanurate can be used as 
the monomer to develop superior 
heat resistance in the end product. 

When properly inhibited to 
prevent premature gelation, the 
solutions are stable enough at or- 
dinary temperatures for all prac- 
tical purposes. Generally, how- 
ever, material to be stored in 
tanks, tank cars, or drums for 
prolonged periods should be pro- 
tected from direct sunlight, heat 
radiation, or overheated ware- 
houses. Stored under refrigera- 
tion, polyester resins can be stable 
for years. Inhibitors are usually 
polyhydric phenols such as hy- 
droquinone or tertiary butyl hy- 
droquinone. 

Cure is initiated by the addition 
of a catalyst, usually an organic 
peroxide or hydroperoxide. Acti- 
vators or accelerators are often 
used to promote the cross-linking 
reaction, so that cure can be 
effected at room temperature, or 
short times obtained at higher 
temperatures. The most common 
promoter is cobalt naphthenate, 
but many other materials can be 
used, including alkyl mercaptans 
and dialkyl aromatic amines. 

The proper balance of inhibitor 
in the resin as shipped, and cat- 
alyst and promoter usage, repre- 
sent much of the art of formu- 
lating polyester resin for specific 
application requirements. These 
factors control initial resin stabil- 
ity, catalyzed pot life, set time, 
and the time for cure to a rigid 
structure. 

Cure proceeds in two distinct 
stages. The first stage, the forma- 
tion of a soft gel, may take place 
in a few minutes or may require 
several hours, depending on tem- 
perature and on the inhibitor- 
catalyst-promoter balance. Imme- 
diately following gelation, the 
cure is rapidly propagated with 
considerable evolution of heat, 
which in a large mass of resin or 
under adiabatic conditions may 
carry the temperature to 400 to 
500° F. 

Complete cure can be obtained 
with no liberation of volatile ma- 
terials. 

Table I, right, gives some typi- 
cal values of physical and elec- 
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trical properties of clear, cast 
rigid polyester resins. 


Reinforced polyester resins 


The primary field for the use of 
unsaturated polyester resins is the 
production of reinforced plastics. 
Fibrous glass is the most favored 
reinforcement although other ma- 
terials such as sisal fiber and 
asbestos are used. Available glass 
forms for reinforcement include 
woven glass fabric, glass mat, or 
preforms made from 
strands. 

Glass mat is composed of 
chopped strands of glass fiber as- 
sembled in random order into a 
thin layer and bonded with 2 to 
5% of binder resin, which, when 
cured, will hold the fibers in 
place during handling. Several 
types of binder are available 
since the various fabricating 
methods require somewhat differ- 
ent properties in the mat binder. 
The use of preforms has been ad- 
vanced to an important technique 
and several preform machines 
are now available. (See “Pre- 
forming Fibrous Glass,” p. 526. 


chopped 


Fabrication methods 


Polyester resins are used to 
fabricate structures ranging in 
size from small electrical compo- 
nents to large boat hulls weighing 
many tons. Molding pressures are 
not critical, ranging from contact 
pressure to several hundred p.s.i. 

Many fabricating techniques 
can be used, although most pro- 
duction today is either hand lay- 
up or matched die molding of 
preforms or premix molding com- 


Research on _ reinforced 
polyesters for missiles is 
expected to stimulate com- 
mercial uses. (Photo, Amer- 
ican Cyanamid) 


pound. The pros and cons of the 
various techniques are summar- 
ized Table II, p. 144. 

Typical physical strength char- 
acteristics of glass cloth and mat 
laminates are shown in Table III, 
p. 145. 


Premix molding 

Rapidly expanding in industrial 
importance, premix molding is a 
method for producing reinforced 
plastics parts at high production 
rates from relatively low-cost 
molding material. Low cost is ob- 
tained through a high filler con- 
tent. Polyester resin, reinforce- 
ment (glass, sisal, or other fibrous 
material), filler, and catalyst are 
mixed in a blender or dough 
mixer operated at low enough 
speed to minimize fiber breakage; 





TABLE |: Properties of clear, cast polyester resins 





Specific gravity 
Hardness—Barcol 

Rockwell—M scale 
Tensile strength, at 25° C., p.s.i. 
Flexural strength, at 25° C., p.s.i. 


Flexural modulus, at 25° C. * 10°, p.s.i. 


Compressive strength, p.s.i. 
Heat distortion point, °C. (A.S.T.M.) 


Water absorption, 24 hr., at 25° C., % 


Dielectric strength 
Short-time test at 25° C., v./mil 
Step-by-step test at 25° C., v./mil 
Dielectric constant at 60 cycles 
at 10° cycles 
Dissipation factor at 60 cycles 
at 10° cycles 














TABLE II: Reinforced plastics fabricating techniques 





Open mold 


Bag molding 
(various 
techniques) 


Matched-metal 


die molding 


Continuous 
laminating 


General procedure 





Impregnation of cloth or mat 
with resin by spray or brush 
using an open male or female 
mold. The assembly gels and 
hardens at room temperature, 
but full cure and best physi- 
cal properties are developed 
by baking after the assembly 
has hardened. 


The resin-reinforcement as- 
sembly is covered with a bag 
or film which is clamped to 
the mold to provide a pres- 
sure tight seal. Vacuum ap- 
plied to the underside of bag 
develops atmospheric pres- 
sure on surface or pressure 
is applied direct through use 
of a cover plate or autoclave. 
Heating effected by steam or 
radiant heat. 


Compression molding tech- 
nique using tailored glass 
fiber mat or preforms. 


Web or fabric roll is contin- 
uously saturated with resin 
and several sheets combined 
by passing between squeeze 
rolls. Cellophane is generally 
used as a cover sheet. Cure 
may be accomplished con- 
tinuously by passage through 


Advantages 


Possibility of al- 
most infinite vari- 
ety of structures. 
Low equipment 
cost. 


Similar flexibility 
in design to above. 
Lower resin con- 
tent in finished 
piece. Improved 
surface appear- 
ance. Cure and 
production cycles 
faster than ob- 
tainable by open 
mold technique. 


Development of 
maximum strength 
properties. Fast 
production cycles. 
Finished piece has 
smooth polished 
surfaces. Precision 
molding to small 
dimensional toler- 
ances. 


High speed, low- 
cost production. 


Disadvantages 


High resin content 
prevents develop- 
ment of maximum 
benefit of glass re- 
inforcement. Rela- 
tively high pro- 
duction cost. 


Production cycles 
although _ shorter 
than above are 
still long enough 
to give high pro- 
duction costs. Con- 
siderable hand la- 
bor involved. Cost 
of perishable bag 
materials. 


High mold cost. 
Design limitations 
(i.e., use not prac- 
ticable with many 
large structures). 


High equipment 
cost. Design lim- 
ited to thin, flat 
or corrugated 
sheets. 


Typical 
applications 


Fabrication of large 
structures such as boat 
hulls, tanks, large boxes, 
huts, etc. 


Same as above but rec- 
ommended for better- 
quality moldings, par- 
ticularly for boat hulls, 
auto bodies, radomes, 
storage tanks, etc.; in 
general, parts which are 
too large or complex in 
design for matched die 
molding. Short-run cus- 
tom jobs. 


Extremely broad, e.g., 
chairs, tackle boxes, 
trays, sports car bodies, 
radar housings, juice 
dispensers, lamp-shades, 
etc. 


Translucent, plain or 
colored sheet stock for 
skylights, office and dec- 
orative fluorescent light 
housings, paneling, fac- 
tory glazing, etc. 


an oven, 





special resins may be used to 
formulate fire-resistant com- 
pounds. The product varies in 
consistency and appearance from 
putty-like “gunk” to a relatively 
dry magma. Positive or semi- 
positive molds should be used in 
preference to the flash type. 
Molding temperatures can run as 
high as 300° F. although 260° to 
285° F. is the preferred range in 
most cases, Pressures used vary 
from 400 to 500 p.s.i. up to 1500 
p.s.i. Cure times from 45 sec. to 5 
min. can be expected, depending 
on temperature and many other 
factors such as catalyst concen- 
tration, size, and design of part. 

Transfer molding techniques 
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can be used, but precautions must 
be taken to prevent overheating 
in the transfer cylinder. Gates and 
runners should be large to mini- 
mize fiber breakage. 

Although strength is sacrificed 
in comparison with material made 
by the methods listed in Table II, 
parts are still much stronger than 
many conventional plastics parts 
and have proved valuable in many 
fields. Typical applications are 
electrical components, auto air- 
conditioning, and heating ducts. 


Alkyd molding compounds 
Materials classified as alkyd 

molding compounds are closely 

related to the polyester premix 


molding compounds, but contain 
no highly volatile monomer; with 
reasonable precautions they usu- 
ally can be transported, stored, 
and handled in the same manner 
as conventional thermosetting 
molding compounds. 
Fine-particle fillers can be used 
to compound free-flowing granu- 
lar materials for use in the mold- 
ing of small parts, particularly 
radio and television components 
and small switch gear. Fibrous 
glass and other fibrous fillers are 
used in the compounds for the 
molding of larger, heavy-duty 
parts such as circuit breakers. 
Putty-like materials with excep- 
tionally free flow are available 
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for the molding of complex 
shapes, particularly where mold- 
ing around inserts is a problem. 

Alkyd molding compounds are 
characterized in their molding be- 
havior by at least three highly 


TABLE Ill: Characteristics of polyester-glass cloth and mat laminates 





34 oz. mat laminate 
ly in. thick, resin 65% 


12-ply glass cloth 
ECC 181-136, resin 40% 


Tensile strength, p.s.i. 


12.500 47.500 

significant features: Flexural strength, psi. 24000 54000 
1) No liberation of volatiles Flexural modulus, p.s.i. 0.79 X 10° 3 x 10° 
dusting the cute. Impact strength, notched Izod 14 18 
Heat distortion temp., °C. 300 300 

2) Extremely free flow of the Rockwell hardness, M scale 105 105 
resin binder. Water absorption, 24 hr., 25° C. 0.40 0.45 


3) Fast cure at molding tem- 
peratures. 

As a result of this behavior, 
a straight mold close without 
“breathes” is used. Free initial 
flow indicates the use of positive 
or semipositive molds rather 
than the flash types. Complete 
cure can be effected at recom- 
mended molding temperatures in 
periods as short as 15 sec. for 
small parts with thin cross-sec- 
tions; molding pressures can be 
as low as 500 p.s.i. for general- 
purpose material and up to 2,000 
p.s.i. for the impact grades. A 
typical molding temperature is 
300° F. 


Alkyd surface coatings 


Alkyd resins are _ essentially 
three-dimensional polyesters pro- 
duced mainly from phthalic anhy- 
dride. Before the war, the polyol 
component was almost exclusive- 
ly glycerine, but at the present 
time other polyols such as pen- 
taerythritol are widely used. 

Modification of the resin com- 
plex is mecessary to develop 
solvent-soluble resins with a 
minimum of unreacted acid or 
hydroxyl groups. Fatty acids are 
predominantly used for this pur- 
pose, the ratio of fatty acid modi- 
fier and its composition determin- 
ing the characteristics of the 
alkyd resin obtained. The fatty 
acid can be introduced as such, or 
the corresponding oil reacted with 
a polyol to form a mono-ester, 
which is then reacted with 
phthalic anhydride to obtain the 
finished resin, an “oil-modified 
alkyd.” Varnish terminology is 
still used to indicate the degree of 
oil modification. Resins containing 
less than 45% oil acids are desig- 
nated short-alkyds. Medium-oil 
length alkyds average about 50% 
oil-acids, and those with over 
60% oil are long-oil types. 

Solubility increases with oil 
length. Aromatic solvents such as 
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toluol or xylol are required for 
the short-oil resins, whereas weak 
aliphatic thinner is suitable for 
the long-oil types. 

Oil-modified alkyd resins are 
now the workhorses of the paint 
and varnish industry. Upwards of 
150 million lb. of phthalic an- 
hydride is used annually to pro- 
duce a total of about 500 million 
lb. of alkyd resin, solids basis. 
Many variations are available. 

Characterized by rapid drying, 
good adhesion, and a high degree 
of exterior durability, the resins 
are used in the production of a 
wide variety of air-drying finishes 
for exterior and interior applica- 
tion, and industrial baking enamels 
for automobiles, trucks, industrial 
equipment, and domestic appli- 
ances of all kinds. They can be 
used as the sole vehicle in many 
of these finishes, although the 
baking enamel vehicles are usu- 
ally fortified with a urea or mela- 
mine resin for increased hardness, 
marproofness, and solvent and 
grease resistance. Alkyd resins 


are almost essential in the formu- 
lation of adherent, durable nitro- 
cellulose lacquers. 

The oil acids used as modifiers 
can be nondrying, semidrying, or 
drying types. (See Table IV, p. 
146.) The variety of formulations 
available to industry is extremely 
broad. Used as the sole binder or 
modified with other resins, alkyd 
resin end uses include almost 
every conceivable finish. 


Styrenated alkyds 


Many alkyd resin compositions 
can be reacted with styrene or 
other reactive monomer to give 
resin complexes with extremely 
fast drying properties, in some 
cases approaching the drying 
speed of lacquers. High-gloss en- 
amels can be formulated. 


Polyurethane resins 

A new and increasingly impor- 
tant use of polyesters is their re- 
action with isocyanates to produce 
polyurethanes. 

Since both the isocyanates and 


Corrugated panels of glass-reinforced polyester are used as trans- 
lucent, fire-retardant canopy over gas pumps. (Photo, Hooker) 

















TABLE IV: Types of alkyd surface coating resins 





Type Modifying oil-acid 


Nondrying 


Semidrying Soya, safflower, 


fractionated cottonseed 


Drying Dehydrated castor, 


linseed, tung oil 


Coconut (lauric) castor 


Applications 


Nitrocellulose lacquer resins; 
with ureas and melamines for 
nonyellowing white and pastel 
appliance finishes; with mela- 
mines for exterior enamels with 
maximum durability and gloss 
retention. 


Short- to medium-oil length 
alkyds for baking’ enamels, 
usually fortified with ureas and 
melamines but can be used 
alone. Medium-oil length alkyds 
for air-dry or baked finishes. 
Alkyds for interior flat wall- 
paints. Architectural gloss en- 
amels. Fortified with dehydrated 
castor or tung oil in medium- 
long-oil alkyds for brush or 
spray air-dry finishes for appli- 
cations such as auto and truck 
refinishing, pump enamels, and 
machinery finishes. 


Applications similar to the 
above but more suitable for ex- 
terior brushing enamels with 
fast dry, gloss retention, and re- 
sistance to dirt pickup. 





the hydroxy compounds can be 
mono, di, tri, or poly functional, 
the number of possible condensa- 
tion products is extremely large. 
Diisocyanates and diols form 
linear polyurethanes, triols and di 
or poly isocyanates form cross- 
linked resin molecules. 

The most important industrial 
uses at present are in the pro- 


Aircraft components and 
industrial parts represent 
big market for reinforced 
polyesters. (Photo, Lunn) 


duction of flexible and _ rigid 
foams. Here a variety of pro- 
cedures is theoretically possible. 
For example, starting with a 
linear polyurethane obtained by 
isocyanate extension of a poly- 
ester and using excess isocyanate, 
cross-linkage can be brought 
about. For foam applications, 
trace quantities of water are 
added which liberate carbon di- 
oxide by reaction with isocyanate. 
Carbon dioxide can be liberated 
also through a reaction of the iso- 
cyanate with a carboxyl group. 

Surface coating systems can be 
made from isocyanates and resins 
containing free OH groups. These 
finishes have fast hardening prop- 
erties, toughness, flexibility, ad- 
hesion, and exceptional chemical 
and solvent resistance. 

At present, the main factor lim- 
iting the industrial growth of 
polyurethanes is the relatively 
high cost of the isocyanates. 
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Protein Plastics: Zein, Casein 


Po vcins belong to the category 
of high polymeric materials. Inas- 
much as there are some 20 alpha- 
amino acids known to be constitu- 
ents of proteins, there are that 
many possible monomers, the 
alpha-amino and adjacent car- 
boxyl groups, which form the 
backbone of the polymers, while 
the other groups form the side 
chains. These side-chain groups 
include amino, amide, carboxy, 
aliphatic hydroxy, phenolic, 
guanidyl, indole, imidazole, thiol, 
and disulfide. They are appar- 
ently spaced regularly along the 
chains and vary greatly in 
amounts in the different proteins. 
These are the reactive parts of 
protein molecules and are re- 
sponsible for fundamental differ- 
ences between proteins and for 
the extreme complexity of these 
natural polyamides. 

The fibrous proteins (keratins, 
such as horn, tortoise shell, hoofs, 
claws, hair, and feathers) resist 
solution and deformation by heat. 
The globular proteins (casein, 
soybean, and zein) readily dis- 
solve and are thermoplastic. 

Potentially low-cost proteins 
include soybean, zein, peanut pro- 
tein, and keratins. Molding pow- 
ders can be made from the reac- 
tion product of keratin-contain- 
ing horn powder, urea, and for- 
maldehyde. Peanut protein has 
suitable characteristics for use as 
glue. Soybean and peanut proteins 
are used as extenders of phenolic 
resin in plywood. 


ZEIN 


BY D. M. RATHMANN* 


Zein belongs to the class of 
aqueous alcohol-soluble proteins 
known as prolamines. Although 
first isolated from corn in 1821, 
zein did not become commercially 
available until 1939. Applications 
since that date have taken advan- 
tage of its solubility in organic 
solvents and its film- and fiber- 
forming characteristics. 

Like all proteins, zein is a 
< Corn, Products Refining Co., 17 Battery Pl., 


New York, N 
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naturally-occurring high polymer 
composed of amino acid groups 
united by peptide linkages. The 
high proportion of acidic, amide, 
and nonpolar side chains accounts 
for its solubility in many organic 
solvents. 

Zein is a product of the corn 
wet-milling industry. Gluten, 
which contains most of the pro- 
tein in the corn kernel, is sepa- 
rated from the starch and other 
constituents. Zein is then ex- 
tracted from the gluten with or- 
ganic solvents. 


Processing and fabricating 


Solutions of zein in organic sol- 
vents or aqueous systems are 
adaptable to a wide range of coat- 
ing, film, and fiber applications. 
As a general rule, a solvent for 
zein must contain at least one 
functional group of the type hy- 
droxyl, carboxyl, amide, or amine. 
Zein is unique among the indus- 
trially available proteins in being 
soluble in methanol, in aqueous 
ethyl and isopropyl alcohols, and 
in the lower-molecular-weight 
glycols and glycol-ethers. 

Secondary solvents, which will 
not dissolve zein but which en- 
hance its solubility in a primary 
solvent, include lower ketones, 
aliphatic esters, chlorinated hy- 
drocarbons, and the higher glycol- 
ethers. These materials are partic- 
ularly useful because they permit 
modification of such properties of 
zein solutions as evaporation rate 
or viscosity; they also promote 
the compatibility of various resins 
and plasticizers. Alcoholic solu- 
tions of zein tolerate limited 
amounts of diluents, e.g., toluene, 
xylene, benzene, and naphthas. 

Zein is insoluble in water but is 
readily soluble in aqueous alkalies 
at a pH of 9.5 to 11. Zein, unlike 
many other proteins, is not dis- 
persed by weak alkalies such as 
ammonia or borax. Dilute aque- 
ous solutions of strong alkalies 
dissolve zein but concentrated 
solutions do not. Useful aqueous 
systems are formed with am- 
monium or sodium _resinates. 
Various synthetic detergents, such 
as the sodium alkyl aryl sulfo- 


nates, produce neutral aqueous 
solutions of zein having good film- 
forming properties. Methods have 
been developed for the prepara- 
tion of emulsions that are neutral, 
stable water systems having high 
solids content and water-thin 
viscosity. Films prepared from 
these emulsions are comparable 
to those made from organic solu- 
tions. 

Plasticizers for zein composi- 
tions include higher glycols, sul- 
fonamides, fatty acids, 
esters, and amines. 

Fusion made by 
blending zein with natural or 
synthetic resins and plasticizers. 
As in the case of solvents and 
plasticizers, resins containing 
highly polar groups and a proper 
balance between polar groups and 
hydrocarbon residues are fully 
compatible with zein. Particularly 
useful are rosin, modified rosins, 
such as polymerized, hydrogen- 
ated, or dibasic acid modified 
rosin, terpene-phenolic resins, 
and alpha-pinene resins. Many 
materials that may be classified 
as incompatible have been incor- 
porated into zein systems by the 
use of mutual solvents, plastici- 
zers, and resins. 

Increased tensile strength, 
greater toughness, and higher 
water resistance are imparted to 
zein compositions by curing with 
formaldehyde. Because few pri- 
mary amino groups occur in the 


amides, 


resins are 


zein molecule, reaction with for- 
maldehyde proceeds at a slower 
rate than in the case of proteins 
containing these groups. Curing 
is accelerated by catalysts such 
as strong mineral acids or their 
ammonium salts, and by heat 
above 70° C. 


Properties 


Zein is the only industrially 
available protein soluble in or- 
ganic solvents. This property 
gives the material many fields of 
application not open to other pro- 
teins. Zein is compatible with a 
wide range of natural and syn- 
thetic resins and plasticizers. In 
addition, it is soluble in dilute 
aqueous solutions of strong alka- 
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General properties of zein 


Molecular weight about 25,000 
Specific gravity (at 25° C.) 1.25 
Isoelectric point 6.2 
4.9-5.0 
C.) 180-200 


Dielectric constant 
Decomposition point ( 





lies, and is dispersed by various 
resinates and synthetic deter- 
gents. 

Unlike other proteins, 
zein is highly resistant to micro- 
bial attack. Films and coatings 
are tough, glossy, scuff-resistant, 
Fibers have 
wool-like properties, high tensile 
strength, and notable resistance 
to acids, 


most 


and_ greaseproof. 


alkalies, and organic 
solvents. 


Applications 

Vicara brand textile fiber is 
produced from aqueous alkaline 
solutions of zein by extrusion into 
acidic-salt hardening bath and 
curing with formaldehyde. Prop- 
erties are described in the Fibers 
Chart, p. 618. 

Composition cork is produced 
by mixing cork granules with a 
solution of zein and formaldehyde 
in a glycol-type solvent. By ap- 
plication of pressure and heat, 
the zein is cured and set to a 
water-resistant binder. This com- 
position cork is suitable for use 
in gasket sheets and bottle cap 
liners; it has excellent flexibility, 
compressibility, water resistance, 
and oil resistance. 

Alcoholic solutions of zein and 
a compatible resin are particu- 
larly adapted to use as label and 
overprint which are 
tough, glossy, and scuff-resistant 

Highly grease-resistant and 
greaseproof coatings can be ap- 
plied to paper and paperboard 
from solutions of zein. The zein 
emulsions are particularly suit- 


varnishes 


able for the preparation of grease- 
resistant coatings on paperboard 
and avoid objections to the use of 
organic solvent systems. 

Vehicles for various types of 
printing inks consist of zein (alone 
or modified with resins) dis- 
solved in glycols or alcohol. Zein 
is used in a wide variety of both 
flexugraphic and moisture-set 
inks to which it imparts the de- 
sirable 


solvent 


characteristics of rapid 


release, hot and cold 
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scuff resistance, grease resistance, 
and hardness. The _incorpo- 
ration of wetting agents into the 
vehicle during milling of the pig- 
ment greatly increases stability 
of flexographic inks. 

Fusion resins, made by blend- 
ing zein with resins and plasti- 
cizers, may be ground to powders 
and dissolved in solvents to give 
coating solutions or mixed with 
fillers to form molding powders. 


CASEIN 


Formaldehyde-hardened casein 
plastics were developed in Europe 
and their manufacture began 
there about 1900. Commercial de- 
velopment in this country did not 
get under way until after the 
original patents had expired. The 
basic patents covering the pro- 
duction of a_ tough, insoluble 
horn-like mass from casein by the 
action upon it of formaldehyde 
were taken out by two Germans, 
Krische and Spitteler, in 1900." 

Formaldehyde is the only agent 
which has as yet been economi- 
cally successful in transforming 
casein into usable plastics. It is 
more accurate, therefore, to use 
the term  casein-formaldehyde 
plastics than to call them casein 
plastics. Reaction with formalde- 
hyde undoubtedly takes place 
through the polyamide groups and 
results in a cross-linked polymer. 

Casein also reacts with alumi- 
num salts in water solution to 
produce a stiffer, more stable 
material than casein itself. The 
casein-alum, unlike the casein- 
formaldehyde, is thermoplastic, 
hence may be extruded or molded 
with heat and pressure. Immer- 
sion in water breaks down the 
complex, leaches out the alum, 
and leaves the criginal casein. 

Casein can be modified by 
acetic, propionic, and n-butyric 
anhydrides to produce deriva- 
tives that can be molded into 
articles having greater resistance 
to water. However, this reduction 
in water uptake is not entirely 
beneficial, since it is accompanied 
by a decrease in the strength 
of molded casein articles. 





Manufacture 


Conventional 
volves 


processing in- 
mixing ground rennet 


U.S. Patent 646.844: German Patent 127,942 


casein with water, dyes, and pig- 
ments; further processing in a 
screw extruder; extrusion as rods, 
tubes, or ribbons; hardening by 
immersion in a 5% formaldehyde 
solution for periods varying from 
a few days to several months (de- 
pending upon the dimensions of 
the piece); and drying. The cured 
plastic can be shaped somewhat 
with heat and pressure, and can 
be fabricated into a variety of end 
products. 

Casein-formaldehyde plastics 
have generally good impact 
strength, some elasticity, and 
properties characteristic of ther- 
mosetting materials. A wide range 
of color effects is possible. Hy- 
groscopicity and dimensional in- 
stability, however, have been 
limiting factors to their extensive 
application. 


Forms available 

Casein plastics are available in 
sheets approximately 16 by 20 in. 
by 2, 3, 4, and 6 mm. in thickness; 
other thicknesses up to 12 mm. 
are made to order. Standard size 
rods are approximately 41 in. 
long in diameters from ¥ to %4 
in. inclusive. Rods smaller than 
1g-in. diameter are ground to size. 
Tubes are made to order in diam- 
eters up to 1 in. with bores of 
various diameters. Disks are 
available in any desired size from 
3g to 214 in. in diameter, varying 
from 2 to 8 mm. in thickness. 

Special forms include button 
blanks, loops, rings, buckles, 
beads, game counters, and push- 
buttons, as well as handles and 
the like. 
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Silicones 


BY T. A. KAUPPI* 


S icone: are a class of engi- 


neering materials characterized 
by an unusual combination of 
properties. 

Already, they have helped solve 
many problems in design, in pro- 
duction, and in maintenance. They 
have possible design 
previously impractical; 
increased the reliability and oper- 
ating temperature span of a vari- 
ety of parts and components; and 
reduced the maintenance required 
in order to be able to operate 
production lines on_ profitable 


made 
changes 


schedules. 


Chemistry 

Chemically, silicones are semi- 
inorganic polymers—organopoly- 
siloxanes. The term “silicone” is 
generic. It groups, as a class, all 
organopolysiloxanes, but it may 
also include such materials as sil- 
carbanes and silazanes. 

Organopolysiloxanes are made 
up of a molecular skeleton of 
silicon-oxygen linkages, with or- 
ganic groups completing § the 
molecule. Structurally, organ- 
opolysiloxanes may be linear or 
cross-linked. 

The degree of cross-linking and 
the type of organic groups in the 
molecule determine, to a large ex- 
tent, the physical form of the fin- 
ished _ silicone. Dependent on 
structure and composition, there- 
fore, a silicone may have a physi- 
cal form which is fluid, or it may 
be in a resinous form, or it may 
even be elastomeric. 

The silicones, due to the bond 
energy of their silicon-to-oxygen 
backbone, are held together with a 
force 11% times that of the carbon- 
to-carbon linkage of organic ma- 
terials. As a result, silicones show 
excellent resistance to the effects 
f heat, oxidation, and weather- 
ng. Their structure and composi- 
tion make silicones water repel- 


ent, incompatible with most 
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organic polymers, notably indif- 
ferent to temperature variation, 
and resistant to electrical break- 
down. 


Types of products 

Silicones can be produced in 
such physical forms as _ fluids, 
resins, and elastomers. And just 
as these can be chemically tail- 
ored to have different properties, 
though the physical form may be 
similar, the respective materials 
can be further processed or com- 
pounded to yield a variety of 
products that meet unusual re- 
quirements and are adaptable to 
applications too severe for organic 
materials. 

The fluids are mixed with inert 
fillers, or combined with stable 
soaps, to yield damping media or 
grease-like dielectric compounds, 
defoamers, mold lubricants, and 
ball-bearing greases. The resins 
are milled with suitable pigments 
in formulating paints and enam- 
els; with inert fillers for molding; 
with foaming agents to produce 
foamed structures; or they may be 
used as bonding resins for making 
laminates. The elastomers are 
compounded with vulcanizing 
agents and fillers to yield a variety 
of silicone rubbers for fabricating 
industrial and military parts or 
components, electrical insulation, 
wire, and cable. 


Applications of silicones 
their basic 
properties at elevated 


Silicones retain 
physical 
temperatures, yet are serviceable 
at very low temperatures. They 
are highly resistant to oxidation 
and weathering, and to the corro- 
sive action of many chemcials and 
gases. Most silicones are water 
repellent and possess excellent 
dielectric properties. Although 
most silicones show “abhesive” 
characteristics, some exhibit ex- 
cellent adhesiveness and retain 
adhesive properties over a very 
wide temperature range. 

To deal more specifically with 


silicone products of interest to the 
plastics industry, the following 
sections describe applications of 
silicones and cite the properties 
that make silicones particularly 
effective in the respective applica- 
tions. 


As laminating resins 

Silicone laminating resins are 
used to produce heat-stable glass 
cloth laminates for structural and 
electrical applications. They are 
also used to make asbestos cloth 
laminates, and to bond finely 
divided powders such as silica, 
carbon, and mica. 

Silicone laminating resins are 
available for both low-pressure 
and high-pressure techniques. 
Laminates are produced for vari- 
ous uses by combining the type of 
resin and the type of cloth best 
suited to the requirements of the 
specific application. 

In general, silicone-glass lami- 
inates are used to produce parts 
and components that have a high 
order of heat stability, excellent 
dielectric properties over a wide 
frequency range, superior arc re- 
sistance, and low water absorp- 
tion. In service at high tempera- 
tures, silicone-glass laminates 
higher strength-to- 
weight ratio than do many light 
metals. ’ 

Low-pressure laminates have 
flexural strengths of 30,000 to 
50,000 p.s.i. at room temperatures, 
15,000 to 20,000 p.s.i. at 500° F.; 
dissipation factor, after 24 hr. im- 
mersion in water, is in the range 
of 0.008 at 10° cycles. 

High-pressure laminates retain 
dielectric strength of 400 v./mil 
after 5000 hr. at 500° F., and a 
dissipation factor of 0.0044 at 10 
cycles after 24 hr. immersion in 
water. Flexural strength at room 
temperature is in the range of 
24,000 p.s.i.; at 500° F., about 
4500 p.s.i. 

Typical industrial applications 
for silicone-glass laminates in- 
clude coil forms and _ bobbins, 
generator and transformer insu- 
lation, switch spacers, and termi- 
nal boards and strips, as well as 
slot wedges. 


retain a 


As molding compounds 
Silicone resins compounded 
with suitable fibers and fillers are 


adaptable to compression or 
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A new thermal insulation (Camco 400, Cessna Aircraft) for air- 
craft ductwork is made up of asbestos “shorts” mixed with sili- 
cone adhesive (Dow Corning C-271). The asbestos-silicone com- 
bination can easily be sprayed or brushed onto almost any plastic 
or metallic surface, and will set up and cure at room tempera- 
ture. The cured film has excellent appearance and sound-dead- 
ening properties, and is very resistant to vibration and abrasion. 


A new silicone resin (XR-70, Union Carbide Corp.), for elec- 
trical insulation applications, is designed for equipment operating 
at 180° C. (Class H). It is 100% reactive, eliminating the need 
for a solvent removal step during cure. This, in turn, makes pos- 
sible thick sections of void-free, corona-resistant, high-tempera- 
ture insulation. Its low viscosity provides deep penetration and 
thorough impregnation of intricate windings and coils of power 
equipment and electronic components. 


Two new silicone rubber room-temperature vulcanizing com- 
pounds (RTV, General Electric, Silicone Products Dept.) have 
been made available. Capable of being poured or spread in place, 
these materials can fulfill a wide variety of caulking, sealing, 
patching, encapsulating, and potting applications on airframes, 
missiles, and the various components used in and on them. Al- 
though these compounds do not require the heat cure ordinarily 
used for silicone rubber, they possess much of the long-term 
heat resistance, low-temperature flexibility, and other properties 
unique to silicone rubber. One compound (81774) is supplied in 
10,000 to 15,000 poises and is best suited for application by 
spreading or caulking gun. The second compound (81813) is much 
more fluid at 600 to 800 poises and can be poured in place. 


A silicone resin (R-7141, Dow Corning Corp.) for bonding low- 
pressure structural laminates provides high strength at elevated 
temperatures, good thermal stability, and low dielectric losses. 
Applications include aircraft and missile parts. 


A new resin-emulsion adhesive (Glastack-9499, Paisley Prod- 
ucts, Inc.) for labeling silicone-treated bottles, penetrates the 
silicone layer to bond to the glass surface underneath. 


Three new silicone resins (Harwick Standard Chemical Co.) can 
be applied to any surface by brush, dip, or spray. One (SR-53) 
imparts water repellency; another (SR-98) is suggested for high- 
temperature strength; the third (Dri-film 103) imparts water 
repellency to surfaces. 


A new organo-functional silicone chemical (Syl-Kem 90, Dow 
Corning Corp.) is an epoxy-silicone combination with an epoxy 
group on each end of the molecule. The epoxy groups undergo 
the typical reactions of glycidal ethers, making it possible to at- 
tach it to a wide variety of chemicals. It can be used as a resin 
intermediate or as a resin modifier to improve toughness, heat 
resistance, flexibility, weather resistance, and electricals. 


Parts fabricated from a fusible silicone rubber compound 
(K-1605R, Silicones Div., Union Carbide Corp.) have pressure- 
sensitive surfaces that adhere to themselves or to other silicone 
rubbers. The adhesive quality is built into the compound without 
sacrificing ease of processing or other properties. 





transfer molding methods. Molded 
parts for mechanical or electri- 
cal applications are heat-stable, 
retain high strength, and are ex- 
cellent dielectrics for high-tem- 
perature service. 

In general, parts made of sili- 
cone molding compound have a 
heat distortion temperature above 
950° F.; flexural strength is in the 
range of 14,000 p.s.i. at room tem- 
perature, 5000 p.s.i. at 400° F.; 
arc resistance is in the range of 
220 sec.; water absorption is about 
0.1% after an immersion period 
of 24 hours. 

Parts molded of silicone mold- 
ing compound include heat dams 
for jet engine afterburners; air- 
craft brake shoe barriers; coaxial 
cable splicers; parts for aircraft 
ignition systems and for guided 
missiles; connector plugs; and 
terminal boards or strips. They 
are also going into specialized ap- 
plications as replacement for cer- 
tain metal parts where retention 
of high strength at elevated tem- 
peratures is an essential require- 
ment. 


As foamed structures 


Ready-to-use silicone powders 
are available that expand on heat- 
ing to produce rigid, low-density 
foam. 

Silicone foam is a heat-stable, 
nonflammable thermal insulation. 
It also retains good dielectric 
properties. It can, therefore, be 
used to cushion delicate instru- 
ments and equipment, and serves 
as lightweight structural fill for 
certain aircraft and missile com- 
ponents. 

Silicone foam can be foamed- 
in-place or cast in sheets or 
blocks, and can be machined, cut, 
or carved with conventional 
woodworking tools. (See Foamed 
Silicones, p. 351.) 


As protective coating 


Paints and enamels formulated 
with silicone resins include baking 
enamels, air-dry finishes, and 
maintenance paints. 

Silicone protective coatings 
span the gap between vitreous 
enamels and organic finishes. 
They provide excellent protection 
for metal surfaces exposed to 
heat, weathering, and corrosion. 

Silicone paints and enamels are 
formulated from both unmodified 
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and modified silicone resins, de- 
pending on the characteristic fea- 
tures required in the finish. 

Silicone intermediates are also 
available. These enable paint for- 
mulators to adapt their know-how 
in coupling an organic material 
with the silicone to produce a 
finish that best meets the require- 
ments of the application. 


As paint additives 

The unusual characteristics of 
silicones enable them to impart 
certain properties to paints and 
finishes. Added to paints at very 
low concentrations, certain sili- 
cones prevent floating, . increase 
mar resistance and slip, and im- 
prove pigment wetting. Others are 
added to reduce cratering and 
improve flow-out or wetting 
characteristics. Still another 
makes it possible to create ham- 
mer finishes from most organic 
paint resins. 

Silicones are added to plastics 
at low concentrations to increase 
water repellency, prevent hazing, 
and improve adhesion. 


As ABhesives 


Many silicones are chemically 
antisocial—are incompatible with 
most organic polymers. As a re- 
sult, silicones are widely and ef- 
fectively used as release materials 
or parting agents for plastics, 
rubber, glass, and metal castings. 

The properties of silicone re- 
lease agents approach the ideal. 
In addition to the excellent re- 
lease they provide, silicones are 
heat-stable, oxidation-resistant, 
and virtually nonvolatile; they do 
not decompose to form carbona- 
ceous build-up on molds or dies. 

Silicone release 
available in several forms: as 
mold release fluid, as emulsions, 
as solvent solutions; as grease- 
like compounds; and as resin- 
ous semipermanent mold-coating 
treatments. All of these can be 
applied so as to give multiple re- 
lease but, except for the semi- 
ermanent mold coatings, they are 
zenerally applied at each molding 
ycle at very low concentrations. 

In releasing parts to be painted 
r plated, precaution must be 


agents are 


taken to avoid excessive applica- 
ion of silicone to the mold. In 


ome cases, sufficient release 


gent might transfer onto the part 
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to cause difficulty in subsequent 
painting or plating. In such appli- 
cations, the use of silicone release 
agent should be _ thoroughly 
tested, including carrying the 
manufacturing process through 
the part-finishing steps. 

In addition to release agents 
applied to molds and dies, other 
silicones are used as anti-adhe- 
sive coatings for paper and paper- 
board. Still others are applied to 
equipment such as rolls, drums, 
and dryers, to prevent build-up 
of such materials as starch, sizing, 
and fabric finishes. 

The new silicone coating for 
paper and paperboard’ keeps 
gummy and sticky materials from 
sticking to all types of bags, boxes, 
innerliners, wraps, and _inter- 
leaving sheets. The coating will 
not migrate and does not contam- 
inate the products packaged. The 
coating is applicable as a one- 
side or two-side coating to papers 
such as kraft, glassine, parchment, 
corrugated boxboard, and even 
cellophane or polyethylene. 

Silicone-coated papers have al- 
most universal application—even 
the gummiest of materials, includ- 
ing adhesives, asphalt, candy, 
glue, and unvulcanized rubber, 
are easily, quickly, and cleanly 
removed from paper with the new 
silicone coating. 


As ADhesives 

Whereas the silicones described 
in the previous section are excel- 
lent abhesives, others are effective 
adhesives. resinous 
materials that cure to form a rigid 
bond; others are resilient or flex- 
ible products for bonding silicone 
rubber. 


Still another type of silicone 


Some are 


adhesive is used to produce pres- 
sure-sensitive tapes for electrical 
and mechanical applications. 

Silicone pressure-sensitive ad- 
hesives remain pliable and retain 
good adhesive strength from —80 
to 500° F. They show unusual 
resistance to moisture, weather- 
ing, and aging, and possess excel- 
lent dielectric properties. 

Pressure-sensitive silicone ad- 
hesives adhere well to plastics, 
metal, glass, and paper, and are 
adaptable for use with most back- 
ing materials including glass cloth, 
metal foil, Teflon, Mylar, and 
silicone rubber. 


made 
silicone 
adhesives include insulating elec- 
trical and electronic equipment 
for aircraft and missiles; masking 
metal parts in chemical “milling”; 
and_ sealing high-temperature 
mechanical components. 


Applications for tapes 
with pressure-sensitive 


As dielectrics 
Each of the basic physical 
forms of silicones—fluid, resin, 
and rubber—is used in electrical 
and electronic applications. In 
such applications, they often 
serve a mechanical purpose as 
well as a dielectric purpose. 
Silicone fluids serve as liquid 
small 
transformers, and electronic as- 
semblies. They also 
media and as 


dielectrics in capacitors, 
serve as 
fluid 
applications where 
their dielectric properties are an 


damping 
coupling in 


important plus value. 

Grease-like silicone compounds, 
formulated by mixing inert fillers 
with silicone fluid, are widely 
used in applications where a non- 
flowing moistureproof dielectric 
seal is essential. 

The  resinous-type _ silicones 
have broad usage as dielectrics in 
the form of wire enamels and 
varnishes, dipping and impregnat- 
ing varnishes, cloth coating var- 
nishes, and media or 
saturants for mica-glass combina- 


bonding 


tions, asbestos components, and 
glass tying cord and sleeving. 
Silicone rubber is often referred 
to as the nearest known approach 
to the ideal dielectric. It is re- 


Abhesive qualities of sili- 
cones are used to advan- 
tage in formulating mold 
release agent for freeing 
giant rubber tire easily and 
quickly from its mold 











Silicone rubbers that vulcanize at room temperature are easily 
applied to delicate electronic components to form a resilient, di- 
electric cushion that protects the parts against shock or vibration 


silient, flexible, void-tree, and 
moistureproof, and it retains these 
characteristics in service at tem- 
peratures from —130 to 500° F. 
Silicone rubber insulation is 
available in the form of fabricated 
parts and components, wire and 
cable, tape, and caulking pastes. 
Typical applications range from 
wrapping field coils of 6000 hp. 
motors to encapsulating 
electronic resistors. 


small 


As lubricants 


Silicones have proved to be ex- 
cellent, long-lasting lubricants 
for plastics, rubber, and a number 
of metal combinations. 

Silicone oils and greases offer 
definite advantages that result 
from their unusual combination of 
properties. Silicone lubricants are 
heat-stable, oxidation-resistant, 
and serviceable over a wide tem- 
perature span. They reduce main- 
tenance and relubrication costs, 
and make permanent lubrication a 
practical reality. 

Applications of silicone oils and 
greases include lubricating con- 
veyors subjected to oven temper- 
atures ranging to 500° F. and 
over; bearings of motors designed 
for high-temperature _ service; 
rubber seals and joints; valves; 
timers; rubber seals and rings of 
pneumatic systems; plastics bear- 
ings and bushings. 


As anti-seize agents 

The heat-stability and oxidation 
resistance of silicone greases and 
compounds have proved to be a 
marked advantage in another ap- 
plication related to fabricating 
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plastics. Silicones are applied to 
threads of studs and head bolts of 
continuous extruders, to hold- 
down bolts, and to nozzles and 
inserts of injection molding ma- 
chines. In spite of high tempera- 
tures encountered on _ such 
equipment, silicones eliminate 
seizure of studs and bolts, sim- 
plify changing nozzles and inserts, 
and also serve to reduce teardown 
time. 


As rubbery components 

Reference has been made in this 
article to the uses of silicone rub- 
ber. It seems in order, however, 
to review separately the informa- 
tion on silicone rubber. 

Serviceable from —130 to 500° 
F., silicone rubber retains excel- 
lent dielectric properties over this 
temperature span—remains flex- 
ible and resilient at low tempera- 
tures, and does not harden or 
crack even after long service at 
elevated temperatures. Silicone 
rubber is also resistant to weath- 
ering, corona, moisture, and elec- 
trical and mechanical fatigue. 

Parts and components are 
fabricated by molding, extruding, 
calendering, sponging, and lam- 
inating. In other cases, silicone 
rubber is applied by solution- 
coating methods. 

Typical parts and components 
made of silicone rubber include 
boots and bellows; ducting and 
hose; gaskets; seals; mechanical 
rubber parts; “abhesive” rollers; 
wire and cable; bundle clamps; 
and capacitor bushings. 

Unique among silicone rubbers 
is the class that vulcanizes at 


room temperature. These set to a 
rubber mass having low-temper- 
ature characteristics comparable 
to those of heat-vulcanized sili- 
cone rubbers and show greater 
stability to heat, oxidation, mois- 
ture, and weathering than organic 
rubbers. These rubbers are adapt- 
able to applications where a heat 
cure cannot be tolerated, and are 
practical do-it-yourself products 
in many cases. They are useful 
as a caulking and sealing material 
for X-ray and electronic equip- 
ment; as a protective dielectric 
coating for small synchronous 
motors; as a potting compound for 
connectors; as a flexible mold 
material for casting resins; and as 
an encapsulating material for 
electrical components in auto- 
pilot systems and sensitive elec- 
tronic devices. 
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Styrene Polymers and Copolymers 


<a 
RECENT DEVELOPMENTS 














A new styrene polymer (Lustrex Perma-Tone, Monsanto Chem- 
ical Co., Plastics Div.) has strong resistance to discoloration after 
prolonged exposure to fluorescent light. The material is specially 
recommended for use in lighting fixtures, including egg-crate 
louvers, side panels, and extruded light diffusers. Available in 
translucent or opaque colors, its physical properties are compara- 
ble to other general-purpose styrene molding materials. 


A new styrene polymer (Lustrex Hi-Test 89, Monsanto) avail- 
able in both molding and extrusion formulations, combines high 
resistance to heat distortion with high impact strength. It has a 
heat-distortion temperature of 194 to 198° F., making it useful 
for components that are exposed to moderate amounts of elec- 
trically produced heat. 


Alpha-methylstyrene (Hercules), to be used in thermoplastic 
copolymers, improves heat resistance. Alpha-methylstyrene 
monomer can be polymerized with styrene, butadiene, isoprene, 
maleic anhydride, acrylic acid, and acrylonitrile. The emulsion 
system is preferred where it can be used since rate and molec- 
ular weight can be more easily controlled. When alpha-methy]- 
styrene is used as part of the styrene constituent in a polyester 
formulation, it will slow down or control the rate of polymeriza- 
tion and reduce exotherm. 


A new high-impact polystyrene (Foster Grant) has improved 
characteristics such as high flex resistance, resiliency, and semi- 
transparency. It shows no yellowing of delicate tints. This styrene 
graft polymer is suggested for such applications as refrigerator 


inner doors, housings, radio cabinets, and food packages where 
visibility is desirable. 


A new thermoplastic styrene-acrylonitrile copolymer (Tyril, 
The Dow Chemical Co.) for dinnerware can be fabricated more 
easily and at lower cost than competitive materials. Dinnerware 
made from the new material resists breakage, food and coffee 
stains, and retention of food odors. 


Wall tile (Majestic Tile Co.) with the appearance of natural 
marble is made from a special styrene formulation (Monsanto). 





W hile polystyrene was dis- 


covered in 1839, it was not pro- 
duced commercially until 1935. 
Since its rise in commercial avail- 
ability and popularity, many im- 
provements have been made. 
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Recent Developments and References were 
repared by the editors 


Styrene monomer is the prin- 
cipal raw material from which 
styrene polymers and copolymers 
are made. Styrene may be poly- 
merized alone or it may be co- 
polymerized with other monomers 
by bulk, suspension, emulsion, 
or solution processes. 

Molding: Advanced techniques 
in these polymerization processes 
and in compounding have re- 


STYRENE POLYMERS AND COPOLYMERS 


sulted in the development of a 
broad range of styrene materials 
for molding. Each offers specific 
physical properties and behav- 
ior characteristics that enable it 
to be used economically for pro- 
ducing parts to satisfy specialized 
service requirements in certain 
areas of use. Heat-resistance, 
chemical-resistance, toughness, 
stability, etc., will vary among the 
various available styrenes. 

In addition, styrene materials 
are available with various com- 
binations of flow and set charac- 
teristics suitable for optimum 
molding of parts according to wall 
thickness. When selecting the 
grade of styrene to be used for 
a specific job, the molder must 
take into account this balance of 
“flow” and “set” attributes, with 
wall thickness generally affecting 
the choice as follows: 

1) Thin sections (up to ap- 
proximately 0.045 in.)—Flow to 
be emphasized (particularly for 
large-area moldings) with sacri- 
fice in set. Short heat travel path 
and cold molds minimize cooling 
time. 

2) Medium sections (0.045 to 
0.075 in.) —Compromise of good 
flow and good set. 

3) Heavy sections or mixed 
thick and thin sections—Fast or 
high-temperature set to be em- 
phasized with flow sacrificed. 

Extrusion: Diversification of 
styrene extrusion materials has 
not developed to the same extent 
as in the styrene molding mate- 
rials. Most extruded products are 
made from a distinct “extrusion 
grade” (usually without surface 
lubricant) in each class of poly- 
mer or compound. In the fast- 
growing field of sheet extrusion 
with rubber-modified compounds, 
the beginnings of a trend toward 
more specialized compounds can 
be detected in the appearance of 
separate compounds emphasizing 
gloss, toughness, or output rates. 


Types of styrene 


Among the classes of styrene 
polymers, copolymers, and com- 
pounds are: 1) general-purpose 
(or polystyrenes and polystyrene 
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compounds); 2) heat-resistant; 
3) light-stabilized; 4) glass-rein- 
forced molding compounds; 5) 
impact types (or rubber-modified 
polystyrene compounds, styrene- 
rubber plastics, etc.); 6) chemi- 
cal-resistant copolymers (or sty- 
rene - acrylonitrile copolymers); 
and 7) polymers and copolymers 
of alkyl-substituted styrenes. (All 
of these polymers are available in 
pellet or granule form and with 
various internal and/or external 
lubrication agents best suited to 
the product-forming process and 
equipment to be used.) Special 
processing techniques and compo- 
sitions have also made the follow- 
ing added forms of styrene avail- 
able: 8) oriented polystyrene and 
styrene-acrylonitrile copolymers; 
and 9) polystyrene foams. 


General-purpose polystyrenes 

Actually, in view of the diverse 
range of polystyrenes and poly- 
styrene compounds now available, 
the description “general-purpose” 
has become a misnomer. The 
term, however, still persists and 
is widely used. 


Many outstanding features are 
responsible for making polysty- 


rene one of the most popular of 
plastics. It is the lightest in unit 
weight of present commercially 
available rigid plastics. Because 
the basic resin is colorless, the 
polymer can be made crystal clear 
or in an unlimited range of colors 
—from transparent to opaque. 
Excellent dimensional _ stability 
combined with negligible mois- 
ture absorption (even after long- 
term immersion) and freedom 
from warping or distortion within 
the thermal operating range of 
each grade make the polystyrenes 
useful where molding to close 
tolerances is required. 
Polystyrene is free from taste 
and odor, nontoxic when used 
in contact with food, and does not 
support growth of molds or fungi. 
Its resistance to corrosive chemi- 
cals and their aqueous solutions, 
such as acids (except oxidizing 
acids), alkalies, salts, and lower 
alcohols is outstanding. Electrical 
properties are exceptionally good. 
Applications: Disposable pack- 
aging for all sorts of merchandise, 
along with dispensing dishes and 
utensils for foods, are the fastest- 
growing high-volume uses for 
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polystyrene. Refrigerator parts 
(e.g., crisper trays, meat keepers, 
butter dishes, etc.), emblems, 
signs and displays, and packaging 
applications of a more permanent 
nature—all use polystyrene be- 
cause of its physical advantages, 
as well as the fact that it lends 
itself so well to decoration. De- 
calcomania, hot-stamping, wipe- 
in painting, metalizing, lacquer- 
ing, and silk screen printing tech- 
niques have all been adapted to 
polystyrene. Toys, game pieces, 
novelties, combs, brush-backs, 
wall tile, many housewares for 
use with cool foods, flower pots, 
and planters are all made advan- 
tageously from polystyrene. Spe- 
cial compounds are used in pho- 
nograph records. 


Heat-resistant polystyrenes 

For satisfactory service in high- 
temperature atmospheres, e.g., in 
heavily-illuminated display win- 
dows or cases or in closed auto- 
mobiles kept out in the hot 
summer sun, heat-resistant poly- 
styrenes have proved themselves 
over the past nine years. Parts 
molded of heat-resistant polysty- 
rene show good retention of di- 
mensional stability in boiling 
water for short periods of time, 
but cannot really be called “boil- 
able.” Coincident with improved 
heat resistance, these grades have 
enhanced physical properties that 
often dictate their use even where 
heat resistance is not in question. 

As contrasted to easy-flow ma- 
terials, the heat-resistant poly- 
mers reach moldable plasticity 
and set up in molds at higher 
temperatures. This characteristic 
requires molding machines with 
high plasticating capacity and 
high injection speed. Good mold 
temperature control in the range 
of 160 to 200° F. is necessary for 
quality economical production. To 
realize the full potential in 
strength and heat resistance, 
however, annealing may be re- 
quired in cases. Slow 
cooling after annealing prevents 
introduction of new thermal 
stresses. 


some 


In some cases, annealing only 
increases the instantaneous heat- 
distortion temperature of a piece 
when measured under load such 
as by the A.S.T.M. test. It does 
not always increase the use tem- 


perature when the part is subject 
to long-time service at elevated 
temperatures under load. 

It is sometimes possible to run 
faster molding cycles with heat- 
resistant grades than with normal 
styrenes. Because setup is so 
rapid, these grades are especially 
adaptable to the molding of heavy 
sections. Because of their high- 
strength characteristics, heat-re- 
sistant grades are also often pre- 
ferred for the extrusion of rods, 
tubes, profiles, etc. 

Applications: With the same 
coloring and decorating potential 
as normal polystyrenes, the heat- 
resistant polystyrenes have been 
extensively used in table model 
radio cabinets, TV lenses or front 
panels, clock cases, watch and 
jewelry packages, storage battery 
cases, camera housings, appliance 
panels and handles, illuminated 
signs and displays, fluorescent 
lighting fixtures, housewares to 
withstand unusual stress or hot 
food contact, and reels and 
spools for film and tapes. 


Light-stable polystyrenes 
Normal polystyrenes do not 
resist outdoor weathering suffi- 
ciently to warrant use in perma- 
nent outdoor installations. Expo- 
sure to ultra-violet light from 
direct sunlight or artificial sources 
causes polystyrenes to develop a 
yellowish straw cast and event- 
ually become brittle. Light-stable 
formulations, which, by test under 
ultra-violet light sources, show 
substantial improvement in such 
behavior, have therefore been 
developed. However, the degree 
of stability is not so great that 
stabilized polystyrenes can be 
recommended for outdoor uses. 
On the other hand, light-stable 
polystyrenes are finding increas- 
ing use in molded and extruded 
indoor lighting fixture diffusers, 
and in packaging to protect con- 
tents from discoloration or spoil- 
age from ultra-violet light expo- 
sures. In some cases, improved 
light stability is achieved with 
some sacrifice of heat resistance 
or strength characteristics. In 
other instances, the light-stabi- 
lized formulations are slightly 
limited in colorability, making it 
difficult, for example, to produce 
clean translucent bluish-white. 
Although initially slightly yel- 
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low, styrene-acrylonitrile copoly- 
mers show less change upon ex- 
posure to light than do the normal 
polystyrenes. 


Glass-reinforced polystyrenes 


Fibrous glass-reinforced poly- 
styrene is made for the produc- 
tion of strong, rigid pieces with 
superior dimensional _ stability. 
The normal method of manufac- 
ture is by injection molding. 
Compression molding or extru- 
sion techniques ordinarily do not 
result in the entanglement and 
felting of the glass fibers which is 
necessary to realize the full rein- 
forcing potential of the fibers. 
Compounds usually contain about 
35% glass by weight; some have 
been made up to 50 percent. The 
35% compounds typically have 
heat-distortion temperatures in 
excess of 215° F., tensile strengths 
about 10,000 p.si., and mold 
shrinkage of only 0.001 in. per 
inch. 

Glass-reinforced polystyrenes 
are either supplied in slightly 
translucent to opaque colors, or in 
an off-white natural that may be 
dry-colored by the molder. Some 
decorative value can be achieved 
by mixing these polystyrenes 
with transparent, heat-resistant 
polystyrenes. Service or appear- 
ance requirements of certain ap- 
plications may be satisfied by 
mixing the glass-reinforced poly- 
styrene pellets with heat-resistant 
polystyrenes or heat-resistant 
rubber-modified compounds to 
reduce the glass content. 

Applications: Typical applica- 
tions which take advantage of 
the toughness, rigidity, and the 
superior heat resistance of glass- 
reinforced polystyrenes are: tape 
reels, blower wheels, textile bob- 
bins, housings, and military de- 
vices that have to be able to with- 
stand rough usage. 


impact-type polystyrenes 

With the rise in popularity of 
polystyrene and the widening of 
its markets, it soon became evi- 
dent that the toughness of normal 
polystyrenes was inadequate for 
successful use in some fields. 
Research resulted in so-called 
“impact polystyrenes,” or rubber- 
modified compounds. These ma- 
terials are characterized by im- 
proved shock resistance and 





TABLE |: Comparison of styrene polymers and copolymers 





Tensile 
Type of polymer 





General-purpose 
Fast flow 
Normal flow 
Light-resistant 
Heat-resistant 
Glass fiber-filled 

Impact styrenes 
Medium 
High 
Super 

Copolymers 
Styrene-acrylonitrile 

Alkyl styrenes 


Good 
Good 
High 
High 


Good 
Good 
Good 


strength Elongation 


Good Low 


Improved 
Medium 
High 


Good Low 
Good Low 


Heat Notched 
distortion 
point 


Light 
impact trans- 


strength mission 


Good Low 
Good Low 
Good Low 
High Low 
High Improved 


High 
High 
High 
High 
Opaque 


Good 


Good 
Good 


Improved 
High 
High 


Opaque 
Opaque 
Opaque 


Good 
High 


High Improved 
High Low 


This table was prepared by Catalin Corp. of America 





increased elongation, while still 
retaining good electrical and me- 
chanical properties. 

There are three general classes 
of products in this category— 
medium-, high-, and super-im- 
pact materials—with increasing 
shock resistance or toughness 
shown in each classification. As 
with normal polystyrenes, impact 
materials are available with vari- 
ous combinations of flow and set 
characteristics suitable for opti- 
mum molding of parts according 
to wall thickness. Other com- 
pounds combine improved heat 
resistance and strength with the 
toughness imparted by the rubber 
content. Thus, selection of a 
rubber-modified polystyrene can 
be made with an eye to service 
requirements and economy. 

As a consequence of increased 
elongation and impact properties, 
the high-impact polystyrenes can 
be molded around metal inserts 
without later development of 
crazing or cracking. These im- 
provements also permit machin- 
ing and drilling of parts without 
the use of some of the precautions 
necessary with normal poly- 
styrenes. The high-impact ma- 
terials may also be punched on 
automatic machines, which is not 
possible with normal poly- 
styrenes. Annealing is seldom re- 
quired, 

Impact materials are naturally 
translucent, limiting colorability 
to translucents and opaques. They 
are normally supplied as pellets, 
but granules or “fine grinds” are 
available in natural for dry- 
coloring. Compounds are usually 
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externally lubricated for molding, 
unlubricated for extrusion. 
Special high shock-resistant 
extrusion compounds specifically 
suited to the growing sheet mar- 
kets are also available. These 
sheets are extruded in thick- 
nesses from 0.010 to 0.250 in. and 
widths up to 60 inches. Extruded 
sheet is generally used for the 
thermoforming of large refrigera- 
tor parts and advertising displays 
requiring detailed features. Ex- 
truded striated sheet is used for 
decorative wall covering. 
Applications: Successful appli- 
cations for rubber-modified poly- 
styrenes include toys, novelties, 
signs, and displays; radio cabinets, 
television masks, small appliance 
handles, and knobs; refrigerator 
and freezer door liners, spacers, 
trim strips, pans, and bins; air 
conditioner panels and _ grilles; 
disposable packaging, closures, 
food and drink dispensing dishes, 
and utensils; housewares, furni- 
ture drawers, and wall coverings; 
storage battery cases, tote boxes, 
shipping trays, and housings. 


Chemical-resistant styrene 
copolymers 


Many common household and 
industrial articles must withstand 
contact with substances that at- 
tack polystyrenes, such as _aro- 
matic, aliphatic, and chlorinated 
hydrocarbons, organic acids and 
esters, essential oils, and fats. To 
meet this need, copolymers of 
styrene and acrylonitrile 
been developed. 

In many uses, the mechanical 
properties are more important 


have 
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than the chemical resistance. 
While not a high-impact resin, 
its mechanical properties are 
superior to ordinary polystyrene. 
This results in greater practical 
toughness, which, combined with 
clarity, accounts for many of the 
uses of the styrene-acrylonitrile 
resins. Mechanical properties are 
better for the higher-molecular- 
weight resins at some sacrifice in 
molding plasticity. Thus, among 
the styrene-acrylonitrile resins 
available commercially, there are 
significant their 
practical toughness under’ use 
conditions. Pieces injection 
molded from all polystyrenes are 
weaker when stressed parallel to 
the lines of orientation than when 
stressed across the orientation. 
But in styrene-acrylonitrile co- 
polymers, this difference is less 
than for polystyrene, resulting in 
stronger pieces when 
across the orientation. 


differences in 


stressed 
Usually, 
properties and water 
absorption are slightly impaired, 
as compared to normal poly- 


electrical 


styrenes. 
Pelleted injection and extru- 
sion grades of these materials 
are supplied. Natural styrene 
copolymer resin is a pale straw 
color; transparent tints to opaque 
colors are also available. These 
copolymers are incompatible with 
polystyrene and its compounds. 
Applications: Principal uses are 
housewares (dishes, tumblers, 
and cutlery handles); hair curler 
pins and_ cosmetic 
fountain pen 


packaging; 
barrels; battery 
cases and radio cabinets; sight 
glasses for pressure oil systems 
and oil dispensing devices; and 
laboratory utensils. 


Polymers and copolymers of 
alkyl-substituted styrenes 


Certain homologs of styrene 
have been known for many years 
to form polymers with notably 
higher heat-distortion tempera- 
tures than are attainable from 
styrene itself. However, use of 
any higher - molecular - weight 
monomer does not guarantee this 
result. Commercialization in this 
area has been impeded by the 
unavailability of suitable low- 
cost monomers and their gen- 
erally slower polymerization 
rates. Alpha-methyl styrene and 
specific mixtures of o-, p-methyl- 
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styrene (vinyltoluenes) are the 
first of these monomers to be- 
come available at low cost. A 
methylstyrene polymer and _ its 
copolymer with acrylonitrile, was 
only recently introduced and is 
already going into such applica- 
tions as tumblers and trays. In 
general, these can be expected to 
find a place in applications similar 
to those now satisfied by older 
heat-resistant polystyrenes or 
chemical-resistant copolymers, 
but where the service tempera- 
ture is expected to be exception- 
ally high, or an added measure of 
toughness is desired. 


Oriented polystyrene 

When stretched in the orienta- 
tion temperature range while 
cooling, polystyrene develops in- 
creased strength up to threefold 
in the direction of stretch. Uni- 
directionally oriented polystyrene 
and chemical-resistant copolymer 
filaments are widely used as 
bristles for brooms and dusters as 
well as scrub brushes, utility 
brushes, and even inexpensive 
tooth brushes. When dry, the 
static charges developed by the 
brushing operation assist in caus- 
ing lint and dust to adhere to the 
bristles. The adhesion, however, 
is not so strong that particles can- 
not be readily shaken or rinsed 
off. 

Biaxially oriented polystyrene 
film is produced by stretching 
the plastic simultaneously later- 
ally and longitudinally, while it 
is in the orienting temperature 
range. The film can be as thin 
as 0.005 in., used chiefly for elec- 
trical capacitors. Film of 0.001-in. 
thickness is used for laminating 
to impact-type polystyrene sheet 
to retain gloss after vacuum 
forming. Oriented polystyrene of 
0.015-in. thickness is used to form 
venetian blind slats. Intermedi- 
ate thicknesses are finding wide 
application in the packaging and 
luminous ceilings fields, as well 
as in coaxial cable spacer wrap. 
A biaxially oriented styrene- 
acrylonitrile copolymer film for 
greenhouse construction, storm 
windows, etc., is also available. 


Polystyrene foams 

Polystyrene foams are available 
in two types—free-flowing gran- 
ules which are expanded in place, 


and logs or planks from which 
shapes are machined. Both types 
of foam are available at densities 
below 2.0 lb./cu. foot. Both ex- 
hibit very low water vapor trans- 
mission, low water absorption, 
low thermal conductivity, and 
good structural strength. Ex- 
panded polystyrene may _ be 
bonded to itself as well as to 
metals, glass, wood, and other 
solids. Polystyrene foam can be 
shaped by common machining 
operations, e.g., sawing. 
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RECENT DEVELOPMENTS 














A combination of acrylonitrile, butadiene, and styrene (Kralas- 
tic HTHT, Naugatuck Chemical Div., U.S. Rubber Co.) can be 
made into pipe by extrusion or injection molding. Boiling water 
and low-pressure steam have been carried in pipe made from 
the new material, which showed considerable strength at 220° F. 
An immediate application is in radiant heating pipes. The pipe is 
light in weight, corrosion resistant, and resists swelling through 
water or chemical absorption. 


A new rubber-modified styrene (TGD-6000, Bakelite Co.) for 
vacuum forming has high rigidity, permitting production of thin- 
ner refrigerator door liners, and lessening the need for liner re- 
inforcements. 


A new rubber-modified polystyrene (TMDA-8020, Bakelite Co.), 
combining free-flowing characteristics with fast setup, has an 
impact strength lying between general-purpose and high-impact 
styrenes. It has color stability, and chemical and electrical prop- 
erties similar to those of rubber-modified high-impact styrenes. 
It is suggested for such items as detergent closures, switch plates, 
towel racks, and action-type toys. 


High-impact acrylonitrile-butadiene-styrene resin (Cycolac, 
Marbon Chemical, Div. of Borg-Warner Corp.) is available in a 
smaller, more uniform pellet size. The smaller pellets, %42 in. in 
size, make possible greater uniformity of heat transfer, necessary 
for obtaining maximum shot size and good surface. The new size 
reduces the possibility of overheating, and improves hopper load- 
ing and hopper flow. Plumbing pipe made of this resin will with- 
stand many hundreds of pounds pressure and will resist corro- 
sion and acid which affect steel and iron pipes. The material can 
withstand boiling water. 





P oivsisrene has come a long 
way since its commercial intro- 
duction in 1935. It was undoubt- 
edly the wide consumer accept- 
ance of this thermoplastic, 
despite its inherent deficiencies, 
which contributed greatly to the 
development of a unique series 
of hybrid thermoplastics that to- 
day are designated by the term 
“styrene alloys.” To broaden the 
market for styrene-based resins, 
the drawbacks of brittleness and 
: Naugatuck Chemical, Div. of United States 
\ubber Co., Naugatuck, Conn. 


Recent Developments and References were 
repared by the editors 
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low heat distortion temperature 
that the resins exhibited had to 
be overcome. 

Between 1944 and 1946 three 
resins that exhibited an improve- 
ment in heat distortion tempera- 
ture over general-purpose poly- 
styrene were commercially 
introduced. Polydichlorostyrene 
and the copolymers, styrene fu- 
maronitrile and styrene divinyl- 
benzene, ranged between 220 and 
250° F. in heat distortion tem- 
peratures. But cost, poor molda- 
bility, and continued technical 
advances in the field of copoly- 


mers limited commercial accept- 
ance by manufacturers of these 
polystyrene resins. 

In 1946 acrylonitrile was co- 
polymerized with styrene, and the 
copolymer met with wide indus- 
try acceptance. The advantages 
of this copolymer over polysty- 
rene were its higher heat distor- 
tion temperature, somewhat im- 
proved impact strength, excellent 
weathering resistance, better 
chemical resistance, and higher 
flexural strength at elevated tem- 
peratures. Izod notched impact 
strengths were still under 1 ft.- 
Ib./in. of notch, and it was rec- 
ognized that greater improve- 
ments would be necessary. 


Styrene and rubber 


By 1948, a basically new prin- 
ciple in polymer chemistry dem- 
onstrated that suitable blends of 
the right resin and rubber would 
exhibit the hardness and high 
heat distortion of the resin, and 
the toughness and low brittle 
point of the rubber. 

Copolymerization of styrene 
with small amounts of butadiene 
produces tough, horny resins 
which the rubber industry has 
blended with GR-S type rubbers 
as reinforcing agents and proc- 
essing aids. This development 
bordered on the plastics indus- 
try; when the resin ratio was 
high enough (over 60%), the 
blend assumed more the proper- 
ties of a plastic than of an elas- 
tomer. Uncured, the high resin 
blends were limited in applica- 
tion because of low flexural 
strength and low heat distortion 
point. When vulcanized by usual 
rubber procedures, however, the 
composition forms a tough, rigid 
thermoset material. The soften- 
ing point of typical cured blends 
was still between 130 and 140° F. 

A second type rubber-resin 
blend, commercialized in 1946 in 
the form of fabricated parts or 
sheet stock, constituted a major 
advance in the field of high-im- 
pact materials. The discovery that 
styrene acrylonitrile copolymer 
resins could be blended with 
butadiene acrylonitrile rubbers 
made available a new series of 
styrene alloys possessing greater 
impact strength, higher heat 
distortion temperatures, im- 
proved chemical resistance, bet- 
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ter weathering qualities, and 
good flexural strength. These ma- 
aterials are commonly known as 
acrylonitrile - butadiene - sty- 
rene polymer blends (ABS poly- 
mer blends). 

Between 1949 and 1955 more 
than 15 styrene alloys were in- 
troduced commercially. These 
were based on blends of polysty- 
rene and/or styrene-butadiene 
copolymers of varying ratios. 
When alloyed with high-styrene 
low-butadiene copolymers, poly- 
styrene yields high impact, high 
flexural strength thermoplastics. 
A number of variations of this 
alloy are possible since two ra- 
tios exist—styrene to butadiene 
and polystyrene to styrene-buta- 
diene copolymer. 

Property variations depend 
largely on the resin/rubber ratio. 
In addition to high impact 
strength and flexural strength, 
this type of styrene alloy may 
possess greater ultimate elonga- 
tion and lower brittle point than 
polystyrene. Due to the internal 
plasticizing effect of the buta- 
diene, it is handicapped by soft- 
ening points lower than those 
of polystyrene. Low cost, good 
moldability, and medium-to-high 
impact strengths have, however, 
resulted in widespread commer- 
cial acceptance of this type of 
styrene alloy. 

A new series of molding pow- 
ders offered commercially in 1949, 
based on a copolymer blend of 
styrene-acrylonitrile and buta- 
diene-acrylonitrile, was similar in 
properties to the blends intro- 
duced earlier in the form of fab- 
ricated parts or sheet stock. A 
wide range of physical and 
chemical properties was possible 
by adjusting the proportion of 
styrene-to-acrylonitrile in the 
resins and of butadiene-to-acry- 
lonitrile in the rubber, as well as 
by varying the ratio of resin-to- 
rubber in the final alloy blend. 
Selected numbers of this series of 
alloys have been made com- 
mercially available. 

Another combination of buta- 
diene, styrene, and acrylonitrile 
reported by the manufacturer to 
be a “homogeneous” composition 
was introduced in late 1953. It 
combines high hardness with im- 
pact over a wide temperature 
range, good processing qualities, 


and high heat resistance, in ad- 
dition to excellent chemical re- 
sistance. 


Chemistry and manufacture 


Styrene monomer is generally 
produced by catalytic dehydro- 
genation of ethylbenzene which 
is obtained by reaction of ben- 
zene with ethylene. Styrene is 
also produced by the reaction of 
benzene with acetylene. 

Polymerization of styrene, or 
copolymerization with a variety 
of other monomers including 
butadiene and acrylonitrile, may 
be accomplished by bulk, suspen- 
sion, emulsion, and solution poly- 
merization techniques. 

Recent developments in tech- 
niques such as series, graft, and 
block polymerization are _ re- 
garded as major advances in the 
art. Styrene alloys produced by 
use of these techniques report- 
edly offer greater ease in pro- 
cessability and relatively high 
impact strengths at low tempera- 
tures (—40° F.). 

In the production of styrene 
alloys, latex blending and Ban- 
bury-mill mixing are used with 
equal success. Latex blending, as 
the name implies, involves the 
blending of polymer or copoly- 
mer latices. Coflocculation of the 
latices by the addition of sulfuric, 
lactic, or formic acid, or other 
flocculating agents results in a 
resinous crumb which is filtered 
and washed to remove soluble 
residue. When dried, this master- 
batch may be compounded with 
other ingredients by Banbury, 
mill, extruder, or other types of 
mixers. 


Injection molding 


The styrene alloys are well- 
suited to injection molding, and 
can be _ readily handled on 
standard machines. Most manu- 
facturers recommend predrying 
granules at 160 to 200° F. for a 
period ranging from 45 to 90 min. 
or longer. The use of hopper 
dryers or preplasticizers is fre- 
quently recommended. Predry- 
ing and preheating eliminate the 
possibility of absorbed water 
affecting the molding surface, in- 
crease capacity since they permit 
the injection heating cylinder to 
heat a greater volume of material 
per hour, and improve quality by 


permitting the use of lower but 
more uniform material tempera- 
tures. 

Cycle, temperature, and pres- 
sure used in molding styrene al- 
loys depend on the pieces being 
molded, the specific alloy being 
used, the geometry of the die, 
and the machine itself. Styrene 
alloys are readily adapted to both 
heavy- and thin-section mold- 
ings. 

Materials manufacturers rec- 
ommend cylinder temperatures in 
the range of 300 to 550° F., die 
temperatures in the range from 
130 to 200° F. Some manufactur- 
ers recommend the use of nozzle 
heaters in order to insure the 
maximum alloy flow properties 
in the die. 


Extrusion and calendering 


Styrene alloys may be handled 
easily in standard extrusion 
equipment to produce pipe, tubes, 
rods, and profiles. The rubber 
content of most styrene alloys is 
such that in extrusion, it does not 
approach the near-Newtonian 
flow characteristics of some ther- 
moplastics. 

Predrying is generally recom- 
mended. Cylinder and die tem- 
peratures vary depending on the 
rubber content of the blends, but 
roughly they range between 390 
and 450° F. Clearance between 
the screw and cylinder wall 
should be small, ranging between 
0.003 and 0.005 inch. 

Most manufacturers report best 
results when a torpedo head 
screw, Dulmage mixing screw, or 
nylon metering screw is em- 
ployed. A compression ratio of 
3:1 to 6:1 is recommended for 
maximum heating and mixing 
results. Screen packs are used 
with most alloys, usually two 
No. 40 or No. 60 with one No. 20, 
to promote a degree of back pres- 
sure and greater mixing. Stream- 
lined die lands are recommended, 
ranging in length from the O.D. 
of the extruded shape to four 
times the O.D. or largest cross- 
section. 

Cooling equipment and cap- 
stans of the conventional types 
may be employed. Draw-down 
recommendations vary with dif- 
ferent alloys and also with type 
of sizing equipment. Some sys- 
tems require die dimensions 
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TABLE |: Comparison of properties of polystyrene and styrene alloys 





Styrene 
acrylonitrile 
copolymer 


Acrylonitrile 
copolymer 


blends 


1.01-1.10 
3000-6000 
20-50 
4500-11500 


Modified styrene 
Med. and high Very high 
impact wmpact 
0.98-1.10 
3500-6500 
10-90 
5000-7000 


Property Polystyrene 


1.04-1.07 
5000-9000 
1.0-3.6 
8000-16000 


Specific gravity 

Tensile strength, p.s.i. 

Elongation, % 

Flexural strength, p.s.i. 

Izod impact strength, 
ft.-lb./in. of notch 

Heat distortion temp., ° F. 

Hardness (Rockwell) 

Molding qualities 


1.07-1.10 
9500-12000 
15-2. 
13000-17000 


1.05-1.11 
7000-12000 
1.5-2.5 
10000-17000 


0.25-0.5 
160-190 
R120 
Excellent 


0.35-0.5 

195-215 
R125 
Good 


0.25-0.5 
160-190 
R120 
Excellent 


05-10 
150-190 
R50-R110 
Very Good 


0.4-12 
170-195 
R60-R110 
Good 








close to that of the extruded part; 
others use die dimensions 10 to 
15% oversize. 

Extrusion of sheeting is readily 
accomplished with certain alloys. 
Flat sheeting dies are most com- 
mon for styrene alloys. Cylinder 
temperature recommendations 
range from 350 to 425° F., and 
flat die temperatures recom- 
mended are slightly lower, de- 
pending on the alloy. Biaxial 
stretching by the use of clamps 
at the die opening has been found 
to improve physical properties of 
extruded sheets. Most styrene 
alloys are rigid or semirigid on 
cooling, and are cut in desired 
lengths for finishing. 

Certain of the more resinous 
alloys may readily be calendered 
into sheeting 0.015 to 0.090 in. 
thick with excellent results. It is 
recommended that the alloy be 
worked on a mill at temperatures 
between 300 to 400° F., and fed 
in small slugs to the calender. On 
four-roll calenders, of the Z or 
inverted L types, forming roll 
temperatures usually range be- 
tween 280 and 380° F. with the 
bottom roll slightly cooler. Sharp 
reproduction of detail is reported 
with certain of the alloys when 
an engraved calender roll is em- 
ployed. Embossing may also be 
accomplished by setting emboss- 
ing rolls next to the bottom cal- 
ender roll. 


Properties and applications 
The variety of styrene alloys 
commercially available offers the 
plastics fabricator a wide range 
of properties. Some of the more 
mportant properties of commer- 
‘ially-available styrene alloys 
ire outstanding impact strength, 
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ranging up to 11 ft.-lb./in. of 
notch; high heat distortion tem- 
peratures, ranging up to 210° F.; 
a range of hardnesses, Rockwell 
R50 to R110; low brittle point of 
— 40 to —60° F.; excellent chemi- 
cal resistance; good mechanical 
properties; and good molding 
and extrusion characteristics. See 
Table I, above. 

Injection molders have recog- 
nized that the higher unit cost of 
some of the alloys is more than 
offset by their unique toughness 
and high heat distortion tempera- 
tures. Appearance of the finished 
molded articles is excellent, and 
a range of colors is available. 

Continued development of in- 
jection press preplasticators and 
larger machines with greater in- 
jection speeds will increase the 
number of functional and decora- 
tive applications for which the 
styrene alloys are used. Some of 
the present outstanding applica- 
tions for injection molded alloys 
are in pipe fittings, wheels, hel- 
mets, valve parts, golf club heads, 
refrigerator parts, bobbins, radio 
cabinets, electric fan blades, toys, 
battery cases, and appliances. 

Extruded acrylonitrile copoly- 
mer blend pipe, mainly because 
of its unique toughness and cor- 
rosion resistance, has substan- 
tially advanced the position of 
plastic pipe in a number of im- 
portant applications. This pipe is 
widely used by the petroleum in- 
dustry where piping is subject to 
extraordinary corrosion by brine 
and sour crudes, as well as in 
natural gas pipe lines, mine 
drainage systems, and irrigation 
applications. Paper mills, sewage 
disposal plants, water-treating 
plants, heavy and fine chemical 


plants, textile plants, and food 
handling plants have all reported 
lower maintenance and replace- 
ment costs after installing these 
versatile piping materials. 

Styrene alloy sheeting, ex- 
truded or calendered, is available 
in a wide assortment of colors and 
finishes. The rigidity and inher- 
ent toughness of this type of 
sheeting has led to its use in such 
outstanding applications as indus- 
trial duct work, automobile head- 
liners and kick plates, typewriter 
cases, refrigerator door liners, 
tote boxes, trays, and a variety 
of functional and/or decorative 
housings. 

The sheeting can be thermo- 
formed by many of the available 
methods, including vacuum, plug 
and ring, drape, vacuum snap 
back, and air slip. The prime re- 
quirement is a uniform tempera- 
ture throughout the sheet. 


References 


Consult the Subject Index for 
additional information on styrene 
alloys. See also the Plastics 
Properties Chart for information 
on properties and trade designa- 
tions. For sources of styrene al- 
loys, see Directory Index, p. 1084. 

“6000 miles of pipe,” by G. R. 
Vila, Mopern Ptuastics 34, 100 
(July 1957). 

“New thermoformable flame- 
resistant,” Moprern Puastics 34, 
129 (Mar. 1957). 

“Impact testing of toughened 
polystyrene,” by G. Hulse and W. 
Taylor, Brit. Plastics 30, 66 (Feb. 
1957). 

“Measuring the effect of plasti- 
cized vinyls on impact polysty- 
rene,” by R. R. Dixon, SPE J. 12, 
17 (Oct. 1956). 











Synthetic Rubber and 
Rubber Derivatives 


BY L. H. HOWLAND* and R. W. BROWN* 


“a 








RECENT DEVELOPMENTS | 





An aqueous 


dispersion of a 


styrene-butadiene copolymer 


(Pliolite Latex 151, The Goodyear Tire & Rubber Co.), intended 
chiefly for reinforcing other types of latex, contains a tough, 
resin-like copolymer capable of bolstering hardness, stiffness, 
and modulus of styrene, nitrile, neoprene, and natural rubber 
latices. Adaptable to both cured and uncured formulations, it 
can be blended with most other rubber latices and subsequently 
compounded. Despite its solids content of approximately 51%, 
it exhibits sufficient mechanical stability for latex foam applica- 
tions. In fabric coating and carpet backing compounds, the latex 
improves stiffness without the strength reduction which is gen- 
erally encountered in compounds of this type with pigment 


reinforcement. 


A new blend of nitrile synthetic rubber and a vinyl resin 
(Paracril OZO, U. S. Rubber Co.,) is available to molders and 
extruders in combined form, ready for final processing. The oil 
resistance of this blend is even higher than that of straight nitrile 
rubber. In addition, it offers advantages of ozone and abrasion 
resistance and will withstand temperatures ranging from —40 to 
300° F. It is suggested for use in such diversified applications as 
shoe soles, electrical wire and cable jacketing, conveyor belt 
covers, flexible moldings, hose, tubing, and various forms of gas- 


kets. 





B utadiene-styrene (formerly 


GR-S and now SBR) copolymers 
are the largest volume products 
among the _ synthetic rubbers. 
They comprise a varied group of 
solid polymers and latices rang- 
ing all the way from 100% poly- 
butadiene to copolymers contain- 
ing up to 50% bound styrene. 
Masterbatches are available con- 
taining oil, carbon black, or mix- 
tures of the two, and _ high 
styrene/low butadiene 
Also, latices are manufactured at 
solids contents ranging from about 
25 to 60 percent. The most widely 
used polymers contain approxi- 


resins. 


* Synthetic Rubber Plant, Naugatuck Chemical, 
Div., United States Rubber Co., 203 Elm St., 
Naugatuck, Conn 
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mately 75% butadiene and 25° 
styrene. Lower levels of styrene 
give better low-temperature flexi- 
bility at some sacrifice in physical 
properties, while higher levels of 
styrene give more plastic and less 
rubbery copolymers. Above about 
60% styrene content, resinous 
products, rather than elastomers, 
are obtained. 

The SBR (GR-S) polymers 
used during the war were pro- 
duced by what is termed “hot” 
polymerization. It was later found 
that polymerization at lower tem- 
peratures gives appreciably better 
properties, particularly with re- 
spect to tensile strength, abra- 
sion resistance, and flex cracking. 
As a result, recipes were de- 


veloped to permit rapid polymer- 
zation at the lower temperatures 
and, today, about 82% of the total 
SBR is made by the 


process. 


“cold” 


“Cold” rubber is prepared com- 
mercially at about 41° F., although 
experimental runs have _ been 
made at temperatures of 0° F. and 
below. It is made by emulsifying 
the butadiene and styrene in 
water with fatty acid or rosin 
soap, or combinations of these, 
and polymerizing in pressure ves- 
sels with agitation to form a stable 
water dispersion of the polymer 
(latex). An organic hydroperox- 
ide is used as catalyst along with 
various activators which speed up 
the rate of polymerization. Long 
chain (C,.-C,,) mercaptans are 
used as chain transfer agents or 
modifiers to give the desired plas- 
ticity. These recipes readily give 
reaction times of 6 to 12 hr. at 
41° F. Cold SBR is normally 
carried to 60% conversion. The 
hot polymers are prepared in a 
similar manner, except that the 
reaction temperature is around 
122° F., and either potassium 
persulfate or activated organic 
hydroperoxide is used as catalyst. 
The reaction is stopped at about 
72% conversion. 

Unreacted monomers are re- 
moved by vaporization and re- 
covered for future use. The latex 
is then coagulated by treatment 
with acid or alum to destroy the 
soap, along with other chemicals 
(salt, glue, etc.) to control the size 
of the lumps of coagulum. The 
coagulum is then washed, dried, 
and baled. Careful control of 
variables in production makes 
synthetic rubber of considerably 
greater uniformity than natural 
rubber. 

Some polymers are produced 
with lower than normal amounts 
of mercaptan modifier to give 
tougher rubber, which is then 
mixed with an amount of low-cost 
petroleum oil (usually 25 to 40) 
in sufficient quantities to soften 
the rubber-oil mixture to a nor- 
mal plasticity. The product has 
the usual handling and vulcani- 
zate properties of synthetic rub- 
ber but is considerably reduced 
in cost. Mixing of the oil is done 
while the rubber is still in the 
latex stage to avoid handling of 
the unplasticized polymer. Dur- 
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ing 1957 these oil masterbatches 
had increased in output until they 
comprised about 38% of the total 
production of butadiene-styrene 
rubber. 

The butadiene-styrene poly- 
mers aS a group are general- 
purpose rubbers of wide appli- 
cability. They are used in tires, 
mechanical goods, footwear, and 
almost all of the other places 
where natural rubber is satisfac- 
tory. One exception is in the car- 
casses of large truck tires, where 
their greater heat build-up dur- 
ing flexing makes the butadiene- 
styrene rubbers unsatisfactory. In 
the form of latex they are used in 
many applications, such as for 
foamed sponge manufacture, for 
tire cord solutioning, rug backing, 
paper impregnation, and adhe- 
sives. They have good aging 
qualities and are tough and re- 
sistant to heat and abrasion. Tire 
treads made from cold rubber 
show an increase in abrasion re- 
sistance of 15 to 25%, as com- 
pared to natural rubber. 

As a class, the copolymers of 
this group develop much lower 
cured gum properties than natural 
rubber. Cured gum _ stocks of 
natural rubber range around 3500 
p.s.i. whereas the SBR polymers 
will fall far short of this range, 
showing less than 1000 p.s.i. How- 
ever, by compounding properly 
with reinforcing pigments, resins, 
and plasticizers, stocks can be 
developed with tensile strengths 
almost comparable to those of 
natural rubber. On an over-all 
basis, the processing of SBR can 
be controlled to a point at which 
special features can be “built into” 
the polymer so that processing is 
more adaptable and consistent 
than would be the processing of 
natural rubber. 


Butadiene-acrylonitrile 
copolymers 


The butadiene-acrylonitrile co- 
polymers (nitrile rubbers) are 


the same in general appearance 
and processing qualities as the 


butadiene-styrene copolymers. 
They contain various proportions 
of butadiene and acrylonitrile 
ranging from approximately 80 /20 
to 55/45. Manufacture is similar 
to the butadiene-styrene types, 
with a strong trend toward low- 
temperature polymerization. Their 


vulcanizates are characterized 
chiefly by high resistance to the 
swelling action of solvents, oils, 
and greases, and to deterioration 
by heat and sunlight. They are 
soluble in ketones such as ace- 
tone. These copolymers are also 
available as latices, which are 
useful for the impregnation and 
coating of many types of cloth, 
paper, and a variety of leather 
products. 

The nitrile rubbers are cured 
with the same agents as natural 
rubber or SBR, i.e., sulfur or 
sulfur-bearing materials. Again, 
as is the case with SBR, the 
cured gum tensile strengths of 
nitriles are far below that of 
natural rubber, but with proper 
choice of compounding ingredi- 
ents tensile strengths as high as 
4000 p.s.i. can be obtained. One 
major change in the compounding 
of nitrile rubbers must be noted. 
Because of the oil-resistant na- 
ture of the basic polymer, many 
of the normal rubber plasticizers 
are ineffective. The ester-type 
oils and the polar-type deriva- 
tives have proved to be the most 
effective. 

Generally speaking, the same 
procedures can be employed when 
processing nitrile rubbers as are 
used with natural or styrene- 
type rubbers. However, the nitrile 
polymers require more critical 
milling and Banbury procedures. 
Ultimate dispersion of reinforcing 
pigments and curatives is more 
difficult. Building tack in these 
polymers is more of a problem 
than with the styrene polymers. 
In some cases, solvent activation 
of the rubber surface with a 
ketone solvent is necessary before 
it is possible to obtain building 
tack. 

The chief advantage of the 
nitrile-type synthetic elastomers 
is their high resistance to the 
deteriorating and swelling effects 
of greases, oils, waxes, and sol- 
vents. Coupled with this ad- 
vantage, the nitrile polymers can 
be compounded to be flexible at 
temperatures below —70° F. and 
to resist the deteriorating effects 
of high-temperature aging up to 
300° F. The choice of the nitrile 
content is directly affected by the 
degree of oil resistance desired, 
and this increases as the nitrile 
centent increases. However, as the 
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nitrile content is raised, the co- 
polymer loses in low-temperature 
characteristics. 

Some phenolic and vinyl] resins, 
such as polyvinyl chloride, harden 
the nitrile rubbers, allowing a re- 
duction in amount of mineral fill- 
ers. These resins also give com- 
pounds that are more resistant to 
the effect of solvents, high tem- 
peratures, and air oxidation, and 
in some cases more fire-resistant. 
In some cases the nitrile rubbers 
and resins such as_ polyvinyl 
chloride are manufactured in 
masterbatch form. When nitrile 
rubbers are used in compounds 
containing predominant amounts 
of phenolics, they give improved 
processing, impact resistance, and 
flexibility. In predominately poly- 
vinyl chloride and related vinyl 
compounds, they act as nonvola- 
tile, nonextractable plasticizers. 
Added to phenolic-resin cements 
the nitrile rubbers impart flexi- 
bility to the adhesive film, par- 
ticularly at low temperatures. 


Isobutylene-diolefin rubber 


Butyl rubber is a copolymer of 
about 98 parts of isobutylene and 
2 parts of isoprene. It differs from 
its nearest chemical neighbor, 
polyisobutylene (Vistanex), by 
being vulcanizable, a property 
imparted to it by the unsaturation 
of the copolymerized isoprene. 
This unsaturation, however, 
amounts to only about 3% of that 
normally 
rubber. This low degree of un- 


occurring in natural 
saturaticn is the major reason for 
the chemical inertness of butyl, 
upon which many of its uses de- 
pend. 

Butyl rubber is prepared at 
very low temperatures (about 

140° F.) by treatment of a solu- 
tion of the monomers in methyl 
chloride with anhydrous alumi- 
num chloride. The polymer forms 
as a slurry in the methyl chloride, 
from which it is recovered by 
treatment with hot water to 
vaporize the solvent and un- 
reacted monomers. 

Crude butyl resembles natural 
rubber in appearance and han- 
dling properties. It is tacky, and 
tends to flow under its own 
weight. It is compounded and 
processed in the same manner 
and with the same machinery as 
is natural rubber or SBR. With 
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Collapsible tube made of synthetic rubber holds nearly 4000 gal. 
of liquid. The tough, portable bag can be used for shipping or 
storing the liquid. (Photo, United States Rubber) 


butyl, no breakdown or 
mastication is 


pre- 
needed and _ its 
natural tackiness gives it excel- 
lent building characteristics. 
Softeners may be added to im- 
prove processing or special prop- 
erties like resiliency or flexibility 
at low Butyl is 
highly impermeable to gases. As a 
result, it has almost completely 
displaced natural rubber for 
inner-tube manufacture. 

Aging- and 
sistance 


temperatures. 


temperature-re- 
properties make butyl 
useful for fabricating curing bags 
which are employed in the vul- 
canization of tire casings and for 
the repairing of tires. Its good 
electrical properties coupled with 
its resistance to ozone make it 
well-suited for all grades of insu- 
lation. Furthermore, it has re- 
markable resistance to the chemi- 
cal action of concentrated sulfuric, 
hydrochloric, hydrofluoric, and 
phosphoric acids, ferric chloride, 
caustic, and other corrosive sub- 
stances. It finds special use as 
linings in tanks, pumps, and hoses. 

Butyl rubber compounds are 
vulcanized with combinations of 
sulfur and thiuram accelerators 
or with special resins containing 
methylol groups. Because of the 
low degree of unsaturation, they 
are difficult to cure as compared 
with the diene polymers. Butyl 
rubber cannot be used in blends 
without severe vulcanization 
problems. Resilience is markedly 
lower than that of natural rub- 
ber. The polymer crystallizes on 


stretching, and excellent gum 
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tensiles are obtained, approxi- 
mately 3000 p.s.i. Butyl is similar 
to natural rubber and neoprene in 
this respect. The addition of fillers 
such as carbon blacks will defi- 
nitely improve many of the physi- 
cal characteristics such as tear 
and abrasion resistance, and 
toughness. Some of these proper- 
ties in carbon black stocks are 
particularly improved by treat- 
ment with heat or special chemi- 
cals, or a combination of these, 
during processing before curing. 

Care must be taken in the 
choice of plasticizers. Should 
there be any unsaturation present, 
as there is in some aliphatic plas- 
ticizers, the cure of the compound 
will be seriously retarded. 


Neoprene rubber 

Neoprene is a generic term de- 
noting synthetic rubbers made by 
emulsion polymerization of 2- 
chloro-1,3-butadiene, or copoly- 
mers containing predominant 
amounts of this monomer. It is 
prepared similarly to other emul- 
sion polymers. The polymer is 
isolated from the latex by a 
unique process of freeze coagula- 
tion on cold rolls, washed, and 
dried. Several types of crude 
neoprenes are produced, differing 
in unvulcanized properties that 
are important in the processing 
operations in the manufacture of 
finished products. Several types 
of neoprene latex are also avail- 
able. 

Compounding with various in- 
gredients and further processing 


are carried out as with natural 
rubber, using regular rubber- 
processing equipment. Unlike 
natural rubber and many syn- 
thetic rubbers, neoprene is vul- 
canized with basic oxides (e.g., 
MgO); sulfur is not necessary 
in the majority of neoprene 
compounds. Room-temperature 
curing compounds have been de- 
veloped for protection of equip- 
ment against abrasion and cor- 
rosion. 

The tensile strength, elasticity, 
resilience, and abrasion resistance 
of neoprene vulcanizates are 
similar to those of natural rubber 
stocks. However, its resistance to 
ozone, sunlight, and chemicals is 
far better. Exposure to oil causes 
slight swelling of neoprene stocks, 
but even in the swollen condition 
they retain a high proportion of 
their original characteristics. In 
applications that require a seal 
against oil or gas, this slight 
swelling increases the sealing 
pressure of the gasket or seal. 


Specialty polymers 


Polyacrylic ester rubbers: Al- 
though the esters of acrylic acids 
are usually considered as plastics 
(e.g., polymethyl methacrylate), 
elastomeric polymers of this type 
are also available. These poly- 
acrylic rubbers can be cured to 
give products highly resistant to 
discoloration, ozone, gas diffusion, 
and many oils at temperatures up 
to 350° F. They are not resistant 
to steam, glycols, or aromatic sol- 
vents, nor are they recommended 
for low-temperature service. Due 
to their saturated nature, they 
require special vulcanizing agents, 
of which polyfunctional amines 
are the most common. Latices 
containing elastomeric polymers, 
copolymers, and tripolymers of 
acrylate esters are also available 
and have recently come into con- 
siderable use, particularly in pro- 
tective coatings. 

Organic polysulfides: Reactions 
of organic dihalides and alkali 
polysulfides yield condensation 
polymers that vary from viscous 
liquids to rubber-like products. 
These polysulfide polymers are 
also produced in the form of 
water dispersions. 

The polysulfide rubbers are 
processed and _ handled like 
natural rubber. Curing is carried 
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out with metallic oxides (usually 
zine oxide). Tensile strength and 
abrasion resistance are low com- 
pared to some of the other syn- 
thetic rubbers but are adequate 
for many purposes. Resistance to 
aging, ozone, and sunlight are ex- 
cellent. Permeability to gases is 
low, and electrical insulation 
properties are good. The property 
that makes organic polysulfide 
rubbers of particular interest is 
their high solvent resistance. They 
are serviceable in most aliphatic 
and aromatic hydrocarbons as 
well as the common alcohols, 
ketones, and esters. Protective 
coatings that give good protec- 
tion against fresh and salt water, 
as well as solvent resistance, are 
based on these polymers. Major 
uses include hose, printing rollers, 
permanent putties, gaskets, and 
binders for various fibrous ma- 
terials. 

Silicone rubbers: Silicone ruk- 
bers are a unique group of poly- 
mers in which silicon-oxygen 
linkage has replaced the usual 
carbon-carbon linkages in the 
backbone of the polymer chain. 
The silicone is supplied as a gum 
which is processed on standard 
rubber equipment. It is mixed 
with suitable fillers and cured at 
high temperatures. Curing is 
normally carried out by means of 
peroxidic agents, e.g., benzoyl 
peroxide. The outstanding prop- 
erties of the silicones are ex- 
treme resistance to temperature 
changes; they remain flexible 
over a temperature range of —100 
to 500° F. and may be used up to 
600° F. in some cases. They are 
also unaffected by ozone and are 
highly resistant to hot oils. Elec- 
trical properties are excellent. 
The tensile strength of the poly- 
mer is low, and it is attacked by 
steam, acids, strong’ alkalies, and 
some solvents. Very finely divided 
aluminas and silicas give con- 
siderable improvement in tensile 
strength. Silicone rubbers have 
found extensive use in wire in- 
sulation, tubing, packing, and 
gaskets, particularly where ex- 
treme heat resistance is needed. 
Dispersions and pastes are also 
available, and are used for dip 
coating, spraying, brushing, and 
spreading. 

Polyurethane 
polyurethane 


rubbers: The 
rubbers are elas- 
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tomeric materials prepared by 
reacting a polyester or a polyether 
containing terminal hydroxyl 
groups with a diisocyanate (e.g., 
toluene diisocyanate) and so- 
called “cross-linking” chemicals. 
Alternatively, the hydroxyl com- 
pounds may be treated with an 
excess of diisocyanate to give ma- 
terisis with terminal isocyanate 
groups which can still be worked, 
and the final curing carried out 
with polyfunctional agents such 
as water, glycols, diamines, and 
amino-alcohols. When water is 
used as a cross-linking agent, 
carbon dioxide is evolved. There- 
fore, the material must be worked 
to allow the gas to escape before 
press curing. The preformed poly- 
urethane may be used as a solid 
to be mill-mixed like rubber, or 
as a liquid for use in casting 
processes. The final products from 
the polymers are characterized by 
high tensile and tear strengths 
and excellent abrasion resistance 
without the necessity for fillers, 
although reinforcement with car- 
bon black results in still better 
properties. The first polyurethanes 
were not resistant to acids or 
alkalies but some newer types are 
greatly improved in this respect. 
In making foams, a polyether or 
polyester terminated by hydroxyl 
groups is first reacted with an ex- 
cess of diisocyanate and there- 
after with water and usually a 
tertiary amine catalyst. Simul- 
taneous polymerization and blow- 
ing takes place to form a foam 
which has high modulus and is 
useful in making a variety of foam 
sponge objects. 

Fluororubbers: The chemical 
inertness and_ insolubility of 
fluorinated organic compounds is 
being exploited in the develop- 
ment of polymers for use under 
extreme conditions of heat and 
solvent attack. Polytrifluoro- 
chloroethylene is already well- 
established in this field. Another 
recent product is a copolymer of 
vinylidene fluoride and hexa- 
fluoropropylene (Vitone A). Also, 
other related products are coming 
into production. Costs are high, 
but the desired properties out- 
weigh this factor in a wide variety 
of applications. The fluororubbers 
are characterized by extreme re- 
sistance to solvents and heat, good 
dielectric strength, and marked 





lack of adhesive tendencies. Use- 
ful temperature ranges extend up 
to 500° F. for continuous, and to 
600° F. for intermittent service. 

Chlorosulfonated polyethylene: 
Another somewhat recent syn- 
thetic rubber, Hypalon, is chloro- 
sulfonated polyethylene. It can be 
compounded with suitable ingre- 
dients and the resultant mixes 
may be used to produce extruded, 
calendered, or molded products. 
Also, solutions in solvents may be 
used for a variety of protective 
coatings. 

Synthetic natural rubber: New 
processes involving “stereospecific 
polymerization” have resulted in 
duplication of natural rubber. 
This development, which is going 
into large pilot-plant scale opera- 
tion, is a very progressive step 
and can make the world inde- 
pendent of the need of Far East- 
ern rubber. These new products 
have been checked in all aspects 
against natural rubber and ac- 
cording to all available reports 
little or no difference can be 
found between these synthetic 
materials and natural rubber. It 
is known that quite different 
catalytic systems are used to pro- 
duce very similar end-results. 
Basically, the reaction is the poly- 
merization of the monomer to cis- 
1,4-polyisoprene which has a 
minimum of trans-1,4-polyiso- 
prene. This, in effect, produces a 
polymer of uniform structure 
and contributes to the effect of 
crystallization which in turn aids 
in obtaining the high gum tensiles 


Artificial flowers created 


from nitrile rubber-treated 
papers resist tearing. 
(Photo, B. F. Goodrich) 














Purification of crude buta- 
diene intended for the syn- 
thetic rubber market takes 
place in these units. (Photo, 
Petro-Tex Chemical) 


and other qualities of natural 
rubber. Indications are that these 
new elastomers cannot be pro- 
duced with the present synthetic 
rubber type equipment and that 
new installations as well as pro- 
cedures will have to be developed 
before large quantities will be 
available. 


Other rubbers 
Other 


specific 


rubbers from stereo- 
polymerization: The 
stereospecific polymerization is 


a mass or solvent system and not 


only is capable of forming “syn- 


thetic natural rubber” but by 
using a suitable catalyst com- 
position forms “synthetic balata 
or gutta percha,” the trans-1,4- 
polyisoprene. Other rubbers re- 
sulting from this process are 
cis-1,4-polybutadiene and trans- 
1,4-polybutadiene, as well as some 
saturated rubber-like materials 
from copolymerization of ethylene 
and propylene. These are not yet 
on a commercial scale. The cis- 
1,4-polybutadiene and modifica- 
tions of it are compounded and 
vulcanized similar to natural rub- 
ber and butadiene-styrene co- 
polymer rubbers. 


Rubber derivatives 

A considerable variety of de- 
rivatives, mostly of a resinous 
nature, are prepared from rubber 
by treatment with chemical 
agents. Natural rubber is used 
primarily as the raw material. 
Although all of the reactions have 
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been carried out with synthetic 
rubber (usually butadiene-sty- 
rene types), reaction conditions 
are more drastic, and the products 
have not reached large-scale pro- 
duction. However, resinous prod- 
ucts prepared directly from the 
monomers used in synthetic rub- 
ber production (primarily buta- 
diene-styrene copolymers con- 
taining high levels of styrene) 
have reached very large-scale 
production and have to a certain 
extent replaced natural rubber. 

Cyclized rubber: Treatment of 
natural rubber with strongly 
acidic reagents (sulfuric or sul- 
fonic acids, stannic chloride, etc.) 
causes a rearrangement of the 
molecules with the formation of 
cyclic structures. About one-half 
of the original unsaturation is 
lost. The resulting products are 
hard, resinous, and thermoplastic 
rather than rubbery. They are 
supplied as powders or granules. 
They have good solubility and 
produce flexible films having ex- 
cellent chemical resistance and 
low water-vapor penetration. Ad- 
hesives based on these products 
give very strong metal-to-rubber 
bonds. Major uses are as stiffening 
agents in natural and synthetic 
rubber vulcanizates, in paper 
coatings, as adhesives, in printing 
inks, and in hot-melt coatings. 

Chlorinated rubber: Chlorine 
both adds and substitutes in the 
rubber molecule. Products con- 
taining 65 to 70% chlorine are 
produced as thermoplastic resins. 
They are resistant to the action of 
moisture, oils, and many corro- 
Solutions in 
chlorinated solvents are used for 
paints and lacquers. Films of low 
permeability to water can be pre- 
pared. Chlorinated rubber is 
odorless, tasteless, nontoxic, and 
nonflammable. 

Rubber hydrochloride: Hydro- 
gen chloride adds to natural 
rubber to give a thermoplastic 
product containing about 30° 
chlorine. It is produced as film in 
a variety of thicknesses by sol- 
vent-casting techniques. Strength 
of the film is greatly increased by 
tensilizing (stretching in two di- 
rections). Rubber hydrochloride 
is used primarily for packaging 
and in wearing apparel. 

Depolymerized rubber: Natural 
rubber can be depolymerized to 


sive chemicals. 


such an extent that it is a liquid 
at normal temperatures. This ma- 
terial is used as a plasticizer for 
resins, rubber, and the like. It can 
also be cured by conventional 
agents and is used as a potting 
compound, particularly for cable 
connectors. Liquid synthetic rub- 
bers, particularly polybutadiene 
and nitrile types, are also avail- 
able. They are made by direct 
polymerization to the desired 
low-molecular-weight. 
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Vinyl Polymers and Copolymers 


BY B. BAUM* 


Avtincuc the existence of 
vinyl resins was known for more 
than 50 years, it was not until the 
early 1930’s that vinyl polymers 
and copolymers gained commer- 
cial importance. Manufacturers 
then began to realize that vinyl 
resins were bringing forth ma- 
terials which, in their versatility 
and breadth of application, were 
unlike anything heretofore de- 
veloped. Commercial exploitation 
of vinyls was made _ possible 
largely by the incorporation of a 
plasticizer into the resin formu- 
lation. These plasticizers, which 
are a special class of resin sol- 
vents distinguished from ordinary 
solvents by their low volatility, 
* Development Dept., Bakelite Co., Div. of 
Union Carbide Corp., Bound Brook, N. J 
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enable a rigid plastics material to 
become flexible and_ therefore 
useful for many varied applica- 
tions. In addition, before these 
versatile vinyl resins could actu- 
ally be used to advantage com- 
mercially, the problem of resin 
degradation from heat and light 
had to be resolved. Available to- 
day are numerous. excellent 
stabilizers such as salts of cad- 
mium, lead, tin, and _ barium. 
These materials protect the resins 
during processing as well as in 
their many end applications. The 
continued development of new 
resins, plasticizers, stabilizers, 
and other compounding ingre- 
dients offers great future promise 
for the vinyl industry. 

There are several methods of 
polymerization. These include: 


Suspension polymerization: 
Commercially, this method is the 
most widely used; it is applicable 
to both the polymers and co- 
polymers of vinyl chloride. Sus- 
pension polymerization employs 
a water medium, the water being 
dispersed in droplet size by a dis- 
persing agent. The catalyst is usu- 
ally an organic peroxide soluble 
in the monomer phase. The poly- 
mer is filtered from the water 
suspension in the form of hard, 
dense particles. 

Solution polymerization: In this 
system, both the monomer and 
catalyst are dissolved in a suitable 
solvent. Polymerization takes 
place in an autoclave at a some- 
what elevated temperature. The 
polymer is usually precipitated 
from solution, dried, and sold as 











A vinyl acetate-acrylic terpolymer (Flexbond 
306, Colton Chemical Co., Div. of Air Reduc- 
tion Co., Inc.) combines in a single emulsion 
some of the better properties of acrylics and 
polyvinyl acetate. It has a high degree of flex- 
ibility, is very water-resistant, and has excel- 
lent pigment-binding capacity. A new poly- 
vinyl alcohol (Vinol 1500, Colton Chemical 
Co.), believed to be the highest-viscosity poly- 
vinyl alcohol commercially available, is sug- 
gested for use where maximum thickening is 
desired with the least amount of polyvinyl al- 
cohol. 


Transparent polyvinyl! chloride plate (Kaykor 
Industries Div., Kaye-Tex Mfg. Corp.) shows 
the same wide range of chemical resistance 
and tough physical characteristics as conven- 
tional, opaque, unplasticized PVC. It is formu- 
lated for applications requiring both corrosion 
resistance and light transmission, such as lab- 
oratory hoods and small plating tanks. 


A new method of polymerization (Q Process, 
Dewey & Almy Chemical Co., Div. of W. R. 
Grace & Co.) permits the manufacture of vinyl 
acetate polymers and copolymers without pro- 


tective colloids or emulsifiers. The new poly- 
mers contain practically no water-soluble, 
leachable components, and paints made from 
them are virtually free from water spotting. 
Emulsions have better wet adhesion than con- 
ventional vinyl acetate polymers and copoly- 
mers. 


A new polyvinyl chloride dispersion resin 
(Pliovic VO, The Goodyear Tire & Rubber Co.) 
for plastisol and organosol applications, ex- 
hibits exceptional electrical properties and vis- 
cosity stability characteristics. Low initial vis- 
cosity and good shelf life permit wide flexibility 
to the manufacturer in his choice of com- 
pounding ingredients. 


Vinylidene chloride-lined pipe, valves, pumps, 
and fittings (The Dow Chemical Co., dis- 
tributed by Saran Lined Pipe Co.) are avail- 
able for use in handling corrosive liquids and 
gases. The lining expands and contracts to 
approximately the same degree as steel cas- 
ing, making possible its use in a wider range 
of applications. The lining is recommended for 
service between zero and 200° F. 


(Continued on p. 166) 
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A polyvinyl chloride plastisol (Quel-Spray, 
Quelcor, Inc.) can be sprayed on cold vertical 
metal surfaces to protect against chemical cor- 
rosion. It requires no thinner, can be left in 
the gun overnight, and loses no thickness from 
wet to dry film when cured at approximately 
350° F. 


A new line of low-plasticized vinyl disper- 
sions (Rigidsol, Watson-Standard Co.), in a 
range of hardnesses up to 60 on the Shore D 
Durometer scale, are furnished as one-pack- 
age, low-viscosity, free-flowing liquids. Heat- 
ing to 350 to 400° F. converts them to a tough, 
nonbrittle, rigid elastomer. 


Polyvinyl acetate homopolymer emulsions 
(Reichhold Chemicals, Inc.) for the wood- 
working, textile and nonwoven fabrics, paper, 
packaging, and general adhesives industries 
are now available in tank car quantities. 


A new polyvinyl chloride resin (610, Great 
American Plastics Co.) is a general-purpose, 
high-molecular-weight polymer with excellent 
electrical properties. It is especially suitable 
for extrusion. A medium-molecular-weight 
polymer (620) is recommended for calender- 
ing, injection molding, and extrusion. 


A powder form of polyvinyl acetate (Vinac 
RD, Colton Chemical Co., Div. of Air Reduc- 
tion Co., Inc.), readily redispersible in water, 
can be used where a high percentage of water 
cannot be tolerated in a finished product or in 
an intermediate stage of formulation or blend- 
ing of dry materials, It may be added to emul- 
sions with moderate agitation to increase the 
solids content if desired. The product is ex- 
ceptionally useful as an additive for dry con- 
crete mixes, 


A solventless vinyl adhesive (Epocast 126, 
Furane Plastics, Inc.), for “welding” vinyl 
compounds, may increase the use of decorative 
vinyls in automotive and aircraft metal in- 
teriors. It bonds vinyl sheets to steel, alumi- 
num, masonite, wood, and other surfaces. Rigid 
as well as most semirigid sheets can now be 
bonded to concrete and metal. 


A series of polyvinyl chloride homopolymer 
resins (“Pearls”, Escambia Chemical Corp.) 
are characterized by an extremely large, uni- 
form particle size. Since “fines” are absent, the 
resins are dust-free in factory operations. 
They will absorb up to twice as much plasti- 
cizer as any competitive resin, permitting the 
use of a larger percentage of low-temperature 
plasticizers. The resins are particularly useful 


for dry blends because they produce a com- 
pound that is uniform and free flowing, and 
maintains these properties even at abnormally 
high plasticizer levels. 


Two plastisol formulations (Chemical Div., 
The Goodyear Tire & Rubber Co., Inc.), based 
on a vinyl dispersion (Pliovic AO) and a 
medium-viscosity resin (Pliovic S70), can be 
used in rotational or slush molding operations. 
Use of a relatively small amount of plasticizer 
in these resin combinations furnishes excel- 
lent hardness in finished products. 


A new plastisol compound (RC Rigid Plas- 
tisol, Rubber Corp. of America) couples low 
viscosity with a Shore A hardness of 100 when 
fused. Among its possible applications are cast- 
ing of reproductions of art masterpieces, man- 
ikin forms, top coating for vinyl-coated fab- 
rics, tool handles, and coating for rolls and 
pulleys which are utilized in business ma- 
chines. 


Nylon-reinforced modified PVC flexible 
tubing (Aircon 10-1010, Airconductors) has a 
temperature range from —65 to 200° F., de- 
pending upon pressure and contaminants. The 
tubing is designed for use as ducting to convey 
liquids, gases, and air under pressure; as 
plumbing to transmit corrosive acids and al- 
kalies; and as flex conduit for electrical and 
electronic equipment. 


A new dry-blend vinyl resin (QYRS, Bake- 
lite), used with a new extrusion technique, 
will process 10 to 15% faster than conventional 
dry-blend resins. The resin is made by the sus- 
pension process and can be blended with plas- 
ticizer and other ingredients in a mill or ex- 
truder. 


Vinyl acetate-vinyl stearate emulsion (Flex- 
bond 100, Colton Chemical Co., Div. of Air 
Reduction Co., Inc.) is recommended for the 
formulation of textile coatings, adhesives, satu- 
rants, paper coatings, binders, paint finishes, 
and protective coatings. Its film properties in- 
clude high water resistance, fine particle size, 
clarity, transparency, permanent flexibility, 
good adhesion, nontoxicity, and greaseproof- 
ness. 


A new polyvinyl chloride compound (Opalon 
71344, Monsanto Chemical Co., Plastics Div.) 
is formulated for use as primary insulation on 
aircraft wire. Wire insulated with the product 
is suitable for use in temperatures ranging 
from —55 to 105° C. Extrusion characteristics 
are good. 
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a finely-divided powder. Due to 
the poor solubility of polyvinyl 
chloride, this method is generally 
used only for copolymers. 

Bulk polymerization: In this 
system, the only materials pres- 
ent in the autoclave during poly- 
merization are the monomer and 
peroxide catalyst. As it forms, the 
polymer is insoluble in its own 
monomer; it is then separated in 
a fluffy form from the monomer 
by filtering or centrifuging. Bulk, 
as well as suspension and solu- 
tion polymerization, gives resins 
that are free from ionic impurities 
and therefore useful for electrical 
applications. Resins polymerized 
by the bulk method readily absorb 
plasticizers. 

Emulsion polymerization: Vinyl 


POLYVINYL CHLORIDE 


polymers can be polymerized in 
an aqueous medium containing 
an emulsifier and a water-soluble 
initiator. A typical “recipe” would 
consist of the following ingre- 
dients: 


Additives Parts by weight 

Monomer 100 

Water 180 

Fatty acid soap (such as 
sodium lauryl sulfate) 2to5 


Potassium persulfate 0.1 t0 0.5 


This technique results in a col- 
loidal suspension of the polymer 
in water. Emulsion polymeriza- 
tion is more rapid than bulk or 
solution polymerization, but un- 
like these methods, it leaves ionic 
ingredients in the polymer which 
degrade the electrical properties. 





Polyvinyl chloride is a_ hard, 
tough, transparent, thermoplastic 
resin characterized by high in- 
herent strength. One of its out- 
standing properties is that it can 
be plasticized to a high degree of 
flexibility and still maintain ap- 
preciable strength. Vinyl chloride 
resins have exceptional resistance 
to many chemicals such as acids, 
alkalies, alcohols, and aliphatic 
hydrocarbons. In addition, they 
are resistant to oxidation and are 
self-extinguishing. These prop- 
erties are dependent, to a certain 
extent, upon the modifying in- 
gredients that may be added. 
Plasticizers, stabilizers, fillers, and 
pigments may all contribute to a 
significant change in the proper- 
ties of the end product. The in- 
corporation of heat stabilizers is 
required for the commercial use 
of polyvinyl chloride resins. For 
outdoor applications, light stabi- 
lizers also have to be incorporated. 
The most important types of 
polyvinyl chloride resins now be- 
ing produced are general-purpose, 
paste-type, and water-dispersed. 

General-purpose resins are 
granular white powders. with 
particle diameters in the range of 
0.0025 to 0.0060 inch. They are 
either round, marble-like spheres, 
or porous, spongy particles de- 
signed to absorb plasticizers 
faster during processing. The 
specific gravity of the resin is 
approximately 1.4, and compound 


gravities range from 1.24 to 1.7, 
depending upon type and prop- 
erties of ingredients. Tensile 
strength ranges from 1400 p.s.i. 
in highly plasticized compounds 
to 9000 p.s.i. in unplasticized com- 
pounds. 

Like the general-purpose type, 
paste-type resins are white pow- 
ders high in molecular weight, but 
their particle size is much smaller 
—in the range of 0.1 to 2.0 microns 
in diameter. These resins are used 
mainly in plastisol applications. 
When mixed with a plasticizer 
and fused by heating, useful end 
products are formed. The final 


properties of the compounded 
resins are similar to those of the 
general-purpose compounds, but 
because more plasticizer is used 
in processing, the end products 
are not so hard. 

Water-dispersed resins or 
latices are finely-divided resin 
particles, approximately 0.2 
microns in diameter, suspended in 
water to about 50% total solids. 
The resin gravity is about 1.4, 
while the latex gravity averages 
1.19. It can be modified by adding 
plasticizers as emulsions, and 
by using solid modifiers as disper- 
sions. 

Polyvinyl chloride resins are 
blended with various ingredients 
which make them suitable for 
many applications. The more 
important commercial forms are 
plasticized compounds, disper- 
sions, plastigels, plastics alloys, 
and vinyl foams. 


Plasticized compounds 


Plasticizers are added to poly- 
vinyl chloride resins to obtain 
flexibility. The end use or the 
compound governs the selection 
of a_ particular plasticizer. 
Through the use of suitable 
plasticizers, vinyl chloride resins 
can be formulated for primary 
electrical insulation, and general- 
purpose wire and cable jacketing 
material. Such compounds pro- 
vide high dielectric strength as 
well as toughness and chemical 
and moisture resistance. Con- 
stituents must be selected for the 


Rotationally molded hobby horse body, 32 in. long and weighing 
almost 6 Ib., is typical of new applications opening up for the vinyl 
plastisol materials. (Photo, Storkline Furniture Corp.) 
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Wall for U. S. pavilion at 
Brussels Fair is made up 
of 4000 2-by-5 ft. vinyl 
panels. (Photo, Bakelite) 


desired electrical properties. For 
example, aliphatic plasticizers are 
preferable for obtaining the best 
low-temperature flexibility; aro- 
matic esters and polyesters gen- 
erally impart a low degree of 
extractability to the end product 
of the compound. 

Recently, there have been sev- 
eral developments of specialized 
plasticizers for specific applica- 
tions. One, based on a mixture of 
iso- and terephthalate, rather 
than on ortho-phthalate ester, is 
designed not to mar nitrocellulose 
lacquer. Another new material 
satisfies the long-standing de- 
mand for a vinyl chloride resin 
that does not need an external 
plasticizer. The plasticizer is built 
into the therefore 
eliminating the problems involved 
in the loss of plasticizer by ex- 
volatilization. Also 
available is a material that acts 
initially as a plasticizer and can 
then be polymerized in situ with 
a peroxide catalyst. This new type 
plasticizer results in the produc- 
tion of a low-viscosity plastisol, 
but the ultimate product is a hard, 
rigid material. It also allows a 
wider latitude in formulation. 


molecule, 


traction or 


Dispersions 
There are two commercially 
useful types of dispersions—plas- 
tisols and organosols. Plastisols 
are mixtures of resins and plasti- 
cizers. Organosols contain volatile 


liquids as well as resins and plas- 
ticizers. Thick, tough film can be 
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obtained from these high-solids 
content materials based on vinyl 
chloride and _ vinyl  chloride- 
acetate resins. The dispersion 
technique has made possible a 
great number of useful, economi- 
cal industrial coatings, formed by 
fusing at approximately 325 to 
350° F. These coatings are heavier 
than those formed with copolymer 
resin-based solution coatings and 
suited for fabric, 
paper, and wire. The organosols 
may also be used as high-gloss 
metal finishes and dip coatings for 
such applications as electroplat- 
ing racks and dish drainers. Plas- 
tisols can be slush molded into 
articles of complex shape with 
thin sections beyond the capabil- 
ity of standard molding equip- 
ment. 


are_ ideally 


Piastigels 


Through the addition of various 
metallic soaps or certain organo- 
philic fillers, the plasticizers com- 
monly employed in compounding 
vinyl chloride resin-based plasti- 
sols can be gelled. Such modified 
plastisols have a putty-like con- 
sistency, yet flow readily under 
moderate pressures. When this 
pressure is removed, the flow is 
arrested by the rapid reformation 
of the gel structure. These gels 
retain their form up to 400° F. in 
some instances. Known as plasti- 
gels, these substances offer added 
fields of utility for vinyl chloride 
resins in dispersion form. 

Plastigels may be extruded, 
calendered, molded, spread, em- 
bossed, or otherwise manipulated 
at room temperatures under 
moderate pressures such as those 
used for clay. This gives the plas- 
tigels the advantage of being fab- 
ricated by ordinary clay or pot- 
tery techniques. Floor tile and 
sheeting can be extruded, em- 
bossed, and cured in a strain-free 
state in the same manner as 
ceramic tile. Tubing and wire 
coatings can be extruded under 
low pressures in the plastigel 
state and cured in an oven or a 
hot liquid bath. 


Plastics alloys 


The use of physical mixtures 
of polyvinyl chloride and other 
resins is rapidly expanding. Poly- 
vinyl chloride has been blended 
with styrene-acrylonitrile, buta- 


diene-acrylonitrile, neoprene, and 
butadiene-vinylidene chloride to 
give greater impact resistance to 
pipe and similar products. 


Vinyl! foams 


Foams are cellular structures 
formed through the expansion of 
a fluid material by a gas. The gas 
is usually evolved by the degra- 
dation of a chemical known as a 
blowing agent, which decomposes 
under heat, giving off copious 
amounts of gas. The plastic then 
expands and fills the mold used. 
If desired, of course, the cavities 
of the molds can be contoured to 
specific shapes, e.g., toys, novel- 
ties, etc. 

Depending on the production 
technique and formulation, the 
foams can be open-cell or closed- 
cell, flexible or rigid. Among the 
advantages to be obtained with 
these materials are good aging 
properties, chemical resistance, 
fire resistance, and a low degree 
of permanent set. An additional 
feature is the ease with which 
vinyl foams can be fabricated. 
Presently-employed fabricating 
techniques include cored and 
contour molding, molded products 
with integral surfacing materials, 
slab or sheet applications, elec- 
tronically heat-sealed vinyl foam 
slab, and electronically heat- 
sealed laminated structures. 


Applications 

One of the initial uses of vinyl! 
chloride resins—electrical insula- 
tion—is an extremely large 
market today. Type TW, vinyl 
resin wire insulation, combines 
excellent electrical properties 
with fire resistance, abrasion re- 
sistance, ease of installation, and 
unlimited durability. 

In the form of film (0.003 to 
0.010 in.) and sheet (0.010 in. and 
thicker), vinyl chloride resins 
have found a practically inex- 
haustible market. From showe1 
curtains and inflatables to vapor 
barriers and silo covers, these 
resins have proved their service- 
ability. Among the new applica- 
tions for polyvinyl chloride resins 
are a clear sheeting with excel- 
lent transparency for auto seat 
covers, and a_highly-polished 
sheeting for handbags and lug- 
gage. 

One of the biggest and still- 
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growing uses for vinyl chloride 
resins is in floor covering. Used 
most widely in resilient-type tile, 
these resins offer excellent abra- 
sion resistance and the oppor- 
tunity for attractive design. 

Extruded products include 
garden hose, refrigerator gaskets, 
intravenous tubing, window chan- 
nel seals, sliding door track, cove 
base for flooring, rigid pipe, and 
rigid channel strip for window 
frames. 

Some of the more prominent 
molded plastisol products are soft 
items such as grommets, slush 
molded boots, and rotational-cast 
doll parts. Rigid items, such as 
molded pipe fittings, phonograph 
records, electrical plugs, press- 
formed rigid trays used by 
photographers, tote boxes, and the 
like, are molded by conventional 
methods. High-resin-content, 
low-viscosity plastisols have con- 
tributed greatly to this expan- 
sion in plastisol molding and are 
expected to contribute even more 
by making it possible to combine 
molding and vinyl sponge forma- 
tion. 

Coatings based on polyvinyl 
chloride resins are applied to 
cloth, paper, wood, and metal for 
use as upholstery, clothing, wall 
paper, and plywood veneer. A 
growing market for the vinyl 
coatings is as a protective, attrac- 
tive, and warm-to-the-touch cov- 
ering for 
housings. 


business machine 
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Polyvinyl acetate is prepared by 
the polymerization of vinyl ace- 
tate in the presence of a catalyst 
in a manner similar to vinyl 
chloride polymerization. Vinyl 
acetate resins are characterized 
by the absence of color, odor, 
taste, and _ toxicity. Polyviny] 
acetate is available either as a 
granular resin or as a dispersion 
in water. These resins are readily 
soluble in ketones, esters, aro- 
matic hydrocarbons, and chlori- 
nated hydrocarbons. They are 
insoluble in water, aliphatic 
hydrocarbons, glycols, higher al- 
cohols, oils, and fats. A large 
portion of these resins goes into 
making adhesives and coatings. 
Properly formulated, they can be 


Inflatable toys continue to grow as a market for tough, tear-resist- 
ant, yet soft and flexible, vinyl film. (Photo, Bakelite) 


applied by brushing, 
calendering, 


molding, 
dipping, and roll 
coating. Adhesive applications of 
polyvinyl acetate include the 
bonding of cellophane, paper, 
cloth, mica, ceramics, metal, stone, 
wood, leather, glass, and cellulose 
ester sheets and film. Commer- 
cially, they are used as binders 
for metallic inks and for textile 
sizing. 

In coating applications, latices 
of these resins have wide ac- 
ceptance as a base for sealers, 


finishes, and 
exterior masonry coatings. Poly- 
rinyl acetate latices have excel- 
ent pore-filling qualities, are 
resistant to wood gums, oil-base 
top coats, acids, and alkalies, and 
eliminate the need for flammable 
solvents. These resins have proved 
valuable as vehicles for paints and 
as saturants for fibrous materials 
where grease resistance and tear 
and wet strength are among the 
more important properties that 
are required. 


interior wall 
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Copolymerization of vinyl chlo- 
ride with vinyl acetate results in 
a material which retains the 
toughness and chemical resistance 
of polyvinyl chloride and has in- 
creased flexibility. These 
copolymers are odorless, tasteless, 
water-resistant, and _ self-extin- 
guishing; they possess good 
dielectric properties and a low 
order of toxicity. The vinyl chlo- 
ride content in these copolymers 
varies from 85 to 97 percent. Both 
solution and poly- 
merization techniques are being 
used to manufacture this type of 
resin. 

Also like their parent polymers, 
vinyl chloride-acetate resins are 
modified by the addition of plas- 
ticizers, heat stabilizers, pigments, 
and fillers to obtain a variety of 
products. They are supplied as 
sheets, rods, tubes, granules, 
and dispersions, and 
may be fabricated by standard 
molding, extrusion, calendering, 


suspension 


powders, 
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casting, and coating techniques. 
Vinyl chloride-acetate copoly- 
mers have been particularly use- 
ful as coatings and in the form 
of unplasticized sheets. These 
copolymers are ideal for the for- 
mulation of solution coatings for 
a variety of applications. They 
may be dissolved in ketones, 
ethers, esters, and chlorinated 
hydrocarbons. Aromatic hydro- 
carbons, such as xylene and 
toluene, are commonly employed 
as diluents. As sheets, these resins 
are produced commercially with 
calendered, matte, or planished 
finish in a variety of thicknesses, 
colors, and degrees of trans- 
parency. One of the fastest-grow- 
ing applications for these resins 
is skin-packaging with cast vinyl 
film. In this process, film, made 
by casting dispersions 
metal belt, is vacuum 
tightly over the 
packaged. 
Durable, flame- and chemical- 


onto a 
drawn 
items to be 
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resistant fabrics, protective cloth- 
ing, and filter and anode bags may 
be woven from extruded vinyl 
chloride-acetate resin monofila- 
ments, which are shrink-resistant 
at normal temperatures. Elas- 
tomeric materials compounded 
from this polymer have excel- 
lent abrasion resistance, tensile 
strength, and flexibility over a 
wide range of temperatures. Elas- 
tic sheeting and film of vinyl 
chloride-acetate resins are used 
for upholstery, handbags, luggage, 
gaskets, and packaging applica- 
tions. Vinyl chloride-acetate resin 
elastomers may be extruded into 
rods or tubes which are to be 
used as electrical jacketing and 
insulation. 


POLYVINYL ALCOHOL 





Since vinyl alcohol does not 
exist in monomeric form, vinyl 
alcohol resins cannot be prepared 
by direct polymerization. They 
are produced by the hydrolysis 
of polyvinyl acetate in an alcohol 
solution, using acid or alkali 
catalysts. Acid catalysis is pre- 
ferred since it has been found 
that alkaline hydrolysis gives an 
undesirable color to the product. 
The degree of hydrolysis is a 
governing factor in the properties 
of the end products. These resins 
are generally soluble in water. 

Polyvinyl alcohol resins are 
processed by molding, extrusion, 
and solution coating. These resins 
produce tough, flexible products 
that are impervious to gases and 
water-insoluble solvents, such as 
aromatic and aliphatic hydro- 
carbons, chlorinated hydrocar- 
bons, and animal and vegetable 
oils. 

Products made from these 
resins are used in industrial hose 
assemblies, lubrication systems, 
X-ray equipment, and in labora- 
tory and pilot plant installations. 
In sheet or molded form they are 
used as diaphragms, gaskets, and 
friction rollers. 

Presently, efforts are under way 
to improve the water resistance 
of these materials. Partial acety- 
lation has been one method tried. 
Another development with this 
resin is a novel copolymer made 
with silane monomers for use as 
a varnish. Other new applications 
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for polyvinyl alcohol are sponges 
and sizings that are applied to 
glass fibers. 
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These resins differ from poly- 
mers of vinyl chloride and vinyl 
acetate in that they do not result 
from the polymerization of mono- 
mer. Instead, polyvinyl acetals 
are produced from a condensation 
of polyvinyl] alcohol with an alde- 
hyde. A polyvinyl acetate of a 
desired molecular weight is first 
dissolved in a solvent such as 
methanol and then hydrolyzed to 
polyvinyl alcohol. This hydrolysis 
product is reacted with an alde- 
hyde in the presence of moderate 
heat and a suitable catalyst, such 
as sulfuric or hydrochloric acid, to 
yield a typical cyclic acetal struc- 
ture. There are three main groups 
of polyvinyl acetals—polyvinyl 
acetal itself, made with acetalde- 
hyde, polyvinyl butyral, and 
polyvinyl formal—all having out- 
standing adhesive qualities. 

Polyvinyl acetal: This resin is 
used most often in adhesives, im- 
pregnating coatings, photographic 
film, sheets, rods, and tubes. Be- 
cause vinyl acetal resins have a 
slight yellowish cast, their use- 
fulness is limited to applications 
in which color is not a decisive 
factor. Polyvinyl acetal is proc- 
essed by casting, coating, extru- 
sion, and molding. 


Polyvinyl butyral: Because of 
its high degree of clarity, even 
under adverse conditions of mois- 
ture, heat, and cold, this resin is 
best known for its use as an elas- 
tic sheeting for safety-glass inter- 
layers. However, it also performs 
in an outstanding fashion as a 
base for wash primers or metal 
conditioners. Applied in an ex- 
tremely thin film, this conditioner 
provides an excellent adhesive 
bond for subsequent coats as well 
as a temporary resistance to cor- 
rosion. Phenolic, alkyd, and oleo- 
resinous paints adhere to the 
wash primer, usually with im- 
proved performance. This primer 
permits an all-vinyl system to be 
used in marine and industrial ap- 
plications. For this application, 
and for molding compounds, vinyl 
butyral resins are supplied as 
solution-grade granules. These 
resins can also be cross-linked by 
phenol-formaldehyde and urea- 
formaldehyde resins to produce 
coatings and adhesives for bond- 
ing phenolics, rubber, cork, as- 
bestos board, wood, _ glass, 
ceramics, cloth, paper, and metals. 

Polyvinyl formal: Used chiefly 
in wire coatings in combination 
with cresylic phenolics, or other 
impregnants, these resins can also 
be molded, extruded, or cast. Like 
polyvinyl butyral, this resin re- 
sists alkalies, greases, oils, and 
water. However, it is not as com- 
patible with other resins as is 
polyvinyl butyral. 


POLYVINYLIDENE CHLORIDE 





When vinylidene chloride is 
polymerized alone or copolymer- 
ized with vinyl chloride, a series 
of resins is produced, ranging 
from a flexible, moderately solu- 
ble material with a softening point 
of about 160° F., to a hard, tough 
product with a softening point of 
335° F. or more. These resins are 
characterized by extremely low 
water vapor transmission, and 
exceptional oil, grease, and chemi- 
cal resistance. These properties 
are due, at least in part, to the 
high crystallinity of the resin. 
The basic resins are nonflam- 
mable and are soluble only in 
cyclic ethers and ketones. The in- 
solubility in most chemicals of 
some vinylidene chloride resins 


allows them to be used in many 
applications requiring exceptional 
chemical resistance. These poly- 
mers are compatible with very 
few other resins and plasticizers; 
however, they can be modified for 
specific applications. 

Polyvinylidene chloride resins 
have been found particularly well- 
suited for injection molding and 
extrusion. Extruded and oriented, 
these resins are used in weaving 
upholstery fabrics, draperies, and 
weather-resistant screening, as 
well as for rigid pipe and fittings. 
In film form, polyvinylidene 
chloride resins are used for a 
variety of heat-sealing packag- 
ing applications. 

Vinylidene chloride has been 
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used most often when copoly- 
merized with vinyl chloride. Be- 
cause of the greater solubility of 
this copolymer, these resins are 
more valuable in the solution- 
coating field than is either homo- 
polymer. Copolymers of vinyli- 
dene chloride-vinyl chloride can 
be used in metal and fabric coat- 
ing and in casting or calendering 
films. These films and coated ma- 
terials can be easily heat-sealed at 
temperatures ranging from 275 to 
320° F. The copolymers can also 
be extruded to produce flexible 
tubing and electrical insulation 
for a variety of different applica- 
tions. Polyvinylidene chloride 
copolymerized with acrylonitrile 
also possesses certain advantages 
for specialized end uses. 


OTHER VINYLS 





Polyvinyl alkyl ethers: These 
resins are the result of the homo- 
polymerization and copolymeriza- 
tion of the end products of the 
catalytic addition of acetylene 
to aliphatic alcohols. Polyvinyl 
methyl ether is a linear polymer 
characterized by its solubility in 
an extremely wide variety of sol- 
vents, its tacky nature, its solu- 
bility in cold but not hot 
water, and its compatibility with 
numerous other resins and poly- 
mers. It is supplied in unmodified 
form in 50% aqueous solution, or 
in 50% solution in various or- 
ganic solvents such as isopropanol 
and toluene. Included in this class 
of resins are vinyl methyl ethers, 
vinyl ethyl ethers, and a linear 
copolymer consisting of alternat- 
ing methyl] vinyl ether and maleic 
anhydride units. This latter resin 
is soluble in both water and 
organic solvents. These resins 
offer good aging characteristics, 
low order of toxicity, ease of proc- 
essing, and good _ adhesive 
qualities. Applications include 
pressure-sensitive adhesives, 
tackifiers in adhesives, and bind- 
ers in paper, textile, and leather 
industries. 

Considered particularly useful 
as an ingredient in making pres- 
sure-sensitive adhesives are poly- 
vinyl ethyl ethers. For this 
application, these resins are com- 
pounded with varnish-type phe- 
nolics or rosin derivatives. In the 


form of high-molecular-weight 
resins, polyvinyl ethyl ethers are 
sold as solvent-free slabs or in 
heptane solution. Low-molecular- 
weight polyvinyl ethyl ethers are 
sold as solvent-free, very viscous 
liquids and also in heptane solu- 
tion. 

Polyvinyl pyrrolidone: This 
resin is prepared by the controlled 
polymerization of 1-vinyl-2-pyr- 
rolidone to yield products of vary- 
ing molecular weights. Generally 
supplied as a white powder that is 
soluble in water and a great num- 
ber of organic solvents, the poly- 
mer is compatible with many 
plasticizers, including glycerol, 
sorbitol, and the ethylene, diethyl- 
ene, and polyethylene glycols. It 
is also compatible with polyvinyl 
alcohol in various ratios. 

Because of its inherent inert- 
ness and low toxicity, polyvinyl 
pyrrolidone is extremely im- 
portant in biological and phar- 
maceutical applications. It has 
been found particularly useful as 
an extender for blood plasma for 
treatment of shock, certain dis- 
eases, and vascular disorders. 
Other uses of this resin include 
a gelatinous substitute for photo- 
graphic emulsions, an agent to 
increase the solubility of iodine 
and certain dyes, a_ stripping 
agent for textile dyes, a dispers- 
ing agent in suspension poly- 
merization, and, more recently, as 
an ingredient in hair sprays. 

Polyvinyl carbazole: This resin 
is produced by the polymerization 
of monomeric N-vinyl carbazole, 
a product of the reaction between 
carbazole and acetylene. The most 
outstanding characteristics of 
these resins are their electrical 
and chemical resistance. They are 
resistant to acids and alkalies, and 
are insoluble in aliphatic hydro- 
carbons, alcohols, ethers, carbon 
tetrachloride, and paraffin oils. 
The impact strength of vinyl car- 
bazole resins is low, but it can 
be improved by extrusion-orient- 
ing the material into fibers at 430 
F. These resins are processed by 
molding, impregnating, or coating. 

New vinyl resins: One of the 
most recently-developed vinyl 
resins, polyvinyl naphthenate, is 
particularly useful as a thickener. 
Copolymerized with vinyl acetate, 
it promises to be extremely use- 
ful as an interlayer for safety 
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glass. Polyvinyl benzoate and 
polyvinyl fluoride are two other 
new resins which look promising. 
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Rigid Vinyls 


BY JEAN F. MALONE* 


R igid polyvinyl chloride ma- 
terials, also known as unplas- 
ticized PVC, were hardly more 
than a subject of exploratory in- 
terest in the United States prior 
to 1950. Since that time, their 
unique combination of chemical 
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and physical properties has be- 
come well-known. The chemical 
inertness of rigid vinyls is often 
their prime recommendation. 
They can withstand many strong 
acids and alkalies, metallic and 
ammonium salts, and organic 
media such as alcohol and ali- 
phatic hydrocarbons. These ex- 
cellent chemical properties are 





TABLE |: Physical properties of rigid vinyls 





A.S.T.M. 
Method 


Specific gravity 792- 
47T 


Tensile strength, p.s.i. 638- 
49T 


Flexural strength, p.s.i. 790- 
49T 
Flexural modulus, 10° p.s.i. 790- 
49T 


Izod impact, ft.-lb./in. of 256- 
notch @ 72°F. 47T 


Izod impact, ft.-lb./in. of 256- 
notch @ —20°F. 47T 


Thermal expansion 10°/°C.  696- 
47T 

Heat distortion, °F. @ 66 468- 
p.s.i. 45T 


Heat distortion, °F. @ 264 
p.s.i. 


Rockwell hardness 


Moisture absorption, 
% in 24 hr. 


Dielectric strength, short 
time, v./mil 


Dielectric constant @ 
10° cycles 


Ultra-violet resistance 
Heat formability 
Flammability, in./min. 


Thermal conductivity, 
10° cal. em.’ sec./ °C. 


Rigid 
vinyl 


Rigid PVC Rigid PVC 
Type I Type II 


copolymer 
1.37-1.45 1.38 1.35 
7500 8500 6000 
12,000 13,500 


4.5-5.0 5.0 


0.5 0.8 


425 1400 


3.0 3.0-3.5 


Good Good Good 
Good Fair Fair 
Self-extinguishing 


3.5 





combined with equally advan- 
tageous physical characteristics. 
Vinyls are among the best of the 
thermoplastics in tensile strength, 
abrasion resistance, and resistance 
to heat distortion. In addition, 
rigid PVC materials will not sup- 
port combustion, they can be 
formed on conventional equip- 
ment, and their electrical and 
aging properties are excellent. 


Classification 

At present, there are three 
distinct types of rigid vinyl. A 
copolymer of polyvinyl chloride 
was developed somewhat earlier 
than the straight PVC types. It 
has succeeded in capturing a 
large share of the market in the 
record industry and is extensively 
used to make sheet for binder 
covers, playing cards, relief maps, 
advertising displays, lighting com- 
ponents, and embossed and pat- 
terned wall coverings. The recent 
development of extruded sheet 
will probably support a sizable 
increase in the sale of PVC 
copolymer to the packaging field 
and may initiate active competi- 
tion in the manufacture of re- 
frigerator liners. Projected figures 
for 1965 indicate that the total 
volume for rigid vinyl 
should approach 50 million 
pounds. Of this volume, the 
largest portion will be based on 
PVC copolymers. 

The two rigid PVC types are 
straight, unplasticized polyvinyl 
chloride. A normal-impact PVC, 
commonly referred to as Type I, 
is stronger, more rigid, more re- 
sistant to chemicals, and has a 
higher temperature service range 
than its companion polyme.. Type 
II is modified during the manu- 
facturing process to obtain in- 
creased resistance to impact. The 
slight loss in chemical and other 
physical properties that results 
will not interfere with its use 
except in the most critical appli- 
cations. 

There is a significant difference 
between applications and prop- 
erties of the two rigid PVC ma- 
terials and the rigid copolymer 
(See Table I, left). The latter is 
predominant in the field of rigid 
sheet and postformed variations 
of sheet, while the straight PVC 
plastics have been successful in 
heavier structural designs. Both 


sheet 
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normal- and high-impact stock 
are extensively used for pipe, 
pipe fittings, valves, heavy-gage 
panels, and many specialized ex- 
truded components such as elec- 
trical ducts, window and door 
framing elements, and architec- 
tural moldings. 


Extrusion of rigid vinyl 


Although molding and calen- 
dering are important methods of 
forming normal- and high-impact 
PVC, extrusion consumes the 
largest volume and is very likely 
to increase its lead in the years 
immediately ahead. A _ large 
amount of credit for the growth 
of extruded products must be 
given to the improved processing 
techniques that have been de- 
veloped. Laboratory and produc- 
tion data have accumulated to the 
point that a body of sound tech- 
nical knowledge has largely sup- 
planted reliance on trial and error 
and personal skill. As a direct re- 
sult, high standards have been 
established for pipe and tubing, 
and new markets have been en- 
couraged. 

The extrusion of pipe, as an 
example, has progressed in qual- 
ity and has become sufficiently 
standardized to permit accurate 
prediction of performance under 
specified conditions. Large cross- 
sections are much less a problem 
than they once were. A 14-in. 
pipe, for example, is now being 
produced as a commercial item. 
Despite its size, the surface finish 
is excellent, and roundness and 
wall thickness of the pipe are 
maintained within very small 
tolerances. 

An increasing amount of rigid 
PVC is being used to extrude 
custom shapes. In addition to the 
familiar chemical and outdoor 
aging characteristics of rigid PVC, 
many custom applications re- 
quire strength in thin cross-sec- 
tions, smooth finish, a wide choice 
of color, and excellent dimen- 
sional stability. These qualities 
have contributed to the success of 
window framing and tracks, slid- 
ing door channels, trim com- 
ponents for cameras, air condi- 
tioning units and refrigerators, 
architectural moldings, and many 
other similar designs. Many of 
the parts listed above bring rigid 
PVC in direct competition with 
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A line of lightweight pipe fittings (Tube Turns Plastics, Inc.) 
injection molded of unplasticized polyvinyl chloride will match 
the burst strength of Schedule 40 polyvinyl chloride pipe. They 
will be made of both normal- and high-impact materials with 
the same characteristics of corrosion resistance, nonaging, and 
easy, low-cost installations as heavier fittings. PVC pipe with 
these solvent-cemented, socket-type fittings can stand up under 
20% greater operating conditions than threaded joints, and pro- 
vide unimpeded flow which ranges up to 20% higher than can 
be expected from conventional piping. 


The U.S. Department of Agriculture has approved the materials 
used in the manufacture of a rigid PVC pipe (Koroseal, B.F. 
Goodrich Industrial Products Co.) for conveying brine and other 
liquids in meat packing plants. Meat packing plants may now 
install it without first obtaining government approval. 


A 3-in. screw-type polyvinyl chloride pipe union (Walworth 
Co.), the first of this size, is available with threaded or solvent- 
weld socket-type ends in either high- or normal-impact PVC. 
Specially designed surfaces in the joints of the three-part union 
provide a tight seal. 


More than 25,000 ft. of high-impact rigid polyvinyl chloride pipe 
(made from Geon 8700A, The B.F. Goodrich Chemical Co., by 
The Mott Co.) are now used in watering systems in park and 
recreation areas of San Antonio, Texas. 


A new compound (“PVC”, Schwartz Chemical Co., Inc.), for the 
permanent bonding of rigid PVC pipe sections and fittings, is 
formulated from unmodified polyvinyl chloride. The compound 
quickly dissolves the surfaces of the plastic pipe and then joins 
them to produce a permanent fusion bond which becomes an 
integral part of the pipe. 


A new variety of unmodified polyvinyl chloride resin (Pliovic 
S50, Goodyear Chemical Div. of The Goodyear Tire & Rubber 
Co., Inc.) has an inherent viscosity of 0.68 compared to 0.86 to 
1.09 for conventional polyvinyl chloride resins. It exhibits the 
processing properties of vinyl copolymers while retaining the 
physical properties of unmodified resins and may be processed 
at temperatures 50° F. lower than that required of most straight 
PVC resins. Some suggested uses are: blends with higher-molec- 
ular-weight resins; vinyl-asbestos flooring; phonograph records; 
molded items and extrusions; semirigid calendered goods: and 
in vinyl-nitrile rubber compounds. 








aluminum and other metals. In- 
creased production rates and 
lower material costs of vinyl are 
closing the margin that originally 
favored the use of metals. 
Improvements have been made 
also in the design of dies for the 
extrusion of rigid PVC _ sheet. 
Sheet varying from 5 to 120 mils, 
with good uniformity in thickness 
across the width, has been ex- 


truded. Dies up to 36 in. in width 
have already been tested with ex- 
cellent results. The rate of pro- 
duction is good, and the appear- 
ance of the sheet has been gener- 
ally clear and free of faults. From 
all reports, the development of 
wider dies will soon prove equally 
successful. The lower cost of ex- 
truded rigid PVC sheet should 


promote more active participation 


173 











TABLE Il: Applications of rigid vinyls 





Application 


Oil fields 

Gas mains and 
service lines 

Irrigation 

General service 


Chemical industry 


Conduit 


Application 


Packaging 
Transportation 


Signs and displays 
Lighting and glazing 
Decorative laminates 
Chemically resistant 
applications 
Graphic arts 


Electrotyping 


Playing cards 


Records 


Notebook binders 


Contour maps 


PIPE 


Reasons for use 


Resistant to crude oil and salt water. Very low paraffin 
build-up. 


Resistant to the impurities carried in natural gas. Not 
affected by electrolytic corrosion when buried. 


Light, easy to install. Can be buried and will maintain 
full flow for extended periods of time. 


Noncontaminating. Easy to install and requires no 
maintenance. 


Will resist most acids, alkalies, and widely used com- 
mercial solvents. 


Good electrical properties, tough, and resistant to 


weathering and age. Nonflammable. 


SHEET 


Reasons for use 


Noncontaminating, clear, easily printed. 
Durable, waterproof, easily maintained. 


formed. Wide choice of color. 
screened, lithographed, or preprinted. 


Easily Can be siik 


Good transmission of light, flame-resistant, dull finish 
for excellent diffusion. 


Strong, nonflammable, wide choice of color, smooth or 
embossed finish. 


Inert to most chemicals, easily fabricated, durable, and 
relatively inexpensive. 


Wide choice of color, fine detail, and easily printed by 
a variety of methods. 


Takes a fine, clean impression, and is resistant to inks, 
abrasion, and flexure. 


Easily printed in color, easily cleaned, and very durable. 


Molds to a very fine detail, improving fidelity and elim- 
inating surface noise. Virtually unbreakable. 


Tough, flexible, variety of color, and easily printed. 


Easily and accurately formed; can be colored and 
printed. 





in competitive areas previously 
dominated by other plastic ma- 


terials. 


Markets and prospects 

Basic markets for rigid vinyl 
products are as follows: 

Pipe: Anticipated volume for 
1960 is approximately 50 to 60 
million lb., and the growth in use 
of vinyl pipe is still so active that by 
many predict that this rate of in- 


crease will be 
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maintained for a 


considerable length of time. Fore- 
most applications for rigid vinyl 
pipe and the reasons that vinyl 
pipe can be expected to grow in 
these various fields are listed in 
Table II, abov 

Extruded profiles: Specialized 
shapes have been expanding very 
rapidly and can be expected to 
consume several million pounds 
1960. Gutters, downspouts, 
framing elements, automotive 
trim, protective rails, and literally 


hundreds of other shapes con- 
tribute their share. 

Sheet: The total of 50 million 
Ib. of rigid vinyl sheet predicted 
for 1965 consumption will be di- 
vided among the classifications 
listed in Table II. There should 
be a natural expansion in all these 
applications when the extrusion 
of sheet becomes commercial, but 
particular growth may be ex- 
pected in packaging laminates 
and lighting components. Lower 
costs should also encourage ex- 
pansion into new markets such as 
refrigerator liners, housings, and 
luggage. 


Standards and specifications 


The Society of the Plastics In- 
dustry has been successful in 
establishing commercial standards 
for both rigid sheet and pipe. Late 
in 1955, the standard for sheet 
(SC201-55) was published by the 
U. S. Dept. of Commerce. It gov- 
erns dimensions and allowable 
tolerances, uniformity of color, 
transparency, and finish, and 
specifies certain chemical and 
physical requirements. A similar 
code for pipe (CS207-57) sets 
specifications for outside diameter, 
wall thickness, and roundness 
in cross-section. Standards for 
hydrostatic burst, impact tests, 
immersion, flattening, and heat 
shrinkage are also being con- 
sidered at the present time by 
many different organizations. 
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terial does not flow during appli- 
cation or fusing, it is necessary to 
apply a number of coats in order 
to build up a pinhole-free film to 
protect metal. Even so, the coat- 
ing is permeable at slightly above 
room temperature and it is possi- 
ble that corrosive material can 
get through to the base metal. 
corrosion, and can be formulated For this TFE is not 
to provide excellent electrical yet prescribed for severe corro- 


Resins for Coatings 


BY EDWARD W. DAVIDSON* 


: lastics coatings in use today 


are many and numerous and 


reason, 


their applications are equally as 
varied. Below are some of the 
highlights for the various resin 
formulations commercially avail- 
able. For a more complete dis- 
cussion, see the individual arti- 
cles in this section. Also see the 
Coatings Chart, p. 610. 

Fluorocarbons: Many custom 
coaters engaged in the business of 
applying plastics finishes to in- 
dustrial machinery specialize in 
the application of the fluorocar- 
bons (as well as silicones, nylons, 
epoxies, and vinyls). These ma- 
terials are widely used in industry 
to prevent build-up, sticking, and 
* General Plastics ( orp., 165 Third Ave., Pat- 
erson, N 
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characteristics. 

Tetrafluoroethylene (TFE) has 
a low coefficient of friction and, 
hence, outstanding self-lubricat- 
ing properties. Since most mate- 
rials will not adhere to a TFE 
coating, industrial problems of 
sticking and build-up can be 
avoided. Dry lubricating proper- 
ties of the coating will not con- 
taminate processing equipment 
and will insure proper action. The 
outstanding electrical and thermal 
properties of TFE can be put to 
use by fusing a thin film to metal 
parts to insure good insulation 
over a temperature range of al- 
most 900 degrees. 

While TFE coatings will resist 
corrosive attack, because the ma- 


sion protection—although _ re- 
search work is already beginning 
to show successful results. 

As with other specialized coat- 
ings, applying TFE to metal cre- 
ates an entirely new material for 
design engineers to use as an eco- 
nomical replacement for more 
conventional materials in product 
design. 

Trifluorochloroethylene (TFCE) 
has found wide use as a 
corrosion-resistant coating. Dur- 
ing its processing and final bake, 
it does flow and therefore a pin- 
hole-free coating can be achieved. 
The coating will resist corrosion 
from chemicals and is used in in- 
dustry to avoid the necessity of 
constructing 


vessels of special 











New organosuls (M & T Armorhide, Metal & 
Thermit Corp.) combine the eye appeal of 
textured finishes with the durability of vinyl 
plastisols. The spray-applied finish resembles 
grain leather and hides imperfections in the 
metal surface to which it is applied. The 
finishes have rubber-like flexibility and resili- 


ency and offer good resistance to moisture 
and corrosives. 


An unmodified epoxy resin coating (Protec- 
tive Coating No. 621, Carl H. Biggs Co., Inc.) 
protects all types of materials against moisture 
permeability and chemical action. It has out- 
standing adhesion to metal, even without a 
primer coat. It has a relatively high melting 
point, and maintains flexibility at both high 
and low temperatures. 


A new type of coating (Duracron, Pittsburgh 
Plate Glass Co.), based on a new series of 
thermosetting acrylic resins, looks and per- 
forms more like porcelain than any other 
known organic finish. Its outstanding tough- 
ness, mar resistance, and durability make it 
suitable as a superior baking enamel. 


A vinyl-acrylic copolymer coating emulsion 
(Resyn 2203, National Starch Products, Inc.), 
for paper and other coating applications, pos- 
sesses good film flexibility and strength, and is 
characterized by low viscosity, superior pig- 
ment binding ability, good film clarity, and 
good mechanical stability. 


A strip-off plastisol dip coating (Chemical 
Processing Div., Auburn Button Works, Inc.) 
protects metal parts that are subject to rust, 
corrosion, dirt, or damage while in storage 
or transit. 


A clear epoxy varnish (Maraset BV-790, 
Marblette Corp.) protects metals and other 
materials from severe heat and corrosion 
hazards. It is also used as an undercoat in 
fabrication of plastics tools and dies. 


A soluble fluorocarbon copolymer of chloro- 
trifluoroethylene and vinylidene fluoride (Kel- 
F 800, Minn. Min. & Mfg.) is designed for use 
in air-drying, corrosion-resistant paints and 
lacquers. Such coatings can be applied by 
spray, brush, dip, and flow techniques. 
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high-cost alloys. The chemical re- 
sistance of TFCE is comparable to 
that of TFE, with few exceptions, 
and the coating presents a 
tougher, thicker film that can take 
more abuse than TFE. The coeffi- 
cient of friction of TFCE is rela- 
tively iow and therefore helps in 
preventing build-up. 

Industrial 


components coated 


with the fluorocarbons run the 
gamut from valves, mixers, hop- 


pers, and troughs to tanks, vats, 
pumps, paddles, and conveyors. 
Acrylic: Emulsions and com- 
pounded paints recommended for 
durability of finish, lack of odor, 
speed of drying, and ease of ap- 
plication. Automotive finishes are 
promising. Acrylic coating solu- 
tions in organic solvents are 
available to give any desired 
range of hardness or tackiness, 
with clarity and 
prominent feature. 
Alkylated methylol 
melamines, especially the butyl- 
ated types, used with alkyd res- 
ins for high-quality industrial 
baking finishes. Melamines de- 
improved mar 


durability a 


Mela mine 


velop resistance 
and increased water and alkali 
resistance, and have unusual ex- 
terior durability. 

Cellulose: Cellulose esters use- 
ful in preparation of lacquers. Ni- 
trate is the most widely used de- 
rivative for coatings and has 
excellent interior and 
durability 


exterior 
(used in automotive 
and furniture finishes). Acetate 
used in specialty lacquers where 
greaseproofness is an asset. Bu- 
tyrate used in clear aluminum or 
aluminum fol coatings, paper 
coatings, and others. 
Epoxies: Used in surface coat- 
ings because of excellent adhe- 
sion, durability, and chemical re- 
Three types: 
epoxy-phenolic and epoxy-urea; 


sistance. major 
epoxy esters; and epoxy-polya- 
mines. Drum linings, wire enam- 
els, coatings for containers and 
tubes, protective coatings, etc., are 
among the applications. 
Polyethylene: Widely used in 
packaging offers 
flexibility, 
strength, heat-sealability, clarity, 
light 


where _it 
abrasion _ resistance, 
weight, and resistance at 
ordinary temperatures to min- 
eral acids, strong alkalies, and 
most nonpolar solvents. Moisture 
vapor transmission is very low. 
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Furane: Corrosion-resistant 
coatings which cure at low or 
moderate temperatures. 

Urethane: Clear and pigmented 
coatings produce hard, high-gloss 
surfaces in an air-dry system. De- 
velop excellent adhesion to almost 
all surfaces and have good abra- 
sion and impact resistance as well 
as chemical, solvent, fresh and 
salt water, and moisture resist- 
ance, and good weathering prop- 
erties. 

Nylons: Applied as solutions or 
dispersions, nylons form imper- 
meable linings for aircraft fuel 
cells and other equipment and are 
widely used as soft, abrasion- 
resistant finishes for textiles, 
leathers, and for many other sim- 
ilar products. 

Phenolics: For coating formula- 
tions outstanding in durability, 
drying speed, water resistance, 
and toughness. Also used to up- 
grade varnishes based on natural 
resins. Used in tank and tank-car 
linings for milk, wine, and acid. 
Also used in combination with 
varnishes and alkyds to form 
tough, durable, fast-drying films 
with good adhesion to metal. 

Alkyds: Function as plasticizers 
for nitrate. Short-oil alkyds pro- 
vide adhesion, flexibility, durabil- 
ity, and color retention to auto- 
motive and other fast-drying 
finishes. Also baked with urea and 
melamine to give hard, tough 
coatings for appliances, ete. 
Medium- and long-oil alkyds used 
in household paints. 

Silicones: In formulating baking 
enamels, air-dry finishes, and 
maintenance paints. Provide ex- 
cellent protection for metal sur- 
faces exposed to heat, weathering, 
and corrosion. Silicone interme- 
diates can be coupled with organic 
materials to produce finishes. 

Styrene: Plasticized polystyrene 
latices are used in coatings for 
porous surfaces. Styrene-buta- 
diene copolymers of high styrene 
content used in latex paints for 
interior walls and in clay coatings 
for paper. 

Vinyl: Chloride-acetate copoly- 
mers applied from ketone solu- 
tions to form films of great 
strength, durability, abrasion re- 
sistance, and chemical resistance. 
Baking formulations develop good 
adhesion to smooth metals. Also 
as linings for cans. Butyral is 


“ 


basis for “ wash primers.” Vinyl 
acetate solution coatings applied 
to milk cartons, paper, and 
leather. Vinylidene chloride so- 
lutions used in steel tank linings, 
pipe linings, maintenance finishes, 
etc. Organosals used as coatings 
on lawn furniture, office equip- 
ment, dashboards, etc. Plastisols 
used for coating wire goods, nov- 
elties, industrial components, etc. 

Coatings of various types can 
be applied by the end-user him- 
self or they can be applied by 
custom coaters equipped with 
curing ovens and other facilities 
for handling numerous materials. 
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Resins for Adhesives 


BY R. F. BLOMQUIST* 


of practical adhe- 
sives based on synthetic resins 
began in this country in the early 
1930’s with the introduction of 
urea and phenol resin adhesives 
for wood and certain other ma- 
terials. Advances made since that 
time have been rapid, with much 
of the stimulation coming from 
the unusual and often severe re- 
quirements for adhesive-bonded 
components in military uses. 


Adhesive bonding 


Adhesive bonds offer a number 
of advantages over mechanical 
and other methods of fastening: 

1) The joining together of cer- 
tain materials that are difficult or 
impossible to attach by other 
methods, e.g., bonding paper 
labels to cans or bottles. 

2) Economical and _ efficient 
bonding of small pieces of adher- 
ends into larger units, e.g., 
structural laminated timbers for 
buildings and naval vessels made 
up of small! pieces of wood bonded 
together into a large piece. 

3) Production of smoother sur- 
faces and contours, e.g., use of 
adhesives eliminates need for 
rivets in aerodynamic surfaces in 
aircraft, and in bonded clutch and 
brake facings. 

4) More efficient 2nd uniform 
transfer of stresses from one 
member of the assembly to an- 
other, e.g., sandwich panels, pre- 
fabricated stressed-cover build- 
ing panels, adhesive-bonded 
metal helicopter rotor blades, etc. 

5) More efficient design of 
component parts through better 
selection of individual 
ponents. 


com- 


6) Less chance of corrosion in 
joints between dissimilar metals, 
e.g., adhesive reduces galvanic 
action caused by direct metal-to- 
metal contact. 

7) Better sealing action for 
* Chemist, Forest Products Laboratory (main- 
tained at Madison, Wis., in cooperation with 
the University of Wisconsin), Forest Service, 
U.S. Dept. of Agriculture. 
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gases and liquids in joints, e.g., 
assembly of wooden boats with 
modern adhe- 
sives. 


water-resistant 


At the same time, there are 
certain adhesive 
bonding. Authorities are now 
generally agreed that the actual 
nature of adhesion is very likely 
one of specific chemical or phys- 
ico-chemical attraction cf the ad- 
hesive for the material bonded. 
In general, polar adhesives bond 
best to polar materials, and non- 
polar adhesives bond best to 
nonpolar materials. Thus, to 
achieve optimum performance, it 
is necessary to select an adhesive 
with the proper chemical char- 
acteristics. 

Joints involving two different 
adherends are likely to experi- 
ence particularly significant in- 
ternal stresses when undergoing 
changes in temperature or mois- 
ture content. Many of these prob- 
lems of internal stresses may be 
minimized by modifying the 
physical properties of the adhe- 
sives by judicious incorporation 
of plasticizers, fillers, etc. 


limitations to 


Forms of adhesives 


Any adhesive must generally 
wet the surface to be bonded and 
must possess a certain amount of 
flow when bonding pressures are 
applied, to produce satisfactory 
bonds. Therefore, most adhesives 
are used in the liquid form and 
are generally supplied as liquids, 
or as solids to be dissolved or 
dispersed in a solvent at the time 
Such adhesives 
may be ready to use as received, 
or may require the addition of 
catalysts, fillers, extenders, and 
other components at the time of 
use. Tape adhesives are becom- 
ing increasingly popular because 
of their ease of application. These 
include the 


of use. liquid 


pressure-sensitive 
types that are ready to use, ad- 
hesive-coated papers and fabrics 
to be activated by moistening 
with water or other solvents, and 


solid supported or unsupported 
tapes to be cured by hot-press- 
ing. 
Types of adhesives 

Adhesives may be classified on 
the basis of the mechanisms by 
which they harden and develop 
joint strength, as follows: 

Air-drying or solvent-release 
types: These adhesives are solu- 
tions, emulsions, or dispersions of 
the bonding agent—such as ther- 
moplastic rubber—in 
water or an organic solvent. In 
all cases, at least a part of the 
solvent must be lost from the ad- 
hesive film to produce the gelling 
or hardening by which final bond 
strength is achieved. The solvent 
may be lost to the air by open- 
air drying before the joint is as- 
sembled, as with many rubber- 
base adhesives, or it may be 
largely transferred into the 
porous adherends after assembly, 
as with certain 
adhesives or 


resin or 


emulsion-type 
water-base adhe- 
sives of vegetable gum or starch 
origin. 

Hot-melt or fusible types: Ad- 
hesives that can be liquefied suf- 
ficiently by melting to produce 
the necessary flow in bonding are 
commonly used by the hot-melt 
process. Such adhesives solidify 
again upon cooling. Often this is 
a reversible process, resulting in 
bonds that are thermally sensi- 
tive. Hot-melt 
generally 


adhesives are 
fast-setting and are 
particularly suitab!e in such ap- 
plications as modern high-speed 
bookbinding and various pack- 
aging uses. 
Pressure-sensitive types: Such 
adhesives are characterized by 
high degrees of initial tackiness 
so that they bond instantly when 
slight pressure is momentarily 
applied to force the two mating 
surfaces together. Bonds are gen- 
erally rather low in 
compared to 


strength 
those with other 
types of adhesives, but their rapid 
setting under contact pressures 
makes them extremely attractive, 
both as liquid adhesives and in 
the popular 
tapes. 


pressure-sensitive 
Chemically-reactive types 
These adhesives are applied as 
liquids or as tapes, but are set to 
an insoluble, infusible state by 
undergoing a chemical reaction: 
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the rate of this reaction increases 
as the temperature increases, and 
may also be controlled by cata- 
lysts. Casein glues and certain 
other adhesives based on natural 
products may be formulated so 
that they develop strength and 
permanence, at least partially, by 
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RECENT DEVELOPMENTS 





such chemical reaction. However, 
most glues of this type are based 
at present on the various thermo- 
setting resins, and are applied in 
liquid form. A number of new 
tape adhesives have _ recently 
been introduced, particularly for 
metal-bonding, which liquefy 


rapidly when heated in the cur- 
ing process and subsequently 
cure by chemical action. 


Adhesive materials 


Adhesives from materials of 
natural origin: Many of the earli- 
est adhesives were based on 











A modified polyvinyl acetate resin-based ad- 
hesive (Polybond C41, Polymer Industries) is 
designed for flat-laying laminations. The 
laminant can be applied in a thin glue line and 
bonds dependably at high rates. It is water- 
resistant and free of odor. 


A fortifier (Modifier MO-614-L, Borden Co., 
Chemical Div.) for conventional urea liquid 
wood adhesive is particularly suitable for 
“moderate” exterior applications such as pro- 
tected doors, furniture, and other glued woods 
exposed to high heat and humidity. The prod- 
uct is moldproof, light in color, and capable of 
withstanding a 3-hr. water boil test. 


A vinyl-emulsion-based mastic cement (CMC 
33, Chicago Mastic Co.) is designed for use 
with plastic tile. 


A new polyvinyl acetate resin emulsion ad- 
hesive (E-2131, Paisley Products, Inc.) is de- 
signed for high-speed case and carton sealing. 
The emulsion is miscible with any borated 
alkaline dextrine adhesive without causing 
balling-up or congealing. Packagers can there- 
fore switch to the resin adhesive without shut- 
ting down the machine to clean the glue box. 
The new adhesive is used cold and has a de- 
livered viscosity of 2100 cp. 


Thermoplastic adhesives (Proxmelts, Pyroxy- 
lin Products, Inc.) for sealing cartons on a 
variety of packaging machines produce seals 
that are unusually strong, siftproof, and water- 
proof. 


A new release sheet for a pressure-sensitive 
film adhesive (Double-Face, Angier Adhesives 
Div., Interchemical Corp.) permits easier re- 
lease of the backing from the adhesive and 
gives greater conformance to the finished 
laminate on which the adhesive is used. The 
film is used for bonding plastics materials, 
electronic parts, leather goods, and in general 
construction. 


A new high-temperature-resistant strain-gage 
adhesive (Epoxylite No. 851, The Epoxylite 
Corp.) is suitable for temperatures up to 700° 


F. The adhesive requires only very short cure 
times and very little pressure—less than 12 
p.s.i. gives excellent results. 


A versatile adhesive (Eastman 910, Eastman 
Chemical Products, Inc.) forms rapid and 
strong bonds between a large number of dif- 
ferent materials. The adhesive is a cyano- 
acrylate monomer modified with a thickening 
agent and plasticizer. When the monomer is 
pressed into a thin film between two surfaces, 
a polymerization reaction takes place, which 
results in a relatively rapid set. No heat, ex- 
cessive pressure, or catalysts are necessary. 


Two 100% reactive synthetic rubber-resin ad- 
hesives (Plymaster V-2 and V-3, Rubber & 
Asbestos Corp.) in film form permit outstand- 
ing economies in a number of flat-surface 
bonding operations, e.g., metal sheets, flexible 
plastics films, rigid and semirigid plastics, 
paper, metal, balsa wood, glass, ceramics, and 
a number of other materials. One of these ad- 
hesives (Plymaster V-2) consists of a porous 
glass fiber mat which has been impregnated 
with a liquid adhesive to achieve a dry, latent 
adhesive film that is internally reinforced for 
additional cohesive strength. In the other (Ply- 
master V-3), a special high-strength, porous 
paper is used as the carrier. 


New epoxide-based adhesives (Eccobond, 
Emerson & Cuming, Inc.), supplied in paste 
form, can be cured rapidly at moderate tem- 
peratures to produce rigid, low electrical re- 
sistance solids. They are used in applications 
where soldering is impractical. Adhesion is 
excellent to plastics, metals, glass, and ceram- 
ics. Bond strength is above 2000 p.s.i. Conduc- 
tivity of the compositions compares with that 
of metals. Once cured, they can be used from 
—65 to +500° F. 


A modified epoxy adhesive (Carboline Con- 
crete Adhesive 192-34, Carboline Co.) solves 
many difficult patching problems, such as the 
leveling of floors that are badly deteriorated. A 
tight bond of the new concrete to the old con- 
crete is assured, making it possible to repair 
broken corners. 
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teins from various natural 
ducts. The 


es, sinews, and other animal 


proteins from 


sources are still widely used as 


iesives for wood and paper. 
[They are dispersed in water to 
m a gel, which is then melted 
| applied as a hot-melt, or, by 
tection with suitable gel de- 
ssants, cooled again to room 
mperature for application. Such 


mal proteins are also used in 


immed paper coatings. Casein 


soybean proteins are modi- 


7 
d with lime and caustic soda 


produce important adhesives 
wood and paper. Blood pro- 
teins are sometimes used alone, 
it more often with soybean and 
ther proteins, or in combination 
vith thermosetting resins, as ply- 
wood adhesives. A practical blood 
idhesive for room-temperature 
ressing of interior-type  soft- 
yvood plywood has recently been 
ymnounced. Carbohydrates such 
is starches and dextrines are dis- 
solved in water and used prima- 
ily as paper adhesives, either in 
iquid form or as gummed coat- 
ngs. Other important adhesives 
based on asphalt are used as mas- 
tics in emulsion or solution form 
to bond flooring tiles to subfloors. 
Low-cost adhesives based on sul- 
ite paper-mill residues are still 
ised as linoleum cements. 
In general, adhesives based on 
aturally-occurring materials 
have good dry strength, good per- 
vanence under mild conditions, 
ind satisfactory handling prop- 
rties for many applications. 
However, they have moderate-to- 
low resistance to water and high 
elative humidities. Some im- 
rovement in these latter prop- 
ties can be obtained by incor- 
oration of tanning agents for the 
proteins or of fungicides to re- 
luce the accompanying biological 
ittack. Such benefits are gener- 
lly only of limited value for the 
nore severe exposure conditions. 
Urea-formaldehyde: These res- 
ns continue to enjoy wide popu- 
ty, particularly in the wood 
ndustries, because of their versa- 
tility, light color, and relatively 
cost. The basic resins may be 
formulated with the proper cata- 


f 


ysis for pressing either at normal 
shop temperatures or with added 
he Glue lines may be heated 
aster curing by hot platens, 
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Stypol 912 has the low viscosity necessary 
for spraying with the Rand Gun, yet has 
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In the large photo above, a Robertson 
Resin Engineer checks a Larson boat 
bull with Herman Lehner, production 
superintendent at the Little Falls, Minn, 
plant of Larson Boat Works, Inc. Note 
the smooth finish with molded-in color 
band that results from Stypol 912 and 
the Rand patented application process, 


application. Stypol 
2 catalysed tank life (24 hr. minimum). It also satisfies the need for an 
adjustable time (20 min. to 214 hr.) after being deposited on the mold. Stypol 
912 cures completely in a reasonable time and gives a non-tacky surface when exposed 


In addition to Stypol 912, which satisfies all the requirements of the Rand Patented 
Process, Robertson makes a complete series of polyester resins for laminating, impreg- 
nating and electrical use. If you would like a qualified Robertson engineer to work 


with 
your 


in your shop on any specific problem, fill in the coupon and attach to 


-STYPOL 
‘pecialty eaphalie and polpestr reain 


H. H. ROBERTSON CoO. 
2400 Farmers Bank Buliding Pittsburgh, Pa. 
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heated chambers, or with high- 
frequency. Their widest use is in 
bonding hardwood plywood for 
furniture, doors, and other archi- 
tectural uses. Another important 
use is in edge-gluing lumber for 
furniture, particularly when joints 
can be heated to accelerate cure 
by high-frequency heating or use 
of special heated-platen units. 
Urea resins are also the most 
commonly used binders for wood 
particles in the growing produc- 
tion of wood particle boards. 
Urea resin adhesive joints are 
strong when either dry or wet, 
and have good permanence under 
mild conditions. However, resist- 
ance to continuous or intermittent 
heat or high humidity will reduce 
joint strengths significantly. 
Glue-line costs in plywood made 
with these adhesives may be re- 
duced by incorporation of wheat 
flour or other cereal flour ex- 
tenders, although at some sacri- 
fice in moisture and water 
resistance. Permanence of the 
straight urea resin joints may be 
increased by incorporation of 
melamine resins or resorcinol. 
Special formulations are offered 
for use where thick glues must 
be tolerated. 
Phenol-formaldehyde: These 
resins are used principally in ad- 
hesives for exterior-type soft- 
wood plywood, in which bonds 
(properly made) are more du- 
rable than the wood itself, under 
exterior and other severe service 
conditions. Thin paper impreg- 
nated with a phenol resin is used 
as a film glue, especially for 
bonding together very thin, frag- 
ile veneers that would be difficult 
to spread with liquid adhesives. 
Phenol resin adhesives are 
commonly pressed and cured at 
270° F. or higher. Attempts to 
develop practical room-tempera- 
ture-setting phenol resin adhe- 
sives by use of highly acid 
catalysts have been only moder- 
ately successful, because in some 
cases the strong acids required 
have damaged wood and other 
cellulosic fibers being bonded. 
Phenol resins are also used for 
bonding rock wool or glass fibers 
in roll- or batt-type thermal in- 
sulation, and are used as binders 
for wood particles in the produc- 
tion of particle boards and certain 
wood-base hardboards. They are 
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important components, when 
modified with thermoplastic resins 
or synthetic rubbers, in metal- 
bonding adhesives in aircraft, and 
for bonding copper or silver foils 
to insulating plastics laminate 
backings in the production of 
printed circuits for electronic 
equipment. In these applications 
the adhesive bond must resist the 
subsequent etching and soldering 
operations. 
Melamine-formaldehyde: Ad- 
hesives based on these resins 
combine the high durability of 
the phenol resins with the light 


_— 


Clutch plate for automo- 
bile automatic transmis- 
sion is bonded with a mod- 
ified phenolic adhesive, 
giving good resistance to 
oil and high temperatures 


color of the urea resins. Such 
adhesives are normally cured at 
240° F. or higher. Attempts to 
reduce the curing temperature of 
these adhesives have not been 
promising. At present, melamine 
resins are used primarily in com- 
binations with urea resins to pro- 
duce adhesives for hardwood 
plywood that will meet the stand- 
ard boil-cycle tests and be suit- 
able for use under the more 
severe service conditions where 
straight urea resins are inade- 
quate. Another recent application 
of the melamine-urea resin adhe- 
sives is in end- and edge-gluing 
of softwood lumber into larger 
widths and lengths or in panel 
form for use in any application 
where solid wood is also used, 
such as outside millwork trim, 
freight car lining, and shelving. 
Such melamine-urea resins are 


cured at 240° F. or higher, and 
tend to approach the high dura- 
bility of straight melamine resins 
as the proportion of melamine 
resin increases. 

Resorcinol: Adhesives based on 
resorcinol resins combine the 
room-temperature-curing prop- 
erties of the urea resins with the 
high permanence of the phenol 
and melamine resins. They are 
currently important for laminat- 
ing wood members for boats and 
for other exterior uses, such as 
bridge timbers and _ utility-pole 
cross-arms. For gluing strong, 
high-density species, curing at an 
elevated temperature may be re- 
quired. Their relatively high cost 
has limited their wider use. 

New formulations of copoly- 
merized phenol-resorcinol resins 
have reduced the cost of these 
adhesives somewhat, but further 
reductions are desirable for wider 
application, as in prefabricated 
house panels and laminated barn 
rafters. Resorcinol resin adhe- 
sives are reported to bond well to 
rubbers and to certain plastics, 
such as laminates of phenol or 
melamine resins. Resorcinol res- 
ins are also used for coating or 
priming rayon and nylon tire 
cords to produce better bonding 
of the rubber and cords in tire 
production. 

Epoxies: Originally these res- 
ins were condensation products 
of epichlorohydrin with some 
hydroxy compound, the most 
typical being bisphenol. The 
linear polymers produced were 
then converted into thermoset 
polymers by cross-linkage with 
certain reactive groups on the 
chains by means of carboxylic 
acid or amine curing agents. Ad- 
hesive formulations have thus 
been developed with either room- 
temperature-setting properties or 
the ability to cure at tempera- 
tures of 200 to 390° F. Since some 
resins are liquids and others can 
be dissolved in reactive solvents, 
such as allyl glycidyl ether, it is 
possible to formulate 100% re- 
active liquid systems for easy ap- 
plication and bonding under con- 
tact pressures. Special epoxy 
resin formulations are now of- 
fered with a special polyamide 
resin modifier for lower cost ad- 
hesives, 

Epoxy resin adhesives will 


RESINS AND MOLDING COMPOUNDS 


bond 
riety 
cludi 
glass 
meni 
nau 
to n 
coml 
for £ 
ance 
miss 
rese: 
epor 
hydi 
bisp! 
effec 
com 
othe 


resil 


forn 
ing 


solu 
four 
ing 
grea 
poly 
mer 
ins. 
wer 
pap 
simi 
sinc 
glui 
pro} 
asse 
wor 
mer 
hon 
reac 
of 
has 
han 
sme 
woe 
glas 
por 
the 
low 
Sist 
flow 
hav 


Rec 





d remarkably well to a va- 
riety of different adherends, in- 
luding plastics, wood, metals, and 

ss. These properties recom- 

nd their use in the aircraft 


i justry for bonding metal skins baad { A Ss T t SS oO i 


metal or glass-fabric honey- 

mb cores. Recent requirements 

greater degrees of heat resist- © for SPECIAL 
ance for adhesives in aircraft and 


missiles have stimulated further APPLICATIONS 


research on development of new 


epoxy resins that are based on e for MOLDING 


hydroxy compounds other than 


= 
bisphenol, on the search for more ah . for FINISHING 


effective curing agents, and on 
combinations of epoxy resins with 





other materials, such as phenol 
resins. New epoxy-base adhesive 
formulations are continually be- 
ing introduced, including kits for 
small metal repair jobs. 

Vinyls: Vinyl resins, in either 
solution or emulsion form, have 
found wide acceptance in bond- 
ing applications. One type of 
sreat interest is emulsions of 
polyvinyl acetate or of copoly- 
mers of this resin and other res- 
ins. These emulsion adhesives 
were originally used for bonding 
paper, for carton sealing, and for 
similar applications. They have 
since been reformulated for wood 
gluing. In the latter use, they are 
proving suitable particularly for 
assembly of furniture and cabinet 
work on both large-scale com- 
mercial production and in the 
home workshop. Availability in 
eady-to-use form in several sizes The name on the drum—STANLEY 
—has earned a great reputation. The 
drum contents help maintain that 
has increased the use of these reputation. That’s why, when spe- 
handy emulsion adhesives for cial jobs create special finishing 
small-scale bonding of paper, or molding problems, more and more 
weed. leather. motels, and oven manufacturers are looking to these 
drums for the right solution . . . cus- 
tom formulated vinyl dispersions 
porous to adsorb the moisture in (both Plastisols and Organosols) 
the setting. Earlier limitations of that meet specific requirements. 
ow moisture and temperature re- mo. oe and — 
sistance, and of creep and cold 5 OS Ces . . . OF ; 
flow under alone A stresses paced ee, GE Let us have for our “Idee” file folder, “STANLEY 

‘ your questions. We’ll give you the PLASTISOLUTIONS TO YOUR 


been partially overcome. answers. FINISHING PROBLEMS’ to... 
nt modifications of polyvinyl 


emulsions with phenol or 


; resins have reduced some of STANLEY CHEMICAL COMPANY. 


limitations without sacri- Subsidiary of The Stanley Works 
‘ the advantages these emul- DEPT. |., 1438 BERLIN STREET, EAST BERLIN, CONNECTICUT 
adhesives possess in ease of *Member, Vinyl Dispersions Division, S.P.I. 


ind speed of setting. Adhe- See STANLEY first 

based on methyl-vinyl ether for finishes that last 
recently been reported for STA N L EY LACQUERS + SYNTHETICS 
n bonding vinyl films. VINYLS + ENAMELS 


llulosic derivatives: Cellu- 
esters, particularly cellulose 


of polyethylene squeeze bottles 


glass, so long as one adherend is 








STANLEY TOOLS * STANLEY HARDWARE * STANLEY ELECTRIC TOOLS 
STANLEY-JUDD DRAPERY HARDWARE * STANLEY STEEL STRAPPING 
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PLASTIC MATERIALS 


WE BUY SELL AND REPROCESS ALL TYPES OF BOTH 
VIRGIN AND SCRAP PLASTIC RAW MATERIALS 





ACETATE 
BUTYRATE 
ETHYL CELLULOSE 





POLYSTYRENE 


acetate and cellulose nitrate, hav 
long been used in solvent dis 
persions as household cement 
They bond well to paper, and t 
certain plastics, wood, and 
leather. They are often used as 
adhesives in shoe manufacturing. 
Acrylates: Polymers of methyl 
methacrylate and ethyl acrylate 
are often used as adhesives for 
plastics, paper, and other ma- 
terials, where a tough, transpar- 
ent, flexible film may be required. 
In some cases the monomer may 
be used as the adhesive to be 











polymerized in the joint. Recently, 





POLYETHYLENE 
NYLON 

VINYLS 

LUCITE & PLEXIGLAS 











WE ALSO CUSTOM GRIND AND MAGNETIZE YOUR 
MATERIALS. YOUR INQUIRIES SOLICITED 


M. HOLLAND COMPANY 


956 W. HURON ST., CHICAGO 22, ILL., TAYLOR 9-6660 


special acrylate resin formula- 
tions have been developed for 
metal-bonding applications. A 
new adhesive recently introduced 
for experimental study is based 
on cyanomethyl acrylate which is 
reactive with moisture in the air. 
This adhesive is reported to form 
high-strength joints to metals and 
plastics very rapidly at normal 
room temperature. No commer- 
cial developments have yet been 
reported. 

Polyesters: Esters of maleic 
and phthalic acids with polyhy- 
droxy compounds (such as gly- 








cols) are used as adhesives, or as 





SPECIALIST IN 
PLASTICS 


FORMULATIONS 


EPOCAST 
* TOOLING PLASTICS 


e Furanes 
e Epoxies 
* Polyurethanes 


EPIBOND 
* PASTES and ADHESIVES 


EPOCAST 


* BUILDING TRADE 
MATERIALS 


PLASPREG 
* plaster impregnant 


JET-KOTE 
* chemical resistant 
coatings 


* Brochure Available 


Repre sented * 5 
farane plasties 


IN GORPORATED 


througnout 
the 
United States 


4516 Brazil St. Los Angeles 39, Calif. 


ingredients in pressure-sensitive 
adhesive compositions. Unsatu- 
rated polyesters, like those of 
maleic acid and glycols, are used 
as adhesives for bonding fibrous 
glass-polyester laminates to 
themselves. 

Isocyanates: Polyurethane de- 
rivatives of polyester resins and 
certain diisocyanates have 
cently been used to formulate 
special adhesives for polyure- 
thane elastomers (or foams) and 
for bonding rubber. These new 
resins offer interesting bonding 
properties for several materials. 

Elastomers: Both natural and 
synthetic rubbers are widely used 
as adhesives, mainly as solutions 
in certain organic solvents. Such 
adhesives may vary from simple 
solvent-release adhesives for 
bonding paper and similar ma- 
terials at room _ temperature, 
where only light bond strength 
is required, to special thermoset 
ting formulations for heat-curi! 
with special vulcanizing agents. 
Such rubber-base adhesives a 
widely used in the fabrication 
rubber goods, including tires, for 
bonding rubber to other m: 


re- 
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For hand layup molding of boats and other plastic products... 


New GLIDPOL 1022 polyester resin system 
cures faster, speeds up production! 


You can increase production rates per mold with new GLIDPOL 1022. 
This rigid, medium viscosity resin system contains a built-in accelerator 
that develops cure rapidly after gelation. Reinforced plastic parts cure to 
handling hardness in less than an hour at room temperature, quickly 
freeing molds for subsequent parts. 


The GLIDPOL 1022 system is ideally suited to the manufacture of 
boats, bathtubs, sinks, swimming pools, truck bodies, panels, tanks, 
caskets and other products by the hand layup technique. And because 
GLIDPOL 1022 is specially treated during processing, the typical residual 
odor associated with room temperature cured parts is greatly reduced. To 
facilitate application to vertical surfaces, GLIDPOL 1022TX, a slightly 
thixotropic modification of GLIDPOL 1022, is also available. 


Write for complete data on the GLIDPOL 1022 system, GLIDPOL 
resins for other fabricating techniques, and colorful, fade-proof GEL- 
KOTE coatings—pigmented resins that suppress fiber pattern with a 
smooth, durable surface that is an integral part of the finished molding. 
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TRUCK BODIES PANELS 


GLIDPOL POLYESTER RESINS 


The Glidden Company + Industrial Paint Division 
900 Union Commerce Bidg., Cleveland 14, Ohio 


Ss Francisco e Los Angeles e Chicago (Nubian Division —1855 North Leclaire Avenue) « Minneapolis e« St.Louis « New Orleans 
Cleveland e Atlanta « Reading « Canada: Toronto and Montreal 














Get the facts about this 
big market for plastics... 
the packaging field 


“Big Market,” is right! The men who select the materials used 


to package the ouput of American industries control a market 


with an annual value in excess of 10 billion dollars. 


This rich market is composed of about forty industries. It in- 
cludes manufacturers and packagers of such products as 
foods, cosmetics, chemicals, drugs, candies and tobacco prod- 
ucts. In all these highly competitive industries frequent pack- 
aging changes are the order of the day. Factors ranging from 
fascinating sales appeal to plain hard costs influence the men 
who make the packaging decisions. Consequently, no one type 
of packaging material (glass, metal, paper or fabric) ever 
has assurance that it won’t be supplanted by another. 


And now plastics have entered the arena as directly competi- 
tive materials for packaging. In just the last few years they 
have come to play an increasingly important role—and often 
at the expense of older “traditional” materials. 


Especially noteworthy is the fact that plastics can be used in 
the manufacture of almost every basic package type: box, bag, 
bottle, drum, jar, vial or collapsible tube! 


Right now this frontal invasion of the packaging field by alert 
plastics manufacturers, molders, laminators and extruders is 
well under way. And their chief sales tools are the two publi- 
cations which reach the men who make packaging decisions— 
Modern Packaging Magazine, issued monthly, and the annual 
Modern Packaging Encyclopedia Issue. 


Get full details about this Rich Market 


Additional data on using these media to help expand your sales 
to the packaging market are contained in the booklet “Facts 
About Modern Packaging and the Packaging Field.” Write for 
your copy. 


A BRESKIN PUBLICATION 
575 MADISON AVENUE NEW YORK 22, N. Y. 





terials, such as metals, or for th 

repair of rubber articles, such : 

tires and tubes. Recently, nex 

prene-base cements in organ 

solvents have been adapted fi 

field application of plastics lam - 
inates to plywood (or othe: 
bases) for counters and _table- 
tops. These cements are also used 
in fast, continuous processes for 
bonding such materials in com- 
mercial production, using infra- 
red drying and pinch rollers fo: 
applying pressure. This latter 
process is also being used for in- 
dustrial bonding of ceramic- 
coated and other metal surfaces 
to backings of hardboards or to 
various of the core materials used 
in building panels. Similar rubber 
cements have been adapted for 
bonding thin wood floor strips 
and tiles to concrete and other 
subfloors. Some rubber latices 
are also used as adhesives. 


Combinations of resins 


Probably the most important 
recent developments in adhesives 
have been those in which two or 
more basic resin components are 
combined to produce adhesives 
with superior properties. Early 
examples were the casein-rubber 
latex formulations used for bond- 
ing metal facings to plywood 
These adhesives are still in use 
at the present time. 

More: recently, melamine resins 
have been added to urea resin 
adhesives to improve the perma- 
nence of the resultant joints. Phe- 
nol resins have been combined 
with resorcinol resin adhesives to 
reduce the cost without undesir- 
able sacrifices in joint quality or 
ease of use at lower curing 
temperatures, Thermoplastic res- 
ins, such as polyvinyl acetate or 
butyral and acrylonitrile-buta- 
diene, or neoprene rubbers, have 
been combined with phenol res- 
ins to produce more adequate 
structural metal-bonding adhe- 
sives. Special 
phenol resins and synthetic rub- 
ber are the basis for modern ad- 
hesive bonding of brake and 
clutch linings in the automobile 
industry to replace rivets and 
other mechanical fastenings. Ex 
cellent heat resistance is requir 
here. Combinations of phenol am 


formulations of 


epoxy resins are a recent inn 
vation to produce structural ¢ 
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ives for use in aircraft where 
vice temperatures above 400° 
re required. One such adhe- 
in tape form has recently 
n introduced for use in high- 
d jet aircraft. Much addi- 
currently in 
gress to develop better heat- 
sistant adhesives for such re- 


al research is 


quirements. 


i 


Other adhesive components 
Solvents: Except for the tape 
or film adhesives and those ap- 
plied in molten form, all adhe- 
sives must be applied in a liquid 
form, usually from solution of the 
components. In most large-scale 
operations, such as in the paper- 
fields, water 
solvent. It 
solvents in low 
cost and in freedom from fire and 


and wood-bonding 


is the most common 


excels organic 
safety hazards. Clean-up of equip- 
ment is also much simpler with 
On the 


other hand, many metal-bonding 


water-base adhesives. 
adhesives are soluble only in or- 
ganic solvents. The actual solvent 
composition may be quite com- 
plex, particularly for spray ap- 
plication. The solvents (and other 
diluents and thinners) must be 
selected with care, not only to 
produce the desired solution of 
suitable consistency for applica- 
tion, but also to avoid objection- 
able changes in viscosity of the 
adhesive when operating on me- 
chanical roll spreaders during the 
life of the adhesive, or to avoid 
objectionable ‘“cobwebbing” 
when sprayed. Solvent systems 
must also be selected to: 1) pro- 
duce only the desired degree of 
penetration wetting of the 
without any excessive 


any 


(or 
surfaces) 
bleeding or strike through, and 
2) to result in the desired reac- 
tivity of the film at the time the 
joint is assembled and _ pressed. 
With certain resin adhesive sys- 
tems rather com- 
the 
“skins over” before 


in solution in 


ple xX 


organic solvents, film 
surface often 
adequate loss of solvent occurs. 
This often 


blisters 


results in excessive 
and 


with 


blow-ups, particu- 
larly hot-setting formula- 
tions, and may require long air- 
lrving or precuring at elevated 
peratures before curing. 

‘atalysts and curing agents: 
lern adhesives based on ther- 


(Continued on p. 188) 
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FIRESTONE PLASTICS CO. 


Chemical Sales Division—Dept. 849J, Pottstown, Pa. 


A Division of the Firestone Tire and Rubber Company 





THE PIN-POINTED PROPERTIES OF 
Firestone 


EXON RESINS 


GIVE YOU SHORT CUTS TO FINER PRODUCTS 


Here are just 9 of the many different ways industry's most complete line of specifically 
engineered vinyl resins answer specific production needs. 





EXON 402-A-—Top corrosion-fighter in industry. Can be 
processed into a variety of useful forms such as sheets and 
rods. Can be cemented or welded. Lightweight, easy to 
work. 





EXON 487-—Specifically designed for use in Vinyl asbestos 
A 


r covering and other products where high bulking density 


oupled with fast fusion are important. Affords economy of 


peration 


PLUS... 





EXON 450-—Ideal for strip coatings. Good solubility, film 
tensile strength and durability. 


EXON 470—Exhibits excellent adhesion to metals, alkyd 
and vinyl surfaces. Compatible with a wide range of drying 
oils, alkyds, phenolics, melamines. High solubility in inex- 
pensive solvents. 





EXON 461—A unique fluorine-containing resin combining 
high solubility, unusual chemical resistance, heat stability 
ind weatherability 

EXON 500-—Specifically engineered for wire insulation with 
superior ¢ lectrical properties 

EXON 650 
the outstanding 


yIhvsical pro} 


EXON 666—A PVC resin designed for use with EXON 650 


\ unique stir-in type plastisol resin combining 
characteristics of EXON 654 with rapid 
erty development on fusion 


186 


and/or 654 as a rheological modifier. Outstanding heat 
stability. 

EXON 700 XR 90 
impregnation. 
EXON 911, 921, 931 —High plasticizer absorptivity coup! 
with fast fusion and high resin purity make this temperatu™ 
tailored series oustandingly desirable. 

EXON 965-—A special low molecular weight PVC res 
making available the outstanding properties of PVC at I 
temperature processing levels 


\n exceptionally fast-fusing latex tut 


1 














EXON 471-—Excellent weatherability and durability in a 
protective coating. Corrosion resistant. No measurable 
change after sunlamp exposure for 360 hours as 1 mil film. 


EXON 481-— Makes possible colorful, abrasion-proof, wash- 
able coatings that resist fading or cracking. 


EXON 905-915-925—Temperature tailored, they free your 
processing from restrictions due to temperature limitations. 


Blend speedily, fuse quickly. 











EXON 
dustry 
top qua 


468 — Specifically designed for the phonograph i1 
Increases mixer output 10-25% while maintaining 
lity finished products 


EXON 654-The versatile plastisol resin. Basis of vinyl 


foam tai 
molding, 
grinding. 


lored to your needs. A top performer for slush 
rotational casting, fabric coating. Needs no 








EXON 4000 Series \ unique group of rigid vinyl cor 

wounds for extrusion and molding 

EXON 5000 Series \ group of vinyl compounds for the 
trical trade 

EXON 9000 Series \ series of elastomeric extrusion and 
ling compounds affording latitude of properties and 

essing conditions 


F RESTONE NYLON 6 \ series of Nylon 6 (poly 


lactam) molding and extrusion materials 





Firestone 


For complete information 
or technical service, 
call or write: 


CHEMICAL SALES DIVISION 


FIRESTONE PLASTICS COMPANY 
DEPT. 849J, POTTSTOWN, PA. 
A DIVISION OF 
THE FIRESTONE TIRE AND RUBBER CO. 
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mosetting resins develop their 
strength and permanence by un- 
dergoing chemical reactions, the 
rates of which are dependent on 
catalysts as well as upon the 
temperature of the adhesive film. 
Catalysts may be introduced in 
the resins or may be added at the 
time of use. New catalyst systems 
are continually being developed 
to provide the best compromises 
between fast-setting, reasonable 
pot life, and greatest freedom 
from undesirable effects on the 
adhesive or adherend in use. For 
some special urea resin 
systems have been used in certain 
woodworking 


years, 


where 
fast-setting at room temperature 
is desired and where sufficient 
catalyst could not be added in the 
glue mix without excessively re- 
ducing the pot life. Here the re- 
active catalyst is applied to one 
mating surface and the resin to 
the other, so that rapid mixing 
occurs upon assembly and appli- 
cation of pressure. Recently, 
special automatic metering equip- 
ment has been developed to mix 
epoxy resins and curing agents 
at the point of application. This 
equipment permits the use of a 
very reactive resin system with- 
out creating a prohibitively short 
pot life. 

Some resin systems are so re- 
active that part of the actual re- 
actant must be withheld in the 
original resin preparation and 
then added at the time of use. 
Such components, added in stoi- 
chiometric proportions, instead of 
smaller catalytic amounts, are 
referred to as curing agents, or 
hardeners. A good example is the 
additional formaldehyde added as 
paraformaldehyde or hexameth- 
ylenetetramine to combine with 
novolac-type phenol and resor- 
cinol resins, or the amine curing 
agents which are used to cross- 
link epoxies. 

Fillers and extenders: Materials 
added to adhesives primarily to 
improve certain handling prop- 
erties or performance are re- 
ferred to as fillers. Walnut or 
pecan shell flour fillers are com- 
monly incorporated in urea-, 
resorcinol-, and _ phenol-resin 
woodworking glues to improve 
consistency for better spreading, 
and to reduce penetration on the 
more porous woods, Metals and 


operations 





minerals may be used as fillers 
in epoxy resin adhesives to im- 
prove mechanical properties and 
to alter the thermal expansion 
coefficients to approximate more 
closely those of the metal ad- 
herends. Extenders are added 
primarily to reduce the cost of 
the adhesive. Examples are wheat 
and other cereal flour extenders 
for the urea resin plywood ad- 
hesives. 


References 


Consult the Subject Index for 
additional information concerning 
adhesives. See also the Adhesives 
Chart for information on proper- 
ties and trade designations. For 
sources of various types of ad- 
hesives, see Directory Index, p. 
1084. 

“Adhesive in film form,” Mop- 
ERN Piastics 34, 112 (May 1957). 

“Adhesives for vinyls,” by 
S. Gold, Mopern Ptastics 34, 208 
(Mar. 1957). 

“Sticky problem—applying ad- 
hesives,” by R. M. Shores, Jr., 
Instrumentation 10, 21 (July/Aug 
1957). 

“A method for measuring sol- 
vent resistance of crystal-to- 
crystal adhesive bonds,” by B. J. 
Faraday and D. J. G. Gregan, 
A.S.T.M. Bulletin No. 222, 42 
(May 1957). 

“Characterization of pressure- 
sensitive adhesives,” by F. H. 
Wetzel, A.S.T.M. Bulletin No. 221, 
64 (Apr. 1957). 

“Neoprene and nitrile rubber- 
based solvent cements,” by D. A 
Smith, Rubber and Plastics Age 
38, 231 (Mar. 1957). 

“Some recent developments in 
radio-frequency bonding of plas- 
tic materials,’ by E. C. Stanley, 
Plastics Inst. Trans. and J. 25, 15 
(Jan. 1957). 

“Glass-to-metal seals,” by T. H. 
Mariner, Product Eng. 28, 188 
(Jan. 1957). 

“Adhesion and _ friction,” by 
F. P. Bowden, Endeavor 16, 5 
(Jan. 1957). 

“Polymeric adhesives for glass,” 
by F. Moser, Plastics Tech. 2, 799 
(Dec. 1956). 

“Role of adhesives in industry,” 
by S. R. Badley, Plastics Inst. 
Trans. and J. 24, 337 (Oct. 1956). 

“Adhesive properties of epoxy 
resins,” by N. A. de Bruyne, J. of 
App. Chem. 6, 303 (July 1956). 


RESINS AND MOLDING COMPOUNDS 





ttice 

























































































BALLISTIC PROPERTIES... In this fabric the strength of 


nylon yarns in filament form provides outstanding impact resist- 
ance to low pressure laminates such as wing board liners for mil- 
itary aircraft. Wellington Sears filament nylon fabrics are made in 
weights of about 2 ounces per square yard and higher, in widths 
from 28 to 72 inches. They are available in the grey or scoured and 


heat set for dimensional stability. 





MULTI-DIRECTIONAL STRENGTH... 


specifically for high pressure laminating, Lantuck is a non-woven, 
resin-bonded fabric whose revolutionary feature of random fiber 
distribution gives laminates equal strength in all directions and 
exceptional machineability at high cutting speeds. New, improved 
Lantuck is recommended as an economical filler for fine gears, 
bobbin heads and other laminates requiring sharp projections or 
edges, mirror-like machined surfaces and superior mechanical 
strength. Lantuck for laminating is 38 to 40 inches wide, weighing 
about 4 ounces per square yard, of various fibers and bonding agents. 


**DuPont’s trademark for its polyester fiber 


irst in Fabrics For Industry 





GOOD INSULATOR... The nylon staple fibers in this fabric 
contribute high bonding strength and provide laminates with supe- 
rior insulation resistance under high humidity conditions, a factor 
of special importance in items for the electronic and high frequency 
fields. Wellington Sears staple fiber nylon fabrics are made 28 to 72 
inches wide in weights of about 4 ounces per square yard and higher. 
Also available to laminators are Wellington Sears fabrics of Orlon*, 
Dacron** and other synthetic fibers. 


Originally designed 


*DuPont’s trademark for its acrylic fiber 


Mdliniion Gq, tabrics insure superior 


verformance for high and low pressure LAMINATING 


IMPACT STRENGTH «++ Wellington Sears single filling duck 


has the right weight and rugged, hard-gripping texture to make 
an excellent reinforcement for C grade laminates where high impact 
strength is important, as in the case of certain gears, safety helmets 
and mechanical parts of many kinds. Available in widths of 29 


inches and wider and in weights from about 8 to 15 ounces per 


square yard. 


SH Oc K R E $ ISTA N C E eee Wellington Sears gear duck, like 
our Superior army duck, is a heavy, rugged fabric, ideal for shock- 
resistant laminates such as heavy duty mechanical parts in mecha- 
nisms subject to sudden starts and stops. Its plied yarn construction 
contributes high fiber density and freedom from sizing substances 
that sometimes hinder impregnation. Available in widths of 281% 
inches and wider and in weights from about 8 to 15 ounces per squars 
yard. Other Wellington Sears quality cotton fabrics for laminating 
include drills, Columbus sheeting, single and plied yarn chafers, and 
numerous special constructions. 
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Wellington Sears > 


WEST PONT 
MANUFACTURING CO 


Wellington Sears Co., 111 West 40 Street, New York 18,N. Y. 
pffices in: ATLANTA * BOSTON * CHICAGO + DALLAS + DETROIT + LOS ANGELES + PHILADELPHIA *» SAN FRANCISCO « ST. LOUIS 
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elnasives 


for all plastics and all metals 









RIGID 


Acrylics; cellulosics; poly- If you will give us the details 
were Se ’ 
fibre: hard rubber, rein- of the adhesive problems you 


forced laminates of sili- 


Se, oe, Sa. face, chances are we can 
flourinated resins; etc., ” 
and all metals. show you a case history of a 


similar production problem 





that has been successfully 
solved with one of the more 
than 650 current ‘-BONDMAS- 


FLEXIBLE TER” adhesives. 


Cellophane; cellulose ace- 
butyrate, cellulose nitrate, ; 
Mylar; liofilm: ‘polyethy And if yours is truly “special”, 
lene; polyvinyl alcohol; : 7 

wera our extensive laboratories 


backed by more than 43 years 
of experience in the exclusive 
manufacture of industrial ad- 
hesives can probably “custom 
build’’ a formulation to an- 












swer your specific needs. 
EXPANDED 





FOAMS Write today for profusely illustrated 
Polyorethene (polyester- technical literature and detailed Prob- 
isocyanate); polyvinyl lem Analysis Form . . . without cost 
chloride; polystyrene; - 

epoxies; phenolics; etc. or obligation. 





RUBBER & ASBESTOS CORP. 


245 BELLEVILLE AVE., BLOOMFIELD, NEW JERSEY 


PLEXIGLAS (metains 





ry 
| EASY Qoent 


= 


AUTOMATIC WASHER CONTROL PANELS 













AUTOMOTIVE 
TAIL-LIGHT 


DISPLAY NAME PLATES 





OHM & HAAS COMPANY @ PHILADELPHIA 5, PA. 


PLEXIGLAS is the trademark for acrylic of products. Manufacturers of cars, home 
plastic molding powders manufactured appliances, lighting fixtures, personal 
by Rohm & Haas Company. Because of accessories, and optical and electrical 
the combination of gleaming beauty and _—_— equipment have found that parts molded 
rugged durability inherent in acrylic plas- | of PLEXIGLAs provide the answer to their 
tic, PLEXIGLAS is used to give added sales most exacting decorative and functional 
appeal and serviceability to a wide range requirements. These pages tell why. 


CLARITY 


Transparent moldings like this edge- 
lighted automobile indicator panel are 
crystal clear. Because of this freedom 
from cloudiness or haze, maximum 
efficiency is obtained in light-piping 
and other optical effects. 


BRILLIANT APPEARANCE 


Plexiglas molded parts have bright, 
lustrous, sparkling surfaces that en- 
hance the colorful appearance of three- 
dimensional insignia and name plates. 








WEATHER RESISTANCE 
































Because Plexiglas is an acrylic plastic, 
unique among all plastics in ability to 
withstand exposure to weather, molded 
parts such as this exterior sign letter 
give long trouble-free service in out- 
door applications. A wide range of 
colored powders are available, devel- 
oped especially for outdoor stability. 


DIMENSIONAL STABILITY 





Plexiglas molded parts are notable for 
their freedom from shrinking or dete- 
rioration through long periods of use. 
The molding powders contain no plas- 
ticizers to leach out and have relatively 
low water absorption characteristics. 
Many types of precisely calibrated 
drafting instruments, where dimen- 
sional stability is essential, are molded 
of Plexiglas. 


BREAKAGE RESISTANCE 





Plexiglas imparts resilience and high 
impact strength to molded parts, 
enabling them to withstand hard blows 
and remain undamaged under rigorous 
service conditions. Tail light lenses on 
most motor cars are molded of Plexiglas. 


ACCURACY OF MOLDING 


Precise contours and sharp angles in 
molded parts such as automobile lenses 
are achieved with maximum efficiency 
by using Plexiglas. Molding accuracy 
can be sustained throughout large pro- 
duction runs. 


EASE OF DECORATION 


Paints and vacuum metallized coatings 
can be applied to parts molded of 
Plexiglas, resulting in efficient, high- 
yield production of three-dimensional, 
multi-colored parts such as trademark 
insignia. 








MACHINEABILITY 


Molded parts can be machined, drilled, 
threaded or routed with accuracy when- 
ever such finishing operations are re- 
quired. Multiple drilling of bristle holes 
in brush backs, for example, is per- 
formed without difficulty. 





CHOICE OF COLORS 


For integrally colored moldings such 
as fountain pen and pencil housings, 
a complete range of standard trans- 
parent, translucent, and opaque colored 
Plexiglas molding powders are avail- 
able. Custom-matched shades are pro- 
duced for special color requirements 
on volume orders. 


TASTEFREE 


Plexiglas molded parts are free of taste, 
and are used for various types of food 
and beverage containers such as this 
bowl of a fruit juice dispensing machine. 


ODORLESS 


Lack of odor is one of the reasons parts 
molded of Plexiglas are preferred for 
personal accessories, and articles such 
as this inhalator. 





COMPATIBILIFY WITH 
HUMAN TISSUE 


Sensitive human tissue is not harmed 
by contact with Plexiglas moldings. 
Contact lenses are a typical example 
of applications where this characteristic 
is of particular advantage. 


CHEMICAL RESISTANCE 


An organic resin, Plexiglas is not af- 
fected by alkalies, non-oxidizing acids, 
salt water, photographic solutions, and 
chemicals used in treating water. It is 
attacked by alcohol, strong solvents, 
and fire extinguishing solutions. This 
valve is molded of Plexiglas because it 
must resist the corrosive effects of 
gaseous chloride. 


ELECTRIGAL INSULATION 


Plexiglas molded parts are excellent 
insulators, with good resistance to 
arcing. Prolonged exposure to weather, 
or immersion in water, has practically 
no effect on electrical properties. This 
Plexiglas aircraft antenna fitting also 
permits easy inspection of antenna 
connections. 





PLEXIGLAS MOLDING POWDERS... 


AVERAGE 


PHYSICAL 


PLEXIGLAS is a trademark Reg. U.S. Pat. Off. and other principal countries in the Western Hemisphere 


PROPERTIES... 





Property 
Refractive Index 


Specific Gravity 


Tensile Strength 


Flexural Strength 


Compressive Strength 
Impact Strength 


Rockwell Hardness 


Light Transmission 
"As Received” 


Effect of Accelerated 
Weathering on 
Appearance of 
Clear Material 


Heat Distortion 
Temperature 


Flow Temperature 


Shrinkage from 
Mold Dimension 


Deformation under 
Load 


Dielectric Strength 
Dielectric Constant 
Power Factor 

Loss Factor 

Are Resistance 
Flammability 


Od 
Tas 


Wat r Absorption 





Test Conditions 
A.S.T.M. D-542-42 


A.S.T.M.D.-792-44T 
A.S.T.M. D-638-46T 
44%” specimen (0.2”/min.) 
Maximum, psi. 
A.S.T.M. D-790-45T 
Span-depth ratio 16 
(0.1" jmin.) 

Maximum, psi. 
A.S.T.M. D-695-44T 
(0.2"/min.) 

Maximum, psi. 
A.S.T.M. D-256-47T 
Izod Molded Notch 
(per inch of notch) ft. lbs. 
R & H P-20 

4%" Ball, 100 Kg. Load 
A.S.T.M. D-672-42T 
Total White, J 

LP 406b-6021 (240 hours) 
Crazing 

Discoloration 

Warping 

Unmolding 

A.S.T.M. D-648-45T 
2°C. /min.-264 psi. 
A.S.T.M. D-569-48 


A.S.T.M. D-551-41 modified 
(Cold mold to cold piece) 
mils /in. 48 hrs. 

A.S.T.M. D-621-48T 
2000 psi., 24 hrs. @ 
50°C., percent 

A.S.T.M. D-149-44 

Volts /mil 

A.S.T.M. D-150-47T 
1,000,000 cycles 
A.S.T.M. D-150-47T 
1,000,000 cycles 
A.S.T.M. D-150-47T 
1,000,000 cycles 


A.S.T.M. D-495-48T 


A.S.T.M. D-635-44 
Burning Rate, in. /min. 


A.S.T.M. D-570-42 


Wt. gain on 24 hours water 
immersion 

Dimensional change on 
immersion, percent 





Average Values (not intended for specification purposes) 


Injection 
Prexicias VS 


1.49 


1.18 


8000 


93 


None 
None 
None 
None 


75°C. (167°F.) 


132°C. (270°F.) 


4—7 


0.4 
500 
2.3 
0.03 
0.08 
No Tracking 


0.5 
None 
None 





Injection 
PLexicLtas VM 


93 


None 
None 
None 
None 


80°C. (176°F.) 


140°C. (284°F.) 


4—8 


0.3 
500 
2.3 
0.03 
0.08 
No Tracking 


0.6 
None 
None 





Injection 
PLExicLas V 


1.49 


1.19 


9000 


93 


None 
None 
None 
None 


91°C. (196°F.) 


158°C. (316°F.) 


5—8 


0.3 
500 
2.2 
0.03 
0.06 
No Tracking 
0.7 


None 
None 





Compression 
PLexicias Y 


1.49 


1.19 


7000 


M—62 
93 


None 
Yellowed Slightly 
None 
None 


67°C, (153°F.) 


145°C. (293°F.) 


500 
3.0 
0.02 
0.06 


No Tracking 


0.7 
None 
None 





TYPES OF MOLDING POWDERS 


Injection PLEXIGLAS 





Extrusion 





Compression 





CAST AND EXTRUDED SHEETS 


PLEXIGLAS acrylic plastic is also made in the form of cast 
and extruded sheets in a wide range of sizes and thicknesses, 
as clear transparent material and in many colors. Sheets can 
be heated and formed to almost any shape and are easy to 
cut, machine and cement. They have the same advantageous 
performance characteristics as parts molded from PLEXIGLAS 
molding powders. Because of this, sheets are useful for proto- 
types of parts to be molded, design study models, transparent 
demonstration models, and for production runs in quantities 
where tooling costs for molding are not justified. 


DESIGN SERVICES AVAILABLE 


Services of the design staff of the Rohm & Haas Company Plastics Laboratory are 
available for consultation in the design of molded parts and sheet applications. For 
assistance in any idea or problem involving the use of PLexiGxas, call or write the 
nearest of the following sales offices: 


1430 W. Peachtree Street, N.W.. . a oh a ee ee Atlanta 9, Georgia 
13 Eaton Court, Wellesley Hills81 . . . . . . +. +. .Boston, Massachusetts 
5750 W. Jarvis Avenue (Niles) Soe ee ee ee Chicago 31, Illinois 
2012 W. 25th Street . oe eee eve e een eee we see « » « Cheveland 13. Olio 
209 Browder Street. se eee 6 eS & © © © ee Sa a 
110 West First Street 2. 2 2... ee. . . . Dayton 2, Ohio 
20211 Greenfield Road a toe ee ew ew ee 6. )6Detroit 35, Michigan 
1009 Baltimore Avenue — . Soe ee ee ew ee ee ee ) . Kansas City 5, Missouri 
5657 Wilshire Boulevard . ne oa we eA ee , Los Angeles 36, California 
350 Fifth Avenue 4 ¥ we bar ah Db ea New York 1, New York 
600 California Street. 2. 2 2 2 Ww , ..... . . San Francisco 8, California 
1110S. Brentwood Boulevard. . . 2... .. 2... . St. Louis 17, Missouri 
734 Fifteenth Street, N.W. . . toe ee ew ew ee we ss )6Washington 5, D. C. 


Canadian Distributor: 


Crystal Glass and Plastics, Ltd., 130 Queen’s Quay East, Toronto, Ontarie, Canada 





PLEXIGLAS is a trademark Reg. U. S. Pat. Off. and other principal countries in the Western Hemisphere 


ROHM & HAAS COMPANY 


WASHINGTON SQUARE, PHILADELPHIA 5, PA. 


Printed in U. S. A. 





Solving unusual problems with Riegel papers 


Mountains of data radioed by rockets in flight are captured 
photo-electrically on tape made of Riegel paper with unique 
physical, chemicai and electrical properties. Tape is charged 
with static in form of image. This electrostatic “printing” is 
developed by dusting with powder, which clings only to 
charged areas. Image is “fixed” by heating paper’s coating, 
fusing powder in position. It’s all done in a wink! 


Rocket-Age Dictation... 10,000 digits a minute! 





Plastic Casting Paper and Release Paper...all in one! 


Vinyl film is cast on one side of paper and cured at 400°F. 
Paper then serves as carrier while adhesive is applied to 
vinyl, and it’s rolled for storage. When roll is unwound, 
release-coated back of paper peels easily from sticky adhe- 
sive, leaving vinyl and adhesive on base paper where it was 


cast. Later, the vinyl itself is stripped cleanly from paper! 





The grinding wear of dirt in high-speed engines . . . radio- 
active particles escaping into air... all spell death to atomic- 
age machines...and men. Riegel researchers have developed 
many highly technical, resin-impregnated filter papers for 

Life Insurance @ta Quite. toaurCu ints things like “absolute filters” in atomic installations, oil filters 
¢ and air cleaners, battery separators, gas masks, vacuum 
cleaner bags. 


...and Men! 





Glass Reinforcing Material Made on Paper Machine! 


Riegel’s Glascel* is a thought-provoking new impregnating paper for plastic 
laminates. As a reinforcing material it gives better uniformity and lower cost 
than other non-woven glass materials . . . and higher strength than ordinary 
saturating papers. Glass content is variable from 5% to 90% to give just the 
right strength for each job. Long rolls, many weights, widths to 65 in. 


GLASCEL" 


™ 





OVER 600 RIEGEL PAPERS interleaving papers 

for tacky materials ’ ini . ° : 
Release papers for Riegel specializes in developing, manufacturing and 
pressure sensitive adhesives converting technical papers that solve problems. More 


than 600 kinds have already been produced on our 14 


Resin-impregnated papers 


Casting papers Heat-seal coated papers 





for films, adhesives 
and polyurethane foam 


Separating papers 
for plastic laminating 


Laminations of 
paper, film or foil 


Polyethylene extrusions 
on paper, film or board 


paper machines. We'll be glad to give you a run-down. 
Tell us your problem... 








write 


TECHNICAL 


TECHNICAL ADVISORY SERVICE 
Riegel Paper Corporation, Box 250, New York 16, N.Y. 


to: 


PAPERS FOR INDUSTRY 








Look at these uses for 


Electronic Components. Epon resins are preferred for 
potting, sealing, encapsulating, and laminating because 
they possess outstanding electrical and physical properties. 
They form strong bonds to metal and glass, and assure air- 
tight enclosure for delicate components and vacuum tubes. 
They also retain excellent dimensional stability and can 


withstand solder bath temperatures. Photo courtesy Freed Transformer 
Company, Brooklyn, New York. 


Adhesives. Epon adhesives are used in the aircraft in- 
dustry to manufacture honeycomb panels, structural joints, 
radar antenna, jet fuel tanks. Solvent-free Epon adhesives 
permit instant assembly ... often eliminate the need for 
welding and riveting. Special formulations maintain a high 


degree of strength at temperatures up to 500° F. Photo courtesy 
of Convair Division, General Dynamics Corporation, Fort Worth, Texas. 


Tooling Applications. The unusual physical properties 
of Epon resins make possible the preparation of lower cost 
stretch dies, forming tools, drop hammer dies, jigs, dupli- 
cate master die molds, checking and assembly fixtures. 
Tools of outstanding strength and high quality can be 
fabricated to close tolerances and require little finishing. 


Photo courtesy of International Harvester’s Milwaukee Works and Kish Industries, 
Inc., Lonsing, Michigan. 


Coatings. Paint users are rapidly becoming aware of the 
many important advantages offered by Epon resin-based 
formulations . . . excellent adhesion, outstanding resistance 
to abrasion and impact, ability to withstand extremes of 


heat, humidity, and the attack of corrosive chemicals. Photo 
courtesy of Trubeck Laboratories, inc., East Rutherford, New Jersey, and Protex-a- 
Cote, inc., Newark, New Jersey. 
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SALES SPECIFICATIONS 





Epon resin type 


828 834 1007 1009 





Melting Point, °C* 


liq. iq. 125-135 145-155 





Color (Gardner) mox.? 





Viscosity? 
Gordner-Holdt 
poises 0.9-1.5 5-9 40-100 


O-V Ai-B D- - Y-Zi Z2-Zs 
135-195 3.5-9 0.30-0.6 1.0-1.6 4.3-6.2 17-27 36-100 





Epoxide Equivalent? 140-165 175-205 185-205 


185-205 225-290 300-375 425-550 875-1025 1900-2450 2400-4000 





Epoxide Lquivalent* 60-71 48-57 48-54 


-48-.54 -35-.44 -26-.33 -18-.24 09-11 .04-.05 03-.04 





TYPICAL PROPERTIES 





Epon resin type 562 


828 834 864 





Weight, Ib./gal. 10.2 


97 9.7 99 9.9 9.6 9.6 





Esterification Value5 65 


85 105 115 145 175 200 





1. Durrons Mercury method 
2. Epon 562, 815, 820, and 828 on undiluted resin 


Epon 834 as 70% solution, all other types as 40 
solutions, all in butyl carbitol ot 25°C. 


When you make Shell your source for Epoxy 
Resins, you can be sure that the products you re- 
ceive will meet the highest standards set by industry. 
Prompt delivery . . . in quantities from drums to 
30,000-pound batches ... is assured from conven- 
iently located storage facilities. 

Shell's technically trained personnel are prepared to 
assist you in making your products better and less 
costly ... with Epon resins. Write for full information 
today. 


Grams of resin containing one gram-equivalent of epoxide 
Grams epoxide equivalent per 100 gms of resin 


Grams of resin required for complete reaction with one gram 
mole (e.g., 60 g. of acetic acid) of an organic acid. 





SALES SPECIFICATIONS— SOLUTIONS 


Epon resin 


solution 864-C-75 1001-BT-70 1001-CX-75 Epon 10 


Non-Volatile 
component Epon 864 Epon 1001 Epon 1001 


Volatile MIBK MEK-Toluene MIBK-Xylene 
compositior 50:5 65:35 


Solids (+ 1% 75% 70% 75% 








(*Epon resins are the epoxy polymers made exclusively by Shell Chemical Corporation) 


SHELL CHEMICAL CORPORATION 
CHEMICAL SALES DIVISION 


i « Detroit « 








engineered 
resins for 
superior 


jehebe-Jebboloame- betel 


molding 
results 


& 


NYLATRON’ GS 
Nylon Molding Powders 


.a molybdenum disulphide filled nylon* 
that expands the use of nylon by providing 
high wear and abrasion resistance, greater 
rigidity, higher heat distortion temperatures 
and other desirable characteristics. The addi- 
tion of molybdenum disulphide—a dry lubri- 
cant—increases tensile strength, improves 
flexural strength 5 to 10°/, and raises modulus 
of elasticity by more than 40°. 


NYLATRON GS parts run cooler, smoother 
and quieter with less friction to generate 
heat, maintain established fits and clear- 
ances over a wide temperature range. The 
coefficient of linear expansion is approxi- 
mately half that of nylon 101, thus providing 
better size control and more accurate molding 
tolerances. NYLATRON GS develops fewer 
stresses, thereby reducing dimensional 
changes of components after molding. 


*Patents applied for 


New CORVEL?: 
Fusion Bond Finishes 


. a family of finely divided finishing pow- 
ders that open new product possibilities. 
Applicable to castings, steel wire parts and 
expanded wire mesh, metal stampings, etc. 
to provide the ultimate in uniform coatings 
for chemical and corrosion resistance, elec- 
trical insulation and mechanical properties. 
Available in colors for decorative and coding 


purposes. 


CORVEL resins are especially prepared for 
use with the WHIRLCLAD®” Finishing 
Process. They are available in cellulosics, 
nylon, polyethylene, K-51 (chlorinated 
Polyethers), vinyls, and epoxies. The 
WHIRLCLAD Process is available to licen- 
sees in the United States and Canada from 
Polymer Processes, Inc., an affiliate of 
National Polymer Products, Inc. 


Polymer Corporation trademark for finishing materials 


National Polymer resins are 
produced under highest 





NATIONAL POLYMER PRODUCTS, INC. 


Subsidiary of The Polymer Corporation 
Reading, Pa. 


quality standards to assure 
consistent uniformity, pre- 
dictable results. Complete 
technical assistance avail- 


- able. Write today for per- 
POLYPENCO formance data . . . or help 


on a particular molding or 








Export: POLYPENCO, INC., Reading, Pa., U.S.A. 


finishing problem. 








THERMAFLOW 


reinforced polyester molding compounds 


Thermaflow compounds offer new opportunities, as replacements 
for metals or other plastics, to reduce manufacturing costs, 
improve performance and save weight. They offer high strength- 
weight ratio, superior corrosion resistance, and excellent elec- 
trical properties. 


Mold them in standard compression or transfer presses at 275- 
350°F. at moderate pressures for uniform strength throughout. 


Write for catalog giving complete data and molding information. 


MECHANICAL CHEMICAL 
PROPERTIES RESISTANCE 





DISTORTION 
ELECTRICAL 
PROPERTIES 


HEAT 





-_ 

oS 

mn 
@ 
r=) 
ro) 
a 


best flow- 
chemical resistant 


Slow 


Slow vibration 
resistant 


Self ex- . | high impact 
tinguishing electrical grade 


Slow ? high temperature 


Self ex- ? . | high impact 
tinguishing electrical grade 
Meets Mil. Spec. 
MIL-M-14E, 
Type MAI-60 


smooth, glossy 
surface 



































ATLAC 382 POLYESTER RESIN 


special properties with conventional cure 


Exceptional chemical resistance and electrical characteristics at 
elevated temperatures (to 250°F.). High heat distortion point, 
reduced shrinkage. Low specific gravity. 


Available in styrene or as a dry powder. Applications include 
chemical tanks, corrosion-proof structural pieces, laminates, 
pre-mix compounds, electrical impregnant. 


Data and application sheets available on request. 


CHEMICALS 
DIVISION 


TLAS 


POWDER COMPANY 
WILMINGTON 99, DELAWARE 


in Canada: Atlas Powder Company, Canada, Lid. 
Brantford, Ontario, Canada 





Whatever your special problem... 


It Will Pay You To Learn More About 
These ‘Tailor-Made’ Spencer Resins: 


a 


Spencer “Poly-Eth” Polyethylene Resins: 





Designed For: General Properties: 





Molding Excellent stress crack resistance. High gloss. Flexible. Wide range of melt indices. 
Molding Stiffer than 1000 series. Has high gloss. Complete variety of melt indices available. 
1500 (“Hi-D”) Molding Noted for chemical and abrasion resistance. Stiffest of all Spencer molding resins. 











2000 Coating Outstanding abrasion resistance. Excellent draw-down. Minimum necking-in. 





2200 Film & Coating High impact strength. Excellent adhesion characteristics. Wide range of slip concentrations. 





2400 Film Recommended for exceptionally clear film with high gloss. Excellent draw-down. 





2500 (“Hi-D”) Film & Coating —_ Ideal for overwrap film because of its stiffness. Has high heat resistance and unusual clarity. 





3200 Pipe & Film These black resins have high degree of resistance to weathering. Good stress crack resistance, 





3400 Pipe For superior burst strength and outstanding creep resistance. Consistently high gloss. 





3500 (‘Hi-D”) Pipe For maximum burst strength and creep resistance. Exceilent gloss. 





Spencer Nylon Resins: 


Choose from any of eight molding and extrusion tages of Spencer Nylon are: (1) less mold shrink- | 
resins with wide range of viscosities. Versatile Spen- age; (2) lower moisture content in can; (3) wider | 
cer Nylon combines unusual toughness, excellent molding temperature range; (4) ability to mold — 
abrasion resistance, low friction properties and re- small sections with high clarity; (5) ability to mold — 
markable strength. Among the processing advan- large surface areas, void-free parts and thick sections. 


| Srna 


; 


J 





SPENCER CHEMICAL COMPANY 


General Offices: Dwight Bldg., Kansas City 5, Mo. 


Producers of: 


“POLY-ETH” SPENCER 
POLYETHYLENE °"" NYLON 


For complete information contact your nearest Spencer sales office: 


SPENCER SALES OFFICES: WAREHOUSES: 


Dwight Bldg., Kansas City 5, Mo. (BAltimore 1-6600) New York City 
500 Fifth Ave., New York City (LAckawana 4-9714) Chicago 

First National Bank Bldg., Chicago (RAndolph 6-3790) Los Angeles 
1435 S. La Cienega, Los Angeles (Oleander 5-8540) Orange, Texas 
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American Cyanamid Services § 


technical and sales service 


Technical sales service, always a major and important activity of Cyanamid, has been 
augmented by a new consolidated laboratory which widens this scope and 

provides better scientific liaison with our customers. To help anticipate customer 
production problems and assist in maintaining or improving product quality 

at the lowest possible cost, typical equipment has been installed—injection, extrusion, 
compression, and vacuum molding machines and laminating and calendaring 
equipment. Assistance is also available for designing fabricating equipment. 


color selection service 


A color selection service, under direction of two color consultants familiar with color 
trends and current preferences, is available without cost to prospective users of 
Cyanamid plastics. On display in the Color Room in Cyanamid’s New York headquarters 
are sample chips of Cymel" and Beetle” thermosetting and Cymac® thermoplastic 
molding compounds in more than 6,000 standard and special colors. 


technical literature 


Complete technical information, including properties and applications, is available 
for the following materials: Cymel melamine and Beetle urea molding compounds; 
Cymac methylstyrene molding compounds; Bonding and Laminating resins; and 
Laminac polyester resins |Fabricating with Laminac Resins and The Story of 
Reinforced Plastics]. These may be obtained upon request to: Plastics and Resins 
Division, American Cyanamid Company, 30 Rockefeller Plaza, New York 20, New York. 








The data contained herein are based on the best available information and are 
believed to be correct. However, no warranty is expressed or implied regarding the 
accuracy of these data, the stability of the product or its use and performance. 
Nothing contained herein shall be construed to imply the non-existence of any relevant 
patents nor to constitute a permission, inducement or recommendation to practice 
any invention covered by any patent owned by American Cyanamid or others, 
without authority from the owner of the patent. 








product 
name 


type of 
plastic 


molding compounds 


Beetle 


Cymel 


Cymac 


resins 


Laminac 


Cymel 
laminating 


Cyzac 
laminating 


Cymel 
adhesive 


Melurac 
adhesive 


Urac 
adhesive 


Ketac 
adhesive 


®@special grades can be supplied for transfer or plunger mélding 
4Cymac Super 201 [methylstyrene acrylonitrile copolymer} has improved phy$ical and chemical| properties over Cymac 400 





urea- 
formaldehyde 


melamine 
formaldehyde 


methyistyrene 


polyester 


melamine 
formaldehyde 


modified 
triazine 


melamine 
formaldehyde 


melamine- 
urea 
formaldehyde 


urea 
formaldehyde 


acetone 
formaldehyde 


forms 
available 


powder or 
granular 


powder or 
granular 


pellets or 
granular 


liquid 


powder and 
liquid 


liquid 


powder 


powder 


powder and 


liquid 


liquid 


process- 
methods 


compression 
molding® 


compression 
and transfer 
molding 


injection and 
extrusion 


hand or com- 
pression 
mold 


medium to 
high pressure 
laminating 


low 
pressure 
laminating 


hot 
pressing 


hot pressing 


cold or hot 
pressing 


hot pressing 


physical 


surface 
hardness; 
abrasion 
resistance 


exceptional 
surface 
hardness 


exceptional 
heat 
resistances 


excellent 
strength in 
laminates 
or moldings 


exceptional 
surface 
hardness 


dimensional 

stability plus 
good surface 
hardness 


extremely 
durable, boil 
resistant 


high bonding 
strength, boil 
resistant 


moisture 
resistant 


moisture 
resistant 


electrical 


high arc re- 
sistance and 
dielectric 
strength 


generally ex- 
cellent, varies 
with type 


excellent 


generally 
excellent 
properties 


good 


good for 
electrical 
insulation 


comparative characteristics of Cyanamid materials 


chemical 


resistant to 
oils, greases, 
solvents 


resistant to 
oils, solvents, 
mild acids, 
alkalis 


resistant to 
acids and 
alkalis 


resistant to 
solvents and 
most chemicals 


resistant to 
mild acids, 
alkalis, sol- 
vents, greases 


resistant 
to acids 


® imparts moisture resistance to starch adhes|ves 


color 


unlimited 


unlimited 


unlimited 


almost 
colorless 


colorless 


colorless 


colorless 


white to tan 
non-staining 


white to 
tan 


light 
yellow 







section 





Beetle molding compounds produce marproof, lustrous moldings 
highly resistant to detergents, oils and greases————they are sup- 
plied in powder or granular form and various plasticities to meet 
specific molding needs in compression molding 


applications: 

radio cabinets 

stove hardware 

wiring devices 

electric appliance housings 
cosmetics containers 
Closures 

buttons 












BEETLES 
thermosetting 


urea-formaldehyde alpha cellulose- 





filled molding compounds 



























































Cymel molding compounds fill a variety of industrial and consumer applications 
———all have basic properties of surface hardness; non-flammability; resistance 
to heat, boiling water and attack by solvents; color stability; lack of odor or taste, 
and good electrical properties for compression, transfer or plunger molding 


dinnerware 
buttons 
electric mixer and 
shaver housings 
closures 
lighting fixtures 





electronic equipment 
aircraft and automotive 
ignition parts 

circuit breakers 
terminal blocks 

switch gears 


watt-hour meter blocks 
connector plug inserts 
automotive ignition parts 


connector plug inserts 
circuit breakers 
automotive ignition parts 
watt-hour meter blocks 


heavy duty switch gears 
terminal strips and 
stand-off insulators 
sockets and coil forms 





terminal strips and 
stand-off insulators 
sockets and coil forms 


terminal strips 
circuit breakers 


decorative moldings 
including buttons and 
jewelry findings 





































aevaneing:CYMEL® 


melamine formaldehyde 





molding compounds 














wey 

















vpreperdien DEE TLE-CYMEL® h 


—— ar 











Cymac molding compounds are thermoplastic molding materials 
with an unusual degree of heat resistance, showing no distortion 
after repeated immersion in boiling water——they may be injection — 


applications: 

housewares 

hospital equipment 
refrigerator trays & containers 
nursery products 

brush backs and bristles 

radio cabinets, battery cells 
display fixtures 





electrical and 
mechanical applications 
bearings 
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methylstyrene mo (ding compounds 





pg. 10-11 






































Laminac thermosetting resins vary in viscosity, rate of cure, degree of reactivity 
and degree of rigidity of the cured product——flexible or rigid laminates can be 
produced by the proper choice of resins——they are clear, nearly colorless liq- 
vids——when cured resist heat and chemicals 


Laminac 4119 


Laminac 4120 
Laminac 4123 
Laminac 4128 


‘® Laminac 4105 


Laminac 4134 
@ Laminac 4107 


Laminac 4146 
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an unfilled, non-plasticized melamine-formaldehyde resin 
in the form of a free-flowing dry white powder——this is a general purpose 
laminating resin used principally in decorative and industrial laminates 


melamine-formaldehyde powdered resin modified with an 
unusually effective plasticizer or flow promoter———used chiefly in treating 
overlay and print sheets for decorative laminates, especially post forming 
grades 


furniture, counters, wall panels and similar decorative laminates utilizing 
wood veneers paper or fabric— the use of Cymel resin confers properties 


of surface hardness, strength, and resistance to heat, moisture and chemicals 


glass cloth, canvas or asbestos usually are used for industrial grade laminates 
—advantages include resistance to heat, flame, electric arcing, and to 
chemicals, especially alkali 


a ———formulated for impregnating print-grade laminating 


papers to produce decorative surfaced hardboards for use as wall panels, door 
panels, cabinets, do-it-yourself applications, low-cost furniture and TV cabinets 


. —-provides the most satisfactory characteristics in impreg- 


nated overlay-grade laminating papers: laminated directly to wood surfaces at 
moderate cost, these papers produce a transparent, colorless finish with ex- 
cellent surface properties; they may even be applied over stained surfaces 
—the finish gives exceptional beauty and durability to flat working sur- 
faces of tables, dressers, desks and chests 


Cyzac: laminating resins make it possible to produce, directly on low-density 
particle board and veneer-faced hardboard finishes and surface characteris- 
tics approaching those of high-pressure decorative laminates 
surfaces produced with Cyzac resins have exceptional craze resistance when 
subject to heat or strains caused by dimensional changes in the core material 
———both resins are solutions packaged at 55% solids content 


——laminated 





CYMEL-CYZAC® | taminaciny resins | pore f 


CYMEL-MELURAC-URAC-KETAC “ 














hot-press melamine-formaldehyde plywood adhesive for 8 ———-melamine-urea-formaldehyde resin developed for use 
use with or without fillerss-————may be added to urea resins to improve as a wood particle binder————a fine, free-flowing powder that is easily 
durability of bond and materially lengthen working life of glue mix— can handled ———imparts no color to the molded article————may be blended 
be used for laminating heavy timbers in marine applications and for general- dry, or sprayed from water dispersion into wood chips or sawdust 


purpose work where a boil-resistant, non-staining bonding agent is required 
—Cymel 401 may be used for gluing plywood to meet Commercial Stand- 







a general-purpose, urea-formaldehyde resin in water solution 
ard CS-35-56 for Type | hardwood plywood and also Military Specifications for high-solids solution (66% PMMA Method) for drum, tank-car or truck 
exterior plywood shipment————catalysts and hardeners available for all wood-bonding appli- 

cations— cold- or hot-press plywood gluing, high-frequency gluing, forti- 

———powdered melamine-formaldehyde resin for use as forti- fication of starch-dextrine adhesives, etc.— Urac adhesives are suitable 

fier of plaster of Paris and gypsum to increase structural strength of cast for Type II and II! plywood CS-35-56; Types | and III plywood, Federal Speci- 
products fication MMM-A-188; Types II and II] plywood, Federal Specification NN-P-515a 







and Joint Army-Navy Specification JAN-P-10 for fiberboard boxes 






———powdered melamine-urea-formaldehyde resin with sepa- 
rate catalyst, formulated solely as an adhesive for tapeless splicing of veneers 






similar to Urac 180, but containing 60% resin solids 














one-package, melamine-urea-formaldehyde resin for z —raze-resistant urea-formaldehyde adhesive for assembly 











tapeless splicing of veneers, requiring addition of water only or secondary gluing operations————two components, liquid resin and pow- 
dered hardener————sets at room temperature with low pressure —ex- 
filled melamine-urea-formaldehyde, one-package, fast- cellent for bonding decorative laminates to plywood, Masonite and other hard- 
curing colorless powdered resin for hot-pressing flat or molded plywood boards gluing-to-standards guide same as for Urac 180 
combines non-staining, moderate cure temperatures, durability, boil 
resistance ideal for exterior-grade plywood— catalysts are avail- ui ———similar to Urac 180, but in powder form catalysts 
able to reduce cure rate to that of hot-press urea resins Melurac 300 is available for general-purpose wood gluing, cold or hot setting 


an ideal adhesive for gluing plywood to meet Commercial Standards CS-35-56 
Type | plywood or Federal Specification NN-515, Type | plywood containers 





a” ——liquid ketone-formaldehyde resin alkaline curing, 
formulated especially as a fortifier of starch adhesives used in the manufac- 
powdered melamine-urea-formaldehyde resin, similar to ture of corrugated paperboard 










jrac 300 but without filler 


—filled melamine-urea-formaldehyde formulated to give 
ater use economy than Melurac 300————recommended where extreme 
ability of Melurac 300 is not required 
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ERICAN CYANAMID COMPANY 


Plastics and Resins Divis 





30 Rockefeller Plaza, New York 20, New York 
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VINYL RESINS 


Applications 


Dry blend extrusions. 
Calendered film and 
sheeting. Wire insula- 
tion. 


Main Advantages 


Rapid plasticizer ab- 
sorption. Clarity and 
freedom from gel par- 
ticles. U.L. Approved. 





latest 


Dry blend extrusions. 
Calendered film and 
sheeting. Rigid appli- 
cations. Wire insula- 
tion. 


—e 
Rapid plasticizer ab- 
sorption. Clarity and 
freedom from gel par- 
ticles. U.L. Approved. 





evelopments 


Calendering and mold- 
ing. Semi-rigid sheet- 
ing. 


High calender produc- 
tion rate. Good flow, 
heat stability. 





from 


Processing aid. Base 
for high gloss injec- 
tion molding com- 
pounds, 


Improves _ processing 
without sacrificing 
heat stability. Excel- 
lent flow. 





Processing aid in 
molding and calen- 
dering. 


Reduces temperature 
requirements and 
shortens production 
cycles. 





Diamond 


Designed for unplasti- 
cized applications. In- 
jection molded items 
or calendered rigid 
film and sheet. 


Good fhow and supe- 
rior heat stability. Can 
be molded in standard 
equipment. 





PVC-60 


Cold dry blends. 


High plasticizer ab- 
sorption without heat. 





CR-80 
(Copolymer) 


Calendered rigid film. 
Records. 


High flow, low vola- 
tiles. 





FCR 


(Copolymer) 


Flooring. 


Easy processing and 
high bulk density. 





PVC-70 


(Paste resin) 


you'll want 


PVC-50 


Production of plasti- 
sols and organosols. 


Applications 


Calendered film, sheeting. General extrusions. 
Wire insulation (U.L. Approved). 





Good clarity, viscosity, 
heat stability and 
shelf life. 





these important | res | 1 


Calendered film, sheeting, coated fabrics. Ex- 
trusion profiles, tubing, molding compounds. 





PVC-FG 


Resins 





0.63-1.35 





Diamond Resins, too | 





Flooring. 





A.nievideer of dighd and lestemecis compounds are cles avaitible tar speciicegginien. | 


For complete information, write Diamond Alkali Company, 
300 Union Commerce Building, Cleveland 14, Ohio. 


Q) Diamond Chemicals 








FIRST IN EPOXIES 











a EPOXIES 








For use in HIGH STRENGTH ADHESIVES SURFACE 
COATINGS TROWELING COMPOUNDS ELECTRICAL 
EMBEDDING STRUCTURAL LAMINATES PLASTIC BODY 
SOLDERS ifele]El  leme@es’ (208), ie} VINYL STABILIZERS 








ARALDITE 


RD-1* 


reactive 
diluent 
for 
epoxy 
resins 


100pbw6005 
1OpbwRD-1 
15pbw951 


Gel at R. T. 
> Bhr. at 
100°C. 


excellent 


ARALDITE 
RD-2 


reactive 
diluent 
for 
epoxy 
resins 


100pbw6005 
33pbwRD-2 
19pbw951 


Gel at R. T. 
> 8 hr. at 
100°C. 


87 


excellent 


ARALDITE 


502 


body solders 
adhesives 
coatings 
electrical 
laminates 
tooling 


263 


1.15 
7 
liquid 
4,500 


100pbw502 
10pbw951 


24 hr. at 
40°C. 


4.0 
9.0 
Type B 


M82 


< 2% 


0.12 


<0.01 


65 


excellent 


ARALDITE 


6005 


body solders 

adhesives 

electrical 

laminates 

tooling 

vinyl 
stabilizers 


1.16 
3 
liquid 
9,000 
(Z,) 


100pbw6005 
13pbw951 


24 hr. at 
40°C. 


M104 
<2% 
0.12 


<0.01 
74 


excellent 


adhesives 
electrical 
laminates 
tooling 


liquid 
14,000 
(Zs) 


100pbw6010 
12pbw951 


24 hr. at 
40°C. 


M105 
— 2% 
0.12 


<0.01 
72 


excellent 


electrical 
laminate 
tooling 
flooring © 
trowel 
compo 

















ARALDITE ARALDITE ARALDITE ARALDITE ARALDITE ARALDITE ARALDITE ARA 


rer oa j 


6020 6030 6040** 6060 6071** 6075 6084 6097** 6099 


body solders 








adhesives 
electrical 
E laminates adhesives coatings coatings 
tooling adhesives adhesives adhesives air-dry and coatings automotive avtomotive 
flooring and coatings coatings adhesives air-dry baked automotive primers primers 
troweling vinyl vinyl electrical coatings coatings primers baked finishes baked finishes 
compounds stabilizers stabilizers laminates laminates laminates esters esters esters 











270 





1.16 1.19 
4 5 ‘ 4t 4t 4t 4t 5t 5t 
: 31 67 
> 100,000 - * - " 
(Ait) Dt 




















































00pbw6020 100pbw60 
45pbw901 30pbw901 


4 hr. at 
160°C. 





12,000 


18,500 
0.70 
0.45 
4.0 
4.8 
Type B 


M100 
0.6% 
0.08 


<0.01 
109 





excellent excellent 





410 
> 5.7 
> 8.0 
3.89 
0.0012 










ito) mh iUlaial-imlaticldiilehilelamelamial-MUli-Melm-\cellelt(-mel0 VA Mmelt)-(OMelale| 
6097 see CIBA Araldite Technical Bulletin #18 on coating resins. 





“Also available already-mixed as ARALDITE 506, consisting of 100 pbw ARALDITE 6005: 10 pbw ARALDITE RD-1 
**Avo lable as ARALDITE Resin Solutions for the convenience of the formulator 


140° N.V. solution in Buty! Carbitol 
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CIBA Products Corp., Kimberton, Pa. 
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Pl as ke , no New Products‘: 


PLASTICS New Uses- 
i RESINS New Markets.=. 








Plaskon® 


ADD SALES APPEAL 


WITH Plaskon’ UREA ano 
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FOR SMOOTH, HARD, ENDURING SURFACES... 


“MOLDED-IN" COLOR CHEMICAL RESISTANCE 


Nothing sells like color—especially when it’s perma- Urea and melamine effectively resist common organic 
nently molded into the product—virtually indestruct- solvents, soap, borax, oils and greases. 

ible color that can’t peel, chip or wear off. PLASKON 

Urea and Melamine offer complete freedom of color QUALITY 


selection—over 12,000 colors ! P 
aut aeames Pleasantness to the touch is an added sales appe 


HEAT RESISTANCE offered by products molded of urea and melamin 
These thermosetting plastics will not soften or dis- They feel warm and smooth, are non-electrostat 
color when exposed to elevated temperatures. and will not attract dust or dirt. 


For technical service, marketing counsel or more complete information on any PLASKON Molding Compoun: 








Plaskon® 


TO YOUR PRODUCTS 


MELAMINE moLpING COMPOUNDS 


NOW IN MORE THAN 12,000 ‘‘'MOLDED-IN’’ COLORS! 


HIGH STRENGTH 

Urea and melamine products have extra hard, dur- 
able surfaces that resist scratching and chipping. 
Their rigidity and strength make them popular for a 
wide range of consumer and industrial products. 


SU°ERIOR ELECTRICAL PROPERTIES 


PL. \SKON Urea and Melamine have high electrical 
ation values and are resistance—and are self- 


extinguishing. They provide a margin of safety and 
performance characteristics that allow greater free- 
dom in the design of many new electrical products. 


HOUSING TYPE UREA 


The recent development of a urea compound with 
easier moldability and greater fusibility makes pos- 
sible the use of urea in larger cabinet applications 
suchas T Vsets, business machines and airconditioners. 


2ntact: PLASTICS AND COAL CHEMICALS DIVISION, Allied Chemical Corporation, 40 Rector Street, New York 
Y. HAnover 2-7300. In Canada: Allied Chemical Canada, Ltd., Keating & Saulter Streets, Toronto 8, Ontario. 





Plaskon® 





Wood-filled 
PLASKON UREA 


A General Purpose 
Molding Compound 
For Top Performance 
and Economy 


In many applications such as 
wiring devices, closures, 
appliance parts, buttons, toys, 
and housings, wood-filled 
PLASKON Urea offers 
outstanding advantages. 


ELECTRICAL PROPERTIES 


Its superior arc resistance, 80-100 seconds 
A.S.T.M., makes wood-filled urea well suited for 
wiring devices and other electrical applications 

. particularly where moisture and exposure 
may be critical factors. 


COLOR 


This quality thermosetting PLASKON Molding 
Compound is available in black and two shades 
of brown. Laboratory tests proved it provides 
excellent color fastness. 


DURABILITY 


Its molded surface hardness and resistance to 
household chemicals, chipping, scratching, and 
heat compare favorably with alpha cellulose- 
filled urea. The material is tasteless, odorless and 
inert. Wood-filled PLASKON Urea is easy to 
clean and does not attract dust. 


MOLDING ADVANTAGES 


The uniform granulation of wood-filled 
PLASKON Urea results in excellent feeding 
for preforming and automatic molding opera- 
tions. Like alpha cellulose-filled urea, this mate- 
rial offers rates of cure to meet various produc- 
tion and product requirements. 


For techn cal service, marketing counsel or morecor'- 
plete information on any PLASKON Molding Compou: 4 











Plaskon® 


PLASKON ALKYD 


For Critical Electrical Parts 








OUTSTANDING ELECTRICAL PROPERTIES 


PLASKON Alkyds resist arcing better than any other 
thermosetting plastic material. And the dielectric 
strength of molded alkyd parts is exceptional. Alkyd 
parts also show a low loss factor and high resistivities. 


EXCELLENT RESISTANCE AND DIMENSIONAL 
STABILITY 


PLASKON Alkyds offer unexcelled dimensional sta- 
bility due to their high degree of resistance to both 
moisture and heat. Alkyd parts will perform, without 
thermal degradation, at continuous exposures of 325 F. 
Once molded to specifications, no measurable after- 
shrinkage occurs. 


AUTOMATION 


Alkyds are suitable for use on high-speed automatic 
molding equipment...they mold four times faster 
than conventional thermosetting materials. Reinforced 
alkyds require only medium molding pressures and 
non-reinforced alkyds mold at very low pressures. All 
of these advantages add up to fast, economical pro- 
duction rates. 


HIGH STRENGTH OF REINFORCED ALKYDS 


The strength range of reinforced alkyds surpasses that 
of any other impact thermosetting molding compound. 
They are easier to handle and cure more rapidly. In 
addition, resin and fibers remain practically inseparabie 
during molding—even in thin-walled sections. 


N Allied Chemical Corporation, 40 Rector Street, New York 
‘Ganada, Ltd., Keating & Saulter Streets, Toronto 8, Ontario. 
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PLASKON 
POLYESTER RESINS 


Specialized Resins} 


Versatile polyesters offer freedom of design; unique 
color, translucency, and surface effects; outstanding 
electrical properties; and dependable service. Indi- 
vidual PLASKON Polyesters have special properties 
to meet the specific molding and product requirements 
of a great variety of applications. 


HIGH STRENGTH AND DURABLE LAMINATES 


The strength-to-weight ratio of glass fiber reinforced 
polyester laminates is from half to several times that 
of structural steel. The material has excellent ability 


to be formed to, and retain, precise dimensions. 
PLASKON Polyesters stand up well when in contact 
with nature’s elements, cannot rot or corrode, and 
will resist heat and common solvents. 


MOLDING ADVANTAGES 


Rigid, resilient, or flexible resins are available with 
special molding advantages — pre-acceleration, rapid 
and thorough impregnation, excellent mold release. 


LOW COST PREMIX 


Special PLASKON Polyesters developed for cost sav- 
ing premix operations permit rapid molding of parts 
with varying thicknesses, intricate contours, and 
molded-in inserts. This technique has proved its value 
for functional industrial applications — automotive 
heater housings, electrical parts, and ducts. 


STRONG, DURABLE FOAMS 


Rigid foams for thermal and acoustical insulation and 
buoyancy or flexible foams for vibration absorption — 
whatever your requirements, there is a PLASKON 
Resin to satisfy your needs by providing a durable 
urethane foam of proper density. 


For technical service, marketing counsel or more com 
...- contact: PLASTICS AND COAL CHEMICALS DIVISION, 
6, N. VY. HAnover 2-7300. In Canada: Allied Chemical C 
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UNRETOUCHED PHOTOS 


DRAMATIC 
PROOF } — 


of DAPON tesin’s 


outstanding stability »), Boe 


after 18 days 


under heat and humidity NS FB ence test 


MELAMINE “A” 


after 10 days 
under test 





As graphically shown here, Dapon Resin 

does not distort, degrade or discolor under 

long exposure to high heat and humidity. | 

This outstanding dimensional stability, POLYESTER “B” 


coupled with Dapon Resin’s high electrical 
properties and chemical stability even under 
extreme conditions, may provide the answer 
to your high-temperature high-humidity 
plastics stability problems. 


after 22 days 
under test 


Dapon Resin is easily compounded with a 
wide variety of mineral and fibr ous fillers TEST DATA: An equal number of test cups were molded 


and has extremely low molding and under normal conditions from commercial polyester, 


P P _ melamine and DAPON Resin. The cups were half filled 
post-mold shrinkage. And in addition, with tap water and placed in a laboratory oven at a 


. . constant 212°F temperature, the water being replaced 
Dapon Resin can be molded in a range of daily. The cups were examined at regular intervals 
soli q and removed from the oven when they had reached 

d and pastel colors the condition shown in the unretouched illustration. 


At your request, 
we will be glad to send you 


i Stable, free-flowing white powder e Easy to store, easy to mold, 
complete technical data Properties easy to color e Molded products have excellent surface finish @ 
on Dapon Resin of Good physical strength e Low moisture absorption ¢ Chemi- 
so that you can , cally resistant @ High-temperature and high-humidity resistance 
: Outstanding di ional and chemical stability e F lec- 
iiattes Gieen slaitte DAPON Resin e Outstanding dimensional and chemical stability ine elec 


trical properties even at high-temperature and high-humidity. 
as the answer to 


*“DAPON Resin is the registered trade name of Food Machinery and Chemical Corporation's brand 
your specific problems. of diallyl phthalate prepolymer. 


ee e¢#ne8deeesesgert# ¢ es 6 « en e268 F @ 68 6 & 8 & 2. 


Putting ldeas to Work 
FOOD MACHINERY AND CHEMICAL CORPORATION 


Chemicals and Plastics Division 
161 EAST 42ND STREET, NEW YORK 17, N.Y. 





WOLOCH has the SECRET... 


...for Expert 
Thermoplastic 
Compounding 


WOLOCH master technicians and know-how 
can solve your custom compounding problems to 


your most exacting specifications. 


We maintain complete facilities for highest quality thermo- 
plastic processing and we welcome the opportunity to match your 
samples. Special effects, unusual applications and color 

matching are our specialties. We also manufacture quality 
molding powders for alli applications in Polystyrene, 

Vinyls, Polyethylene and Nylon. Our large inven- 

tory of plastic raw materials assures you 


of prompt service. 


In addition, we maintain a complete 
scrap reclamation service noted for 


accomplishing the difficult. 


At WOLOCH, the most difficult problems are 


welcome and personal service is our byword. 


george 0 | 0 C 4 CO., INC. 


514 West 24th Street, New York 11, N. Y. * ORegon 5-2350 


OFFICES & WAREHOUSES: 


NEW YORK CITY, NEW YORK JERSEY CITY, NEW JERSEY AKRON, OHIO 
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Hieé World’s ] Largest Family of Plastics 
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MONSANTO MOLDING COMPOUNDS 


LUSTREX styrene plastic 


Monsanto Lustrex is one of the lightest and most widely used 
thermoplastic molding materials. It is hard, rigid, with high 
dimensional] stability, good chemical resistance, high dielec- 
tric strength, tasteless, odorless, and non-toxic. Lustrex can 
be molded to sharply defined detail and finish. 

Available in a broad range of transparent, translucent, and 
opaque colors, as well as crystal. Molding compounds for com- 
pression, and injection molding, and extrusion in all types of 
machines and molds. Extrusion formulations suitable for 
vacuum forming. 

There are special formulations in various flows and set-ups: 
for general purpose applications—the “Balanced Line” com- 
prising Lustrex Hi-Flow 55 (improved flow), Lustrex Hi- 
Flow 66 (long flow, moderate set-up), and Lustrex Hi-Flow 77 
(good flow, fast set-up); rubber modified formulations for 
applications requiring medium and high impact strengths— 
Lustrex Hi-Test 44 (medium impact, high degree of trans- 
lucency), Lustrex Hi-Test 88 (high impact) ; for applications 
requiring heat resistance—Lustrex Hi-Heat 99 (heat resist- 
ance up to 204°F.), Lustrex Hi-Test 89 (heat resistant, high 
impact); and for applications requiring fluorescent light 
stability, all general purpose formulations are available in 
Lustrex Permatone. 


APPLICATIONS: 


refrigerator parts 
toys 
packaging 
air conditioner cabinets 
radios 
housewares 
wall tile 
phonograph records 
television components 
displays 
electrical equipment 
furniture drawers 


lighting fixtures 





MONSANTO MOLDING COMPOUNDS 


otyelteylOr€ 


One of the newest of the thermoplastics, polyethylene is al- 
ready one of the most useful and versatile. Polyethylene mold- 
ed products made from Monsanto Polyethylene resins are 
tough, resilient, with high impact resistance. They are flexible 
over a wide temperature range, with extremely low dielectric 
constant and low power loss factor. They are chemically inert, 
non-toxic and odorless. 

Available in pelleted molding compounds for injection, com- 
pression or blow molding over a wide flow range 0.5-30 melt. 
index. Readily processed in a broad range of colors. 


APPLICATIONS: 


housewares 
toys 

packaging 
industrial parts 

“squeeze” bottles 
vials 

molded liners 


closures 





MONSANTO MOLDING COMPOUNDS 


OPALON vinyl chloride 


APPLICATIONS: 


appliance parts toys masks cord plugs 


goggles coil forms knobs 
grommets sporting goods handles housings 


swim accessories wiring devices electrical system 
components housewares phonograph records 


Opalon thermoplastic molding powders are supplied in granu- 
lar form and as dry, free-flowing dustless powders for injec- 
tion and compression molding. They have outstanding heat 
stability, moldability, short molding cycles, low shrinkage. 


MONSANTO LAMINATING MATERIALS 


SAFLEX vinyl butyral 


A continuous adhesive film in clear or colored, as well as 
gradated color, forming the plastic interlayer in laminated 
safety glass for automobiles. Also used in residential and 
industrial buildings, and for TV implosion plates. Can be 
printed in decorative patterns for use in shower stalls, room 
dividers, and table tops. 





MONSANTO FABRICATING MATERIALS 


POLYFLEX™ 100 


styrene film and sheeting 
made of Monsanto Lustrex 


APPLICATIONS: packaging printing 
metalizing decorative laminating 

overwrapping light diffusers 

protective laminates signs displays 


Polyflex 100 is a biaxially oriented styrene sheet made of 
Monsanto Lustrex for use in the manufacture of up-to-date, 
self-selling packaging, items for the home, decorative lami- 
nating and many other applications. Can be blanked, metal- 
ized, printed or folded and may be combined with many other 
materials. Available from stock in roll form in light gauges 
from .003” through .020” in 21” and 42” widths. Ranges from 
water clear to opaque with wide variety of color. 


POLYFLEX, T.M. Reg. U.S. Pat. Off. Plax Corp. Licensed to Monsanto 
Chemical Company 


VUEPAK cellulose acetate film 


APPLICATIONS: transparent windows 
wallet-envelopes fabricated parts filing tabs 
protective laminates transparent inserts 
diagrammatic drawings rigid containers 
displays canisters protective envelopes 


Vuepak is a crystal clear rigid film that can be formed into 
boxes and containers of outstanding beauty and sales appeal. 
Available in continuous, untrimmed and slit-to-size rolls up 
to 60” wide and up to 2000’ long, in thicknesses from .005” to 
020”. Also in stock size sheets. 

Vuepak is adaptable to many fabricating methods—shaping, 
drawing, folding, and scoring. It can be printed, embossed, 
stapled, or cemented. 





MONSANTO FABRICATING MATERIALS 


ULTRON vinyl film 


APPLICATIONS: 
moisture vapor barriers protective coverings 
wall coverings 
industrial tapes machine covers 
agricultural applications 


laminating materials for: 
sheet building materials 
flooring 
glass batt insulation 
metals 
paper 
fabrics 


Monsanto specializes in developing tailor-made formulations 
of Ultron vinyl film with “built-in” properties that are de- 
signed to meet the specific end-use requirements of a broad 
range of industrial and agricultural applications. Ultron film 
is also available in standard formulations. 

Ultron vinyl film comes in a wide choice of transparent and 
opaque colors, and in embossed patterns with various textures 
and appearance. In gauges up to .020”, widths up to 80”. 
Ultron film is noted for its uniformity of gauge—color clarity 

pliability. It is tough, long-lasting, resistant to mildew and 
will not fade or stain easily. Tasteless, odorless, non-toxic. 

Ultron vinyl film has exceptional adaptability to various 
manufacturing techniques. It can be heat sealed . . . cemented 

. molded ... laminated... printed . . . embossed. 


MONSANTO EXTRUDING AND 
CALENDERING MATERIALS 


LUSTREX styrene resins 


In pellets—natural or colored—Monsanto Lustrex Hi-Test 
88 high impact styrene may be extruded as sheeting and 
profile shapes. Sheets are vacuum formed for such applica- 
tions as refrigerator door liners, toys, games, etc. Profile 
shapes are used in such applications as lighting fixtures, 
refrigerator breaker strips, etc. 





MONSANTO EXTRUDING AND 
CALENDERING MATERIALS 


OPALON vinyl chloride resins 


Opalon 300, 300FM and 330FM resins are supplied for 
calendering and extrusion operations and are especially 
recommended for the dry blending process. They provide 
exceptional color depth, uniformity, toughness and flexibility 
at low temperatures. 

Special compounds supplied as granules or dry blend for 
wire and cable insulation, profile extrusion and molding are 
also available. Excellent for use in the manufacture of rain- 
wear, garden hose, upholstery, fabrics, etc. 

Opalon 506 and 306 copolymer resins are widely used in 
manufacturing floor tile, and Opalon 510 and 510.26 for 
phonograph records, where ease of processing make these 
resins particularly suitable. 

Opalon 410 is a specially developed paste resin for vinyl 
plastisol compounding. It is supplied as a “stir-in” powder 
and increases speed and ease of preparation. Widely used for 
fabric coating, slush moldings, dipping operations, foams and 
sponges. 





Monsanto 


resins 


APPLICATIONS: 

industrial packaging films 

high clarity film packaging 

vapor barrier material for construction 
wire and cable insulation 

extrusion coatings 


profile shapes 


In pellets—natural or black—Monsanto Polyethylene resin 
may be extruded as film and sheeting, wire and cable insulat- 
ing, piping, tubing, and profile shapes. Can be calendered 
into film and sheeting and laminated immediately or in sub- 
sequent operation. Non-slip and slip grade formulas available 
over broad melt index range. 





MONSANTO INDUSTRIAL RESINS 


for bonding 


RE S NOX phenolic 


tesinox phenolic resins are widely used as a coating or bond- 
ing material for Resinoid grinding wheels, clutch facings, 
brake linings, coolant and heat-resistant sand paper. Mechani- 
cal paper base separators for automotive batteries. Paper and 
felt base filters for oils and chemicals. Bonding material (with 
Resimene melamine resin) for glass and rock wool thermal 
and acoustical insulation and other industrial applications. 
Available in liquid and dry-powdered form. 


for foundry 


R ESINOX phenolic 


Resinox phenolic resins have been specially developed as hot 
and cold-coating resins for sand in production of shell molds 
and cores. They are non-dusting, free flowing, with rapid cure. 


LYTRON tes 


Synthetic resins used as thickening agents in powder form for 
foundry sand and wash water clarification systems. Lytron 
reduces clay balling, improves sand workability and pack- 
ability for better molds for metal castings. 


ith 
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for laminating 


R t S | M : N E melamine 


Resimene resins are colorless and color stable, hard, durable, 
and scratch-resistant, heat and flame-resistant, and chemical- 
resistant. Available in water-alcohol, soluble, spray-dry pow- 
ders, they form laminates with paper, cloth, glass and asbes- 
tos fibers that provide a beautiful durable surface for all types 
of furniture, counter tops, cabinets and walls in kitchens and 
bathrooms. Industrial melamine laminates have high electri- 
cal arc resistance and fire resistant properties. 


RE SIN OX phenolic 


Supplied in water or alcohol solutions for treating laminate 
filler materials— paper, cloth, wood veneers, glass, or asbestos 
fiber. Resinox laminating resins are tough and durable, resist 
acids and weak alkalis, display good heat resistance up to tem- 
peratures of 300-350° F. Used in manufacture of decorative 
core stock and electrical grade laminates for radio and TV 
and most home electrical appliances. Also in gears, ball-bear- 
ing races, pulleys, bushings, for light and heavy machinery, 
cars, planes and ships. 





ONSANTO TEXTILE RESINS 


Monsanto supplies a complete line of resins and catalysts for 
textile finishing and sizing. These provide shrinkage control 
and washability, lively hand, wrinkle resistance and durabil- 
ty, and improve finish of woolens, cottons, rayons, and other 
ynthetics. Monsanto catalysts speed resin cure so that full 
effect of resin treatment is obtained. 


ESLOOM melamine resins 


Series of essentially monomeric melamine resins—liquids or 
powders. Impart shrinkage control, wrinkle resistance and 
textural effects to cottons, rayons, synthetics and wools. 


} ESLOOM E-50 cyclic 


ethylene urea formaldehyde resin 


Supplied as 50% solids cyclic ethylene urea formaldehyde 
resin in liquid form. Permanent textured effects, dimensional 
stability, wrinkle resistance or “wash ’n’ wear” finishes to cot- 
tons, rayons and other synthetics. 


LY TRON resins cosines yystyren 


emulsions. Furnish durable finishes without curing or after 
treatment. 


S TY M E R FOSUNS sipmer L- vinyl resin 


soluble in ammonium hydroxide. Stymer S—styrene copolymer 
resin, soluble in water. Sizes for acetate filament yarns. 








CATALYSTS 


Four organic catalysts comprise the Monsanto series for.tex- 
tile applications. Provide rapid efficient cure of melamine 
and cyclic-urea resins to give rayons, cottons and synthetics 
full effect of resin treatment. 


ONSANTO PAPER AND COATING RESINS 


Monsanto supplies the paper industry with a line of resins 
that produce wet strength papers of all types; also resin sur- 
face-sizing for improved surface characteristics and excellent 
printability on various specialty papers and paper board. 


UPALON vinyl chloride 


of ' 

E te resins Opalon resins are used in coating cloth 
and paper. They provide tear strength, low temperature flex- 
ibility, and resistance to weathering, aging. 


“™) Monsanto 


yethey Care resins As wax reinforcement coat- 


ings, Monsanto Polyethylene resins give paper or board coat- 
ings a higher gloss, greater scuff resistance, stronger heat 
Seals, improved printability. 


SCRIPTITE resins 


Scriptite 33 is a melamine-type resin supplied as dry powder 
and Seriptite 40 is urea type supplied as transparent colloidal 
solution for creating highly improved wet strength paper. 
Scriptite 50, 52, and 54 are polyelectolyte resins supplied as 
dry powder, which dissolved in water, add improved surface 
characteristics and printability to paper products. 








MONSANTO ADHESIVES 


A comprehensive list of adhesives that include urea, mela- 
mine, phenolic, and resorcinol resins under the trade names 
of Lauxite and Resinox, and casein and soybean adhesives 
trade-named Lauxein. 

Lauxite and Resinox are recommended as cold-setting ad- 
hesives and glues for exterior and interior plywood, furni- 
ture. Also used in laminating wood-arches, beams, edge glu- 
ing of lumber and door assembly work. Special line for chip- 
board industries, granulated wood compression molding. 


LAUXITE urea and 


mh 
ii r 
| 


it la mine | gg eS | is Dry powders and liquids for hot 


and cold pressing, radio frequency equipment, weather- 
resistant, quick-setting, high gluing strength. 


RESINOX phenolic an & oem 


noi res 


nc 

1 SHS Dry powders and liquid for cold 
pressing, hot pressing, and granulated wood molding. Dur- 
able water-proof bonds. 


LAUXEIN casein a 


‘ul leall ache eS| VES Bonding and cold-setting 
pee ly for low temperature applications and water-resistant 
glue bonding. Also used in Monsanto’s NO-CLAMP Process for 
making plywood, doors, lamination work, and many types of 
wood gluing. For interior type plywood, laminated arches 
and beams, doors, furniture, cabinet-making, nail-pressure 
gluing. 


oe ee ae SNS 
highs 


MONSANTO INTERMEDIATES 


STYRENE MONOMER 


Liquid inhibited with TBC. For styrene molding compounds, 
synthetic rubber, copolymers, ion exchange resins, poly- 
esters; also styrene modified oils and alkyds for surface 
coatings. 


VINYL CHLORIDE 


Liquefied gas inhibited with phenol. For the manufacture of 
polyvinyl chloride resins, compounds, copolymers, and chem- 
ical intermediates. 


ACRYLONITRILE 


Liquid inhibited with Monsanto MQ inhibitor. Uses include 
production of synthetic textile fibers, nitrile synthetic rub- 
ber, copolymers, and chemical intermediates. 


FORMALDEHYDE 


37% aqueous solution inhibited with methanol. For prepara- 
tion of melamine and phenolic resins; preservative, disinfect- 
ant, and is a chemical intermediate. 





MONSANTO SURFACE COATING RESINS 


Monsanto supplies a large group of melamine, urea, phenolic, 
and styrene resins for paints, varnishes, and lacquers. Mon- 
santo also supplies latices for use in the production of interior 
and exterior paints, and thickening agents for latex paints 
and compounded rubber latex products. 


K F S | M F N E Melamine and urea-formaldehyde 


resins in organic liquid solution for baked enamel and indus- 
trial finishes. Impart improved soap resistance, surface hard- 
ness, faster cure, better gloss, weathering, alkali- and chalk- 
resistance, color retention to protective finishes for appli- 
ances, automobiles, and other fabricated metal items. 


. ES | N OX Phenolic liquid solutions for baked 


enamels and industrial finishes. Imparts high heat resistance, 
good chemical resistance for can, drum, and tankcar linings, 
special primers, chemical resistant coatings, wire coatings. 


LYTRO N Polyelectrolyte thickening agents in 


powder and solution form for latex paints and compounded 
rubber latices. Lytron alkali-soluble and water-soluble resins 
are used to stabilize, harden, thicken and promote adhesion in 
water and latex coating systems. 


LYT R 0 N Plasticized or unplasticized latices as 


main vehicles for latex paints and as modifiers in compound- 
ing rubber and other latices. 


Ask for Monsanto plastics by name: 


LUSTREx* 
styrene plastic 


™M 


RESINOX* 

phenolic 
RESIMENE* 

melamine 
VUEPAK* 

cellulose acetate 
OPALON* 

vinyl chloride 
POLYFLEX?{ 

styrene film & sheeting 


SAFLExX* 

vinyl butyral 
SCRIPTITE* 

paper finishes 
RESLOOM* 

textile finishes 
STYMER* 

sizes 
LAUXITE* 

adhesives 
LAUXEIN* 

adhesives 
ULTRON* 

vinyl film 


LYTRON* 


synthetic resins 


tReg. U.S. Pat. Off 
+POLYFLEX: Reg. U.S. Pat. Off. Plax Cory 
Licensed to Monsanto 








Chemical Company 





MONSANTO SALES OFFICES: 


100 Monsanto Avenue, Springfield 2, Mass. 

15 Park Avenue, New York 22, N. Y. 

18250 Grand River Ave., Detroit 23, Mich 

Lindbergh and Olive Street Road, St. Louis 24, Missouri 
MeGraw-Hill Blde., 520 N. Michigan Avenue, Chicago Ba Sil. 
1227 Hanna Bldgs, Cleveland 15, Ohio 

6670 East Flotilla Street, Los Angeles 22, Calif. 

-2710 Lafavette Street, Santa Clara, Calif. 

107 Foshay Tower, 821 Marquette Ave.. Minneapolis 2. Minn 
911 Western Avenue, Seattle, Wash. 

1117 Johnston Bldg., Charlotte, N.C 

Monsanto (Canada), Ltd., 425 St. Patrick St., Montreal, Quebec 


Monsanto (Canada), Ltd., 183 Front Street, EAST: Toronto, Ontario 


For more detailed information, property speeitcation 

and lechnical a pelarpice cope Oat oot Chee vastico priate “wt 
. . } , 

descerihed in fis hvrochure, write to Vu» piles C hia oa 


Company, Pla fie Divi on, Dept, ee 1. Springticld £ Va 
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Yes, InvintL 610 PVC, a general purpose high mo- 
lecular weight polymer, has truly superior heat 
stability. But this is only one of Irvinil 610’s out- 
standing compounding properties. Additionally, it 
offers you toughness, excellent light stability, ex- 
tremely low “fisheye” content and superb dry blend- 


ing properties. 


Needless to say, you know how important these 
qualities are in dry blend extrusion, calendering and 
injection molding. 


Remember, too, that Irvinil 610 makes processing 
easier and products better because of these other 
noteworthy unusual qualities: uniformity, excellent 
color retention, high bulk density, fine dielectric 
properties and inertness to water, dilute acids and 
alkalis. 


weight resin, Irvinil 620 was 

for calendering applications re- 

esin than Irvinil 610. All the fine 

qualities of Irvinil 610 also hold true for this resin. 


* * * 


As part of its overall services, Great American 
Plastics creates special resins and special compounds 
designed to meet individual needs. Send today for 
complete data on our Irvinil Resins and full informa- 
tion on our friendly technical services. GREAT 
AMERICAN Ptastics CoMPaNny, 650 Water Street, 
Fitchburg, Mass. 


GREAT AMERICAN PLASTICS COMPANY 
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Going Plastisols One. Better 


|) 


A specially formulated aL TD rsion of unlimited pote ytial, 

Produced in the world’s large st plant of its kind, 

chem-o-sol is the product of years of research and pionee ring et pe rience. 
For Your Copy of the Hew chem-o-sol brochure 

thre definitive work in thre field of plastisols mrite fo 

( ie mical Products Corporation, Lh pt. Es, Kast Provide HCE, i ¥. 
















SUPER 


DYLAN 


20) eeai. bata, | 


DYLAN 


POLYETHYLENE 





DYLENE piston. 


DYLENE polystyrene is a rigid thermoplastic readily formed by ordinary methods such as in- 
jection molding, extrusion, compression molding, vacuum forming, etc. 


Regular DYLENE Polystyrenes 


TYPE 2 Ease of molding makes it ideal for use with large and or small, 
intricate mold designs. 
TYPE 3 Fine molding characteristics make it good for general uses where 
moderate heat resistance is necessary. 
TYPE 4 Use where easy flow and fast setup are of critical importance. 
TVPE 7 Excellent general-purpose polystyrene with a typical heat dis- 
tortion temperature of 194°F.* 
TYPE 8 Typical heat distortion temperature of 201°F.* is combined with excellent electrical and 
mechanical properties. 





Medium impact DYLENE Polystyrenes 


TYPE 30 For appliance parts. Has easy molding characteristics and typical heat distortion temper- 
ature of 175°F.* 
TYPE 80 Has typical heat distortion temperature of 195°F.* 





High impact DYLENE Polystyrenes 


TYPE 200 Easy molding and impact resistance make it ideal for large parts such as refrigerator 
inner door liners, appliance housings, etc. 

TYPE 201 Especially designed for sheet extrusions where high luster without overlay is desired 

TYPE 800 Typical heat distortion temperature of 195°F.* and ready moldability are outstanding 
features of this polystyrene. 

“By ASTM method D648 


SOIZJER DYLAN “7% 


TENSILE STRENGTH. Pipe made from Super DyLaANn has three times the short-term burst 
strength of conventional lower density polyethylene. 1-inch IPS Schedule 80 pipe made 
of Super DyLAN has tested over 1,000 psi gauge pressure before bursting (at room 
temperature). A like pipe of conventional polyethylene burst at 350 psi. 


CHEMICAL RESISTANCE. Because SupER DYLAN is an ethylene polymer, it is not 
attacked by acids (including hydrofluoric acid which dissolves glass) or alkalies. 


HIGH TEMPERATURE TOUGHNESS. At 15 psi steam pressure in an autoclave, SUPER 
DYLAN samples displayed maximum observable dimensional reduction of only 4%, while 
conventional polyethylene became a shapeless mass. 


LOW TEMPERATURE TOUGHNESS. In comparative tests, SUPER DYLAN bars chilled to 
—100°F. remained intact when subjected to 32 foot-pound per inch of face blow in the 
Izod Impact test. Lower density polyethylene snapped. 


ENVIRONMENTAL CRACK RESISTANCE. Producers of blown bottles have found that 
SuPER DYLAN polyethylene of suitable type has demonstrated outstanding environmental 
crack resistance in the pressure of numerous cosmetics, pharmaceuticals and detergents. 
Similarly, Pipe* tests have also shown outstanding performance. 


APPEARANCE AND COLORING. Unlike most lower density polyethylenes, SUPER 
DYLAN products have a smooth, glossy appearance. SUPER DYLAN is transparent in very 
thin sections and has a milky-white, translucent appearance in thicker sections. These 
factors make a wide range of colors possible. 


EASE OF PROCESSING. In spite of toughness, improved heat resistance and rigidity, 
SuPER DyLAN is remarkably easy to process. In conventional molding machines it molds 
within the normal range of molding temperatures. It usually requires 50°F. higher 
cylinder temperature than lower density polyethylene and 30° to SO°F. less heat than 
many impact-type polystyrenes. 

MANY APPLICATIONS. Versatile SUPER DYLAN polyethylene can be used in the 
manufacture of toys, kitchenware, auto parts, pipes and fittings, bottles and carboys, 
packaging films, washing machine agitators, refrigerator parts, battery cases and many 


other prod ucts. “January, 1955 41-GP-5P Canadian Government Specification Board, Provisional 





for Pipe: Polyeth for Cold Water Service 


TYPICAL PHYSICAL PROPERTIES OF SUPER DYLAN POLYETHYLENE 


PROPERTY 


UNITS 


TEST METHOD 


RANGE 
OF VALUES** 





PHYSICAL AND MECHANICAL 
Density 
*Tensile StrengthT 


*Elongation in Tension 


*Stiffness Modulus (Ac’Specimen) 
*Impact Strength, Notched Izod 
Un-notched Izods 


*Hardness (Shore D Scale) 
Bulk Factor 


Percent 


Lbs. /Sq.in. 
Ft.Lbs./In. of Notch 
Ft.Lbs./In. of Face 


ASTM 792-50 

ASTM D412-51T (20”/Min.) 
ASTM 638-52T (2”/Min.) 
ASTM 638-52T (0.2” /Min.) 
ASTM D412-51T (20” /Min.) 
ASTM D638-52T (2” /Min.) 
ASTM D638-52T (0.2” /Min.) 
ASTM D747-50 

ASTM D256-47T 

At 21°C. (70°F.) 

At —73°C. (—100°F.) 
ASTM 676-49T 

ASTM D1182-54 


0.95-0.96 
3500-5500 
3000-4000 
2500-3500 
25-100 
100-400 
200-Over 700 
90,000-120,000 
1-3 
Over 32 
Over 32 
63-70 
1.8 





ELECTRICAL 
Dielectric Constant (80 Megacycles) 
Dissipation Factor (80 Megacycles) 
Dielectric Strength, Short Time 
Step-by-Step 


Volts per mil 
Volts per mil 


ASTM D150-47T 
ASTM D150-47T 
ASTM D149-55T 
ASTM D149-55T 


2.3-2.4 
Below 0.0005 

690-740 

670-700 





THERMAL 
Dimensional Stability 
*Brittleness Temperature 
*Deformation Under Load 


*Coefficient of Thermal Expansion 
*Mold Shrinkage (Injection) 





Percent 


Percent 


In./in./°C. 


In./In. 





10 Min. @ 250°F. (Steam) 
ASTM D746-52T 
ASTM D621-51 
Method-A 
2000 psi 24 hrs/122°F. 
Method-B 
100 psi 3 hrs/122°F. 
ASTM D696 
ASTM D955-51 





2-4 
Below —100°F. 


13-17 
0.1 


12.5x10-5 
0.02-0.04 





SUPER DYLAN MELT INDICIES AVAILABLE: 


Type 6002 | 


ag 
Nominal Melt Index 0.2 


0.4 


“Injection molded specimen 


1.5 


tSee Specifications 


| 6015 | 6030 
3.0 


| 6060 | 6090 | Type 7000 (N.S.F. Approved Biack 


6.0 9.0 


Resin for Potable Water Piping) 


**For uncolored, unfilled specimens. 









DV LITE ties 


it’s puffable—it’s practical—it’s versatile—it’s strong 





























DyLitE expandable polystyrene is proving itself as one of the most versatile foam 
plastics. New uses are constantly being discovered. Product performance has been 
demonstrated in uses for component parts of refrigerators, buoyancy applications, 
index packaging, structural panels for housing, pipe insulation, cold storage insu- 
lation, toys and display items. Although it’s light in weight, its resistance to impact 
is amazing. Insulation qualities are high while water absorption and vapor trans- 
mission are low. 


LIGHT YET STRONG. Once DyLiTE granules have been expanded in a mold, they 
form extremely light, yet strong, rigid molded shapes. 


IT FLOATS. Because Dy ite plastic floats, it is ideal for making floats, boats, 
toys and buoys. One cubic foot of DyLite at 2 lb. /cu. ft. density will easily support 
60 pounds in water. 


LOW THERMAL CONDUCTIVITY. At 2 Ib. /cu. ft. density, this foamed plastic has 
a K factor of 0.22 at 70°F. mean temperature. 


WATER ABSORPTION AND VAPOR TRANSMISSION—both low. Since DyLiTe 
expandable polystyrene has microscopic, individually closed cells, the water absorp- 
tion rate is low, in fact, less than 0.5% by volume at 2 Ib./cu. ft. density. Vapor 
transmission is only 0.5 to 1.0 grains/hr./sq. ft./inch of thickness/in. Hg. vapor 
pressure differential. 

EASY PROCESSING. DyLiTE expandable polystyrene beads can be molded in 
controllable densities, ranging from 2 to 10 Ib. per cu. ft., into nearly any shape 
or form. Subjected to heat, these beads will expand to fill the entire mold cavity. 





DYLITE expandable polystyrene planks are being installed on this new 300,000-gallon tank. Notice how tight and snug 
these planks fit. That's because DYLITE can be molded to exact specifications. Its low K factor, strength and ease of handling 
make it ideal as an insulating material. 


—- We SOTO Cs 





Here, DYLITE is used for end-pack packaging of a Yaw & Pitch Control Assembly for North American Aviation. DYLITE 
expandable polystyrene i d part p tion, and reduced packing time and shipping cost sub ially 

















DYLAN pix: 


DYLAN is soft and flexible, ideal for squeeze bottles, pipe, film and 
packaging where flexibility is important 

DYLAN 3500—lIdeal for sheet extrusion, bottle blowing and injec- 
tion molding. Melt index of 2.0 is typical. Density .917 


DYLAN 3555—Excellent for general-purpose slip film, blown film 
extrusion. Melt index of 2.0 is typical. Density .917 

DYLAN 3700—For general-purpose injection molding. Melt index 
of 2.5 is typical. Density .917 

DYLAN 3900— Rapid injection molding while retaining good strength 
properties. Melt index of 9 is typical. Density .917 

DYLAN 4200—FEasier flow injection molding. Melt index of 17 is 
typical. Density .915 

DYLAN 4400—Still easier flow. Melt index of 22 is typical. Density 
914 


PIPE POLYETHYLENES 


THE FOLLOWING three pipe grades of DYLAN polyethylenes have been 
tested and approved by the National Sanitary Foundation Testing 
Laboratory, School of Public Health, University of Michigan, for 
suitability for water supply—i.e. for potable water. 

DYLAN polyethylene 3000—Density of base resin .917. Melt index 
of 1.5 is typical—only carbon black added. 

DYLAN polyethylene 3016—Density of base resin .917. Melt index 
of 1.5 is typical—carbon black and antioxidant added. 

DYLAN polyethylene 3050—Density of base resin .926. Melt index 
of 1.2 is typical—carbon black and antioxidant added. 
DYLAN PROPERTIES CHART COMPARISON 


Typical = rents 
ypical Value 
— ot of DYLAN Pipe 


DYLAN Resins "lack Resins 


Property Unit Test Method 


Physical and Mechanical 


Density ASTM D1505-57T 920-.914 926-91 
Melt tadex l r ASTM D1238-52T 2.0-22.5 1.2-1.5 
Tensile Strengtt 
Ultimate ASTM 2-511 1250-195 500-200 
Tensile Yield Point 
(As defined in ASTM 
D638-56T Appendix) f ™ 12-5] 1206 2000 - 1 406 
Tensile Elongation 
Ultimate Perce 3TM l 50-60 650-406 
Modulus of Elasticity 
Tensior TM 063 t 0-13.00 6.006 
1 Img angtr l 7 )2 56 Does not Does not 
break break 
™ 5 16.000-13.000 »4 000-16 000 
nperature ( ™ \ 3 Below 3 


Bulk Fact 37M DI 5 ] 
jex of Refract 42 TM 0542-5 5 Black 
Electrical 
Dielect C Stant 
Power Fact 
Dielect Strength 
short Time (Specime 
150 in. thick) 
Arc Resistance 
Thermal 
eff 


Therr 


Fully detailed and illustrated technical folders are available on DyLAN, SUPER 
Dytan, Dytite, and Dytene plastic materials. They're yours for the asking. If 
yours is an unusual problem, our staff of technical men are ready to give their 
help tn solving your problems. A call, wire or letter to any of the Koppers sales 
offices listed at right will bring technical information or assistance right to 
your plant. Count on Koppers 


Printed in U.S.A 
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KOPPERS 
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KOPPERS 


COMPANY, INC, 
PLASTICS DIVISION 
PITTSBURGH 19, PENNSYLVANI: 


EASTERN DISTRICT SALES OFFICE 
430 Park Avenue 
New York 22, New York 
Plaza 5-2810 


PHILADELPHIA SALES OFFICE 
355-E Lancaster Avenue 
Haverford, Pennsylvania 


Greenwood 7-9516 


NEW ENGLAND DISTRICT SALES OFF 
250 Stuart Street 
Boston 16, Massachusetts 


Hancock 6-1700 


SOUTHERN DISTRICT SALES OFFICE 
1120 Healey Building 
Atlanta 3, Georgia 
Jackson 4-3844 


PITTSBURGH DISTRICT SALES OFFICE 
Koppers Building 
Pittsburgh 19, Pennsylvania 
Express 1-3300, Ext. 2282 


DETKOIT SALES OFFICE 
301 W. Eight Mile Road 
Detroit 3, Michigan 
Forest 6-5200 


MIDWESTERN DISTRICT SALES OFFICE 
122 S. Michigan Avenue 
Chicago 3, Illinois 
Webster 9-2400 


TWIN CITIES SALES OFFICE 
1000 North Hamline Ave 
St. Paul, Minn 
Midway 6-7801 


KANSAS CITY SALES OFFICE 
2023 Walnut Street 

P O. Box 51, Kansas City, Mo 
Baltimore 1-8085 


WESTERN DISTRICT SALES OFFICE 
3450 Wilshire Boulevard 
Los Angeles 5, California 
Dunkirk 8-0676 


SAN FRANCISCO SALES OFFICE 
55 New Montgomery Street 
San Francisco 5, California 


Douglass 2-3364 


CANADIAN SALES OFFICE 
Dominion Anilines and Chemicals, ltd 
265 Adelaide St. W., Toronto |, Ont 
oa ee oe a 





News about 


B.EGoodrich Chemical 


raw materials 


Hobby horse of 
Geon is rotationally 
cast in one piece 


GEON ... standard of excellence in polyvinyl materials 


Geon offers an excellent combination of properties. Geon comes in 
different forms, making it easy to use. And years of experience using 
Geon in the broadest possible variety of products have proved again 
and again its uniformity and reliability. 


Geon offers inertness or resistance to chemical attack, superior 
electrical properties, and adaptability of physical properties to meet 
a wide range of requirements. With proper selection of compounding 
ingredients, products can be made from Geon to resist most acids, 
alkalies, alcohols, oils and solvents, as well as to resist abrasion 
and weather. 


B. F.Goodrich Chemical Company’s experience with Geon dates 
back to 1939. As a result, the company’s Technical Laboratory can 
place at your disposal nearly 20 years of experience with this out- 
standing polyviny! material. It is uniquely 


equipped to help you apply Geon raw 
materials to produce dramatic new or im- ; 
proved products. 
B.F.Goodrich Chemical Company Geon ’ 
a division of The B.F.Goodrich Company Fey ye | 


a —~ 
ACC betaiW GEON polyvinyl materials - HYCAR American rubber and latex - GOOD-RITE chemicals and plasticizers - HARMON colors 
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EXTRUSIONS 


Geon polyvinyl materials are easy to extrude. 
The range of products is extremely wide—from 
tubing and hose to belting, trim, gasketing, tape, 
and ductwork. Geon is also extruded as a 


covering for other materials. 
Weatherstrip- 


ping extruded 

of rigid Geon 

seals out wea- 

ther, lets al. - ; ee : 

n he - tes cage Conduit of extruded Geon rigid vinyl solves corrosion 
windows slide : problems for utility installation. 

easily. , bs al 


GEOW, .. . versatile key to 


resins are free-flowing white powders generally requiring com- 


pounding with other ingredients to produce plastics. 


are resins compounded at our plants ready for extrusion 

fe} t-t-} alot 7 or molding. A large number of compounds in cubical 
form are available in a wide range of colors especially 
formulated and tested for specific uses. 


are water dispersions of polyvinyl! chloride polymers sup- 
latices plied as stable, milk-white liquids of approximately 50% 
total solids. They form clear, tough films or coatings and 
can be compounded to give opaque or colored deposits. 


are resins plasticized with Hycar® nitrile rubber, sup- 
plied in sheets similar in appearance to crude rubber. 
Nitrile rubber plasticizer provides the advantages of non- 
extractability for such applications as food packaging 
and cable jacketing. 


polyblends 





FOAM AND SPONGE 


To make vinyl sponge, a chemical blowing agent is incorporated into a 
plastisol and fusing is done under high pressure in a mold. The blowing agent 
decomposes under the heat to liberate a gas which expands the vinyl. 

Foam is made by dissolving an inert gas in a plastisol under relatively high 
pressure and releasing it through a spray nozzle into a mold or onto a casting 
surface. Fusion is then done by dielectric heat. Continuous production of 
vinyl foam is possible under this method (patents held by Elastomer Chemical 
Company and by Dennis Chemical Company). 


Donut-shaped part for automobile is rotationally cast, then filled with foam of Geon 
to provide resilience for sound and vibration damping. 


MOLDING 


No process better demonstrates Geon’s versatility than molding. 
High fidelity phonograph records are compression molded. 

Pipe fittings are injection molded. Slush- or low-pressure molding 
of Geon plastisols is used for dolls, toys, fish lures and gaskets. 


All parts of this plug valve, including wrench, are molded of Geon 
polyvinyl material, show complicated shapes possible. 


INSULATION made from 
Geon polyvinyl compounds and 
resins offer outstanding advan- 
tages: Excellent dielectric prop- 
erties and good resistance to 
abrasion, weathering, and heat; 
as well as non-flammability, low 
temperature flexibility, and 
extreme inertness to oil, chemi- 
cals and solvents. Geon will retain 
its properties over many years of 
severe use, indoors or out. 


Glass fibers are coated with Geon to produce flexible, rustproof, 
resilient screening that is easy to install. 


CALENDERING AND COATING 


Geon is used to coat a wide range of materials, for both decorative 
and functional coatings. Coating materials include Geon latices, 
preferred where thin coatings are desired without use of 

volatile solvents; Geon resins for plastisols and organosols, preferred 
for medium and heavy coatings; solvent-solution systems, most 
useful for thin coatings, particularly where high gloss or 
transparency are desired. Geon latices can also be used to make a 
continuous sheet of random or oriented fibers in making 

non-woven fabrics. 


Potato harvester has conveyor bars coated with vinyl foam of 
Geon to give perishables bruise-free treatment. 




























Other outstanding raw materials by B.F.Goodrich Chemical Company 


Hycar » Hycar man-made dry rubbers are uncompounded poly- 

rs that include the oil resistant nitrile types, a poly- 
acrylic for high Reesor use, and a brominated butyl! with exceptional 
characteristics of compatibility and cure. Compounding with vulcanizing 
agents, loading pigments and softeners is easily accomplished on conven- 
tional rubber equipment. Hycar rubbers are also supplied as water disper- 
sions or latices that reflect the properties of their dry rubber component. 
Generally, Hycar materials are resistant to oil, solvents, and abrasion, 
have low compression set, and good aging qualities. 


Good rite) Good-rite chemicals include antioxidants, hydrophilic 
iacaaal polymers, biochemicals, and chemical intermediates. 
They have an outstanding reputation for purity and dependability. 
Experimental samples and further information are available on request. 


Harmon colors are organic pigments which offer a com- 
plete range of colorants for automotive and other indus- 

trial enamels and lacquers, and for rubber, plastic, printing 

ink, paper, and textiles. 








CHEMICALS 


For information and technical assistance 


For specific information on uses and how they can be applied to help you 
improve your product or operation, send enclosed postcard or contact the 
nearest B.F.Goodrich Chemical Company sales office. 


HEADQUARTERS OFFICE: 
3136 Euclid Avenue, Cleveland 15, Ohio; UTah 11-8200 


SALES OFFICES: 


2116 Prudential Bidg. 301 Petroleum Bldg. 
Prudential Plaza 714 West Olympic Blvd. 
Chicago 1, Illinois Los Angeles 15, California 
SUperior 7-3214 Richmond 9-9157 

19th Floor 
1607 USMC Bidg. 415 Madison Avenue 
140 Federal Street New York 17, N. Y. 
Boston 10, Massachusetts TEmpleton 8-8600 


HAncock 6-1668 
International Sales Department 


409 Bank of Georgia Bldg. 3135 Euclid Avenue 

1430 W. Peachtree Street Cleveland 15, Ohio 

Atlanta 9, Georgia UTah 1-8200 

TRinity 5-5642 Cable Address: GOODCHEMCO 
251 King Street West 

1112-19th Street, N.W. Kitchener, Ontario 

Washington 6, D. C. Canada 

REpublic 7-3414 Sherwood 5-7351 


eee» bB.&EGoodrich Chemical Company 
a division of The B.F.Goodrich Company 











An independent 
processor devoted 
to service. 

All thermoplastic 
materials, 

any quantity. 
Custom Service 

at Reed Quality. 


for THERMOPLASTIC COMPOUNDS 


Polystyrenes 


General Purpose Polystyrenes 

Heat Resistant Polystyrenes 

Medium Impact Polystyrenes 

High Impact Polystyrenes 

Extra High Impact Polystyrenes 
Polymethylstyrenes 

Acrylonitrile Styrene Copolymers 
Methylstyrene Acrylonitrile Copolymers 


Polyolefins 


Polyethylenes 

Linear Polyethylenes 
Polyethylene Blends 
Polyethylene Copolymers 
Polypropylenes 


Cellulosics 


Cellulose Acetate 
Cellulose Acetate Butyrate 
Cellulose Propionate 


Acrylics 
General Purpose 
High Impact Acrylics 
Nylons 
Vinyls 


Special Compounds 
Flame retardant compounds 
Ultra-violet stable compounds 


Reed Plastics C. 


116 GOLD STREET @® WORCESTER, MASS. 


Plastics 
Corporation 


COLOR CONCENTRATES 
Polystyrenes 


Polyethylenes 
Linear Polyethylenes 
Polypropylenes 


for SERVICE 
Overnight service 
Samples 
Production 
Color Matches 


Special Effects 
Pearlescents 
Fluorescents 
Phosphorescents 
Metallics 


Thermoplastic Reprocessing 
Grinding 
Sorting 
Sawing 
Reclaiming 
Recoloring 


Industries Serviced 


Automotive 
Closure 
Electronics 
Housewares 
Jewelry 
Packaging 
Radio 
Refrigeration 
Television 
Toy 

Wall Tile 


261 





INDUSTRIAL 


SC 
y 
"sum 


POTTERY 
PLASTERS 


K-56 


K-62 


SOLD THROUGH 


BESTWALL CERTAIN-TEED 
SALES CORPORATION 


120 East Lancaster Avenue 


Ardmore, Pa. 
S EXPORT DEPARTMENT: 


PLAST© 


For general mold work in potteries as jigger 
molds, casting molds, and in mold and model 
work. Also used for casting art objects such as 
plaques, statues, novelties, etc. 


100 East 42nd St., New York 17, N.Y. 


CUSTOM MADE PLASTERS 


Whatever your requirements, Bestwall and 
its distributors are ready to work closely 
with you, and to recommend the specific 
industrial plaster that will improve your 
product or raise your plant efficiency. 
Write or call General Office, Ardmore, Pa. 





This plaster is especially treated during manufacture to give it 
unusual surface hardness in the set state, providing long mold 
life at lower production costs. Compressive strength at pouring 
consistency (dry cast): 2300 psi. 





An extra fine ground pottery plaster designed to 
give the best possible results in mold wear. 
A premium product. 


Treated for shock resistance. Powder is white but gives light blue 
color in slurry and cast. Produces the most durable, strongest 
cast of any pottery plaster. Compressive strength at pouring 
consistency (dry cast): 3200 psi minimum. 





SUNFLOWER 
MOLDING 
PLASTER 


Sunflower Molding is used for shop cast orna- 
mental work, statuary, plaques, novelties, terra 
cotta and Portland cement molds. 


Made from high purity rock with lower water requirements 
than regular gypsum plasters, giving strong casts at pouring 
consistency. 





INDUSTRIAL 
DENSITE 

K-6 

(High Expansion) 


For casts that demand extremely high strength 
and low water absorption. Perfectly suited for 
use with mold materials such as wood, plaster, 
rubber, clay, metal. 


As a conditioner for ordinary plasters to obtain 
intermediate strength. 


The strongest and hardest pure gypsum plaster available. At 
pouring consistency, the tensile and compressive strengths and 
surface hardness of the dry casts are about five times those 
made of ordinary plaster. Compressive strength at pouring 
consistency (dry cast): 9000-10,000 psi. 





LOW 
EXPANSION 
DENSITES 


K-12 


For case and block molds, patterns and models 
where great strength, hardness and wear resist- 
ance are desirable in a low-expansion material. 


This is the strongest, hardest low-expansion plaster available 
today. Its amazingly low expansion—.03 to .04°%—makes it ideal 
where accurate dimensions must be maintained. It has a normal 
period of fluidity and plasticity. 


May be mixed with ordinary plasters of intermediate strength 
and expansion. Compressive strength at pouring consistency 
(dry cast): 6000 to 7000 psi. 





For detailed case molds, patterns and models or 
wherever an extremely fine grind low-expansion 
plaster is indicated. 


Where extreme sharpness of intricate detail combined with 
unusual surface smoothness is desired, this fine grind version 
of Densite K-12 is now available. This is the finest grind 
low-expansion plaster obtainable today. Excellent for produc- 
tion of superior case molds. 





For all types of patterns and molds where 
dimensional stability, high strength and low heat 
generation are important such as splash casts 
over wood models. 


A Densite formula of a low setting expansion .04-.05%, high 
strength up to 10,000 Ibs./sq. in. and low heat generation. 
Dimensionally stable. 





For pattern and model work where plaster has 
to be rodded to a contour or where shell casts 
are taken from a master mock-up. 


A Densite formula made plastic so that it is easily built up 
on curved and vertical surfaces. Low setting expansion and 
high strength. 





BREAKAWAY 
PLASTER 


Usable for expendable mandrels that can be 
readily broken up and removed. 


A special gypsum plaster of high water carrying capacity and 
relatively low strength. Set casts will disintegrate and can be 
removed with hot water or steam. 





CERTROCK 





For case molds. Its high fluidity reproduces the 
finest details, assuring extremely smooth, non- 
porous surfaces on finished molds. 





A high purity gypsum plaster with over twice the tensile and 
compressive strength of standard plasters, resulting in little 
breakage. Compressive strength at pouring consistency (dry 
cast): 4500 psi. 


(Note: This plaster cannot be built up or carved.) 
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MICCROSOL 


the finest 
in 
Vinyl Plastisols 


@ WE SPECIALIZE... 
and in the areas where we 


specialize -WE’RE TOPS 


DIP — — SPRAY 


If you’re interested in coating your 
product with the outstanding plastisol 
in the industry . . . let our sales engi- 
neers work with you. 


Our new laboratory building, 
under construction 


MICHIGAN CHROME 
and CHEMICAL CO. 





8615 GRINNELL AVE., DETROIT 13, MICHIGAN 


MOLDING 
COMPOUNDS 


High impact strength 

Low specific gravity 
PROVIDE Excellent chemical resistance 

Superior electrical properties 

Dimensional stability 

Smooth surface finish 


Complex part design 
PERMIT Use of metal inserts 
Unrestricted use of colors 


Fibercore Molding Compounds are high im- 
pact fiber-glass reinforced polyester molding 
materials. They are available in Standard 
Chemical, Electrical, and Flame Resistant- 
Electrical grades and all colors. They can 
also be specially formulated to meet specific 
application requirements. 


Brochure and technical data reports 
available upon request. Write to: 


- PLUMB. 


CHEMICAL CORPORATION 
4837 JAMES STREET - PHILADELPHIA 37, PA. 


275 














rote Tol al Mia mial— 


PROFIT SQUEEZE? 





lower your production costs 


by using Mi GEHLST | EIN 


reprocessed plastics 


Muehlstein has an answer to the cost-profit squeeze — top 
quality reprocessed plastics! You can make big savings in M 
material costs and still turn out a better product by using Muehlstein 
Reprocessed Plastics. And when Muehlstein technicians go to 
work on your production problems you're assured of material 
perfectly suited to your particular requirements. 


M. MUOEHLST | EIN £00. 60 EAST 42nd STREET, NEW YORK 17, N. Y. 


REGIONAL OFFICES: Akron - Chicago - Boston + tLosAngeles - London ° Torontey 
PLANTS AND WAREHOUSES: Akron + Chicago + Boston + Los Angeles + Jersey City * Indianapolis i 
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oK MARLEX 1s a reavem 


bend it! 
bounce it! 














ENVIRONMENTAL STRESS CRACKING 
HOURS TO 50% FAILURE 


IN IGEPAL AT 50°C 


MELT INDEX 


IMPACT STRENGTH 
VY. X Ve INCH BAR, 


FT-LBS/INCH NOTCH 


MELT INDEX 


TEMPERATURE 
DEGREES BELOW 


ZERO FAHRENHEIT 


CLAMP TIME MELT INDEX 
SECONDS 


50 


INJECTION MOLDING 


TYPE MINIMUM CLAMP TIME 
VS. MELT INDEX 


11” SALAD BOWL 


TYPE 





effect of melt index on environmental stress cracking * MARLEX polyethylene 


3 50 


1.0 . 2.0 3.0 4.0 5.0. 6.0 8.0 10.0 


effect of melt index on impact strength * MARLEX polyethylene 


bob 
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0.5 1.0 1.5 2.0 3.0 4.0 5.0 6.0 8.0 10.0 


effect of melt index on brittleness temperature * MARLEX polyethylene 


3.0 4.0 5.0 6.0 8.0 10.0 





These injection molding tests were conducted to produce parts of maxi- 
mum toughness and surface gloss. 


Molding the higher flow materials permitted reducing temperatures with 
corresponding reduction in cooling time in the mold. 


Minimum clamp time is not plotted for type 2 Marlex because this type 
material is not generally recommended for injection moldings of this 
size. 


Although this clamp time curve reflects an important feature of the various 
types of Marlex resin, other equipment and molds would be expected to 
yield somewhat different results. 


MELT INDEX 


INVESTIGATE MARLEX 


TYPE 2 | TYPE $ | TYPE 15 | TYPE 35 | TYPE 50 





THESE 3 
properties 
change 
considerably 






































CHARACTERISTICS OF EACH TYPE 

















MARLEX an achievement in plastics... 


PHILLIPS CHEMICAL COMPANY, BARTLESVILLE, OKLAHOMA 
A Subsidiary of Phillips Petroleum Company 


puastics { NEW ENGLAND NEW YORK AKRON CHICAGO WESTERN SOUTHERN 
SALES 322 Waterman Avenue, 80 Broadway, Suite 4300 318 Water Street, 111 S. York Street, 317 WN. Lake Ave., 6010 Sherry Lane, 
OFFICES } East Providence 14, R. | New York 5, N.Y Akron 8, Ohio Elmhurst, til. Pasadena, Calif. Dallas, Texas 

GEneva 4-7600 Dighy 4-3480 FRanklin 6-4126 TErrace 4-6600 RYan 1-0557 EMerson 8-1358 








WHEN CATALOGING YOUR 
POLYESTER AND EPOXY NEEDS 


CHECK RCI 


for resins tailored to your requirements 


PLASTIC TOOLING — POLY- 
TOOL plastic tooling systems 
and EPOTUF epoxy resins. 

At left—a light weight, 
low-cost plastic stretch die 
with excellent dimensional 
stability made with RCI 
POLYTOOL. 


MOLDING & LAMINATING — 
POLYLITE polyester resins 
and EPOTUF epoxy resins. 
Illustrated at left is a du- 
rable yet attractive portable 


ENCAPSULATING— POLYLITE 
polyester resins and EPOTUF 
epoxy resins. 

Electrical apparatus en- 
cased in EPOTUF resins is 
protected from insulation 
breakdown and assured of a 
long, trouble-free life. 


SURFACE COATINGS — POLY- 
LITE polyester resins and 
EPOTUF epoxy resins. 
EPOTUF resins produce 
superior protective coatings 


freezer display unit for food 
stores fabricated with PoLy- 
LITE resins and fibrous glass. 


for interiors of metal con- 
tainers and pipe used to 
carry corrosive chemicals. 


POLYURETHANE FOAM PRODUCTION - Rigid foam formu- 
lations based on POLYLITE polyester resins. 

In addition to heat and sound insulation a major appli- 
cation for this light weight, structurally stable material is 
its use as a “flotation medium” in boats like the one shown 
here, many of which also boast reinforced polyester hulls. 


For complete information on how RCI polyester and 
epoxy resins can best serve your individual needs, 
clip and mail coupon. 


[| Polyurethane Foam Production 


Please send me full technical information on the use of 
- 4 ee a oO LD RCI Polyester and/or Epoxy resins for the application 
indicated above. 
Synthetic Resins e Chemical Colors ¢ Industrial Adhesives ¢ Phenol 
Hydrochloric Acid ¢ Formaldehyde « Glycerine « Phthalic Anhydride 
Maleic Anhydride « Sebacic Acid  Ortho-Phenylphenol ¢ Sodium Sulfite Name 
Pentaerythritol ¢ Pentachlorophenol ¢ Sodium Pentachlorophenate 
Sulfuric Acid ¢ Methanol 
REICHHOLD CHEMICALS, INC., saa lam . 
RCI BUILDING, WHITE PLAINS, N.Y. mig mis (title) 











Creative Chemistry ... Your Partner in Progress of the company indicated on this letterhead. 





What puts More Profit in these products? 


Greater sales appeal at lower cost . . . thanks to 
Allied Chemical’s A-C Polyethylene. 


Added to an injection molder’s mix, A-C Poly- 
ethylene gives products glossier finish, brilliant col- 
or, better color dispersion. Production cycles are 
faster, production costs are lower. Usually no addi- 
tional equipment is needed. 


A-C Polyethylene in waxes imparts toughness 
and reduces slip. In paints and inks it increases mar 


and scuff resistance, makes color brighter. In dairy 
cartons and food wrappers it makes for superior 
coatings and finishes. The rubber industry uses this 
new polymer to reduce shrinkage and tack and for 
better mold release. 


Perhaps A-C Polyethylene can improve your 
product. Get more information on this versatile 
resin and its applications from Semet-Solvay Petro- 
chemical Division, Dept. MPE-500, 40 Recto 
Street, New York 6, N. Y. 
















olyethylene Means Greater Profit! 


\s 
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cin : 
MOLECULAR WEIGHT AC Polyethylene 
: on 











HOW do you get 
faster operations? 


With A-C Polyethylene, faster operations are a 
certainty. Your equipment can be operated at 
lower pressures and at increased speeds. Melt 
index is always under perfect control. No release 
problems even with mirror-finish molds or other 
time-consuming difficulties with A-C Polyethy]- 
ene! It all adds up to a faster, more profitable 
operation. 


FOR FASTER CYCLES 


HOW can you cut down 
on grades in inventory? 


Don’t tie up your money! A few virgin resin 
grades do the work of a wide selection of melt 
indices. A switch to A-C Polyethylene gives 
you, at your command, a “tailor-made” resin to 
fit a particular end part. A simple change of low 
molecular weight percentages in the dry blend- 
ing step will give you a wide control of charac- 
teristics. Let us demonstrate with a trial run. 

















for INJECTION MOLDING 


Molders who use A-C Polyethylene in their opera- 
tion gain distinct competitive advantages. Con- 
trolled gloss, better color dispersion, and the ability 
to run larger, more intricate parts and the filling of 
multi-cavity molds are the definite product advan- 
tages. Faster cycle, positive mold release, lower 
operating temperature and less overall machine 
maintenance, are the profit-making features con- 
tributed by the controlled flow possible with A-C 
Polyethylene. 


for SLUSH MOLDING AND 
CENTRIFUGAL CASTING 

A-C Polyethylene offers an entirely new material 
for slush molding. With this new polymer you can 
use less expensive molds; you get faithful mold re- 
production with fine detail; and the finished part 
has a warm, “life-like” feel. Finishes from dull to 
high gloss are possible. Finished products can be 
decorated to any specifications. 


SEMET-SOLVAY PETROCHEMICAL DIVISION 
Dept. MPE-5SO0O, 40 Rector Street 


New York 6, N. Y. 








National Distribution « Warehousing in Principal Cities 






for FILMS, PLAIN AND COLORED 
In the extrusion of polyethylene film, adding A-C 
Polyethylene can give faster rates at lower extru- 
sion temperatures and make gauge control easier. 

For colored film, A-C Polyethylene is invaluable 
for even, streakless pigment dispersion. Colored 
films using A-C Polyethylene dispersed color pig- 
ments are strikingly brilliant and uniform. 


for PLASTIC COATINGS 
Coatings containing A-C Polyethylene give a hard, 
scuff-resistant, glossy surface. Excellent low tem- 
perature flexibility and the elimination of blocking 
problems are added attractions to the converter. 

Bread and frozen food wraps are glossy and 
scuff-resistant. 

Shipping cartons are grease resistant and need 
no liner to protect contents from fibre scratchings. 

Butter and frozen food cartons, and bakery car- 
tons are grease resistant and feed as single units to 
automatic packaging machinery. 
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GREX IS PEOPLE 
As well as high density polyethylene 


Any modern industrial product is the result of intensified effort 
on the part of hundreds of people working together toward a 
common goal . . . the creation of profitable markets. 

Such is the case with GREX high density polyethylene. 

From the time of the decision to produce this new material, Grace 
has spared no cost or effort to obtain a high quality product. 
With this beginning, engineered by extremely well-qualified men, 
GREX has taken shape. Other men, working in polymer 

research and product and application development, give still 
wider meaning to the word GREX. 

To bring GREX .. . with its many advantages... 

into diversified markets, still more men accumulate and translate 
market data. Others, in the form of technical representatives, 
travel the continental United States and other parts 

of the world demonstrating the advantages of this new product. 
In other areas, people are working on designs for new 

products, advertising, test marketing at the retail level, and 
planning the merchandising of products made of GREX. 
Warehousing and traffic require trained personnel as do the 
important functions of financing and credit. 

In brief, that’s what we mean when we say GREX is people 

as well as high density polyethylene. Like all other divisions 

of W. R. Grace & Co., the personnel of the Polymer Chemicals 
Division were chosen to continue the reputation for high 
quality that has been built up in over a century of experience 
in business and industry. That’s why we can proudly say 


‘‘You buy more than a product when you buy from Grace”’ 


w.r.GRACE «co.' 


POLYMER CHEMICALS DIVISION 
225 Allwood Road, Clifton, New Jersey—GRegory 2-6000 
3555 W. Peterson Avenue, Chicago 45, Ill.—IRving 8-7036 


2530 Spurgon Street, Santa Ana, California—KI 2-2126 








- quality 
- service 
- dependability 
- savings 
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a4 i VIRGIN MOLDING COMPOUNDS—Viny!, Polyethylene, Acetate, Polystyrene 
| ets Impact Styrene 
j hs —"COLOR COMPOUNDING SPECIALISTS”—Your orders formulated to exact 
ore color, flow and physical properties specifications 
ae ¢ REPROCESSED MOLDING COMPOUNDS—Polyethylene, Vinyl, Polystyrene, Ace- 
* tate, Nylon, Acrylics, Impact Styrene, Butyrate 
| ° —"CUT COSTS WITHOUT SACRIFICIYG QUALITY”—Supplied in uniform, dust 
at: free pellets... perfectly matched from first bag to last 
x 
P Fe. “ ¢ RIGID QUALITY CONTROL » COMPETITIVELY PRICED » SPEEDY DELIVERY—no 


} £ matter how large your order! Write Us About Your Specific Needs Today! 


GERING 


Molding Compounds 





Gering Products, Inc., Kenilworth, N.J.- Sales Offices: 5143 Diversey Ave.. Chicago 39. Ill. - 424 Chevy Chase Rd » Mansfield. Ot 103 Holde t Holde Via ' 
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America’s First Family of Thermoplastics 


Si«e 





FRIGERATOR INNER LINER ALE MODEL CAR ELECTRIC CAN OPENER HOUSING 





KLE 8 RAP! EVELOPING TANK RIGID FOOD CONTAINER 
Dow technology has kept abreast of new developments in the veloped, making possible many applications for the first tin 
design and manufacture of molded plastic parts by developing And every Styron formulation has been proved in the field 
a wide range of versatile polystyrene formulations. There are under actual use conditions. For jobs demanding low moistu 
new general purpose Styron materials with improved flow and absorption, high dimensional stability, transparent or opaq 
extrusion characteristics, while the regular impact grades con- color, easy moldability . . . look first to Styron. It’s the most 
tinue to be the standard of the industry. Special high impact complete line of polystyrenes in the industry. Styron can | 
formulations with greater heat resistance have also been de- extruded, vacuum formed, calendered and injection molde 
5? ‘ sh g d flexural strength resistance t< cracking and shattering nm 


yf ? ? e, wide choice of granulations, unlimited color range complete range 





America’s First Family of Thermoplastics 





a complete range of densities 
offers many new property combinations 








CAR UTILITY BASKET 4 x SPRINKLING AN 








MOISTURE-VAPOR BARRIER » ' A 

Dow polyethylene is now available in a wide range of densities plant basis and will soon be available in commercial quantities 

wlich make possible an almost infinite variety of property com- Continuing research in this intriguing polyethylene family is 
binations. And, its complete uniformity means more profitable gaining momentum and has already contributed to the develop- 

ssing, fewer rejects and greater economy in quality output. ment of new and better products. For more information on the 

' In iddition to well known low and intermediate density ma- most complete line of injection molding and extrusion poly- 
te: ils, linear or high density polyethylenes are being thoroughly ethylene formulations in the industry, call on the Dow repre- 

rched and evaluated. They are being produced on a pilot sentative in your area, or write direct to Dow. 
characteristics: Uniformity witt x sllent oroce at y : ecula 


constant feed clarity high finis x< , stress ack far re 








America’s First Family of Thermoplastics 
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PVC RESINS 


polyvinyl! chloride 





Uniformity, cleanliness, and ease of fabrication! These are the three outstanding features 
of Dow PVC Resins. Four specific resins provide the wide range of properties required 
in special and general purpose formulating. Faster absorption of polymeric plasticizers 
and shorter blending cycles are two more profit-making advantages available to you. 
Research continues to develop new and better resins to meet your fabricating require- 
ments. Dow draws on resources and polymerization experience, dating back to the 


infancy of the thermoplastics business, to develop PVC Resins that will be your answer 
for topping competition. 


General characteristics: superior cleanliness, greater plasticizer absorption, wide 
choice of plasticizers possible, free flowing in dry blend processing, shorter blend- 
ing cycles, faster extrusion rates, highest uniformity. 











RESIDENTIAL AWNINGS 





America’s First Family of Thermoplastics 
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ETHOCEL 
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aa 5 One of the toughest and most versatile 
of the Dow thermoplastics 


Ethocel, the finest thermoplastic molding material available, offers such important 
characteristics as overall toughness, excellent dimensional stability and chemical resist- 
ance, and high impact strength over a wide range (—40°F. to plus 200°F.). Ethocel 
will take extreme shocks, too. A variety of formulations is available to answer your 
specific requirements. The extremely good molding characteristics of Ethocel make 
large, single-unit moldings practical and economical. See Dow for more information. 


General characteristics: Toughness, withstands impact over wide temperature 
range, odor free, dimensional stability, resistance to many chemicals, wide color 
range, light weight, self-lubricating. 


FLASHLIGHT CASE 


For applications where resistance to moisture and chemicals is important, Saran 
has a combination of properties that makes it the first choice of many users of 
plastics. Combining toughness, flexibility and durability with a resistance to the 
abrasive and corrosive action of most chemicals, Saran meets the service require 
ments for many applications better than any other plastic material. Saran is an 
excellent food protector, a superior lining for pipe carrying corrosive liquids 
and a superb fiber for outdoor furniture, awning and seat cover fabrics. Yet this 
is only the beginning of a long list of applications where Saran, the most inert 
of all thermoplastics, has proved itself. Let us tell you more. 
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fy 
ore. 
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Proved balance of 
physical properties 


MMERCIAL JUICER HO 


ryril, a recent addition to the Dow family of thermoplastics, 
has already proved its worth in ipplications ranging from 
camera components to blender bowls. Tyril is a rigid thermo 
plastic with exceptionally high strength and toughness. Resist 
ance to crazing due to its high critical elongation means long 
life for molded parts. Tyril has improved dimensional stability 


which mikes it ¢ specially useful for molding close fitting work 


ing parts Its chemical resistance to acids, bases, salts, oils, 
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CAMERA COMPONENTS 


waxes, soaps, food stains, and many solvents including gasoli 
and kerosene, is truly remarkable, proving its worth in produ 
which may be exposed to these materials. Tyril resists heat, | 
a high gloss surface and is available in a wide range of colo 


In addition to having these excellent physical properties, Ty 
is easy and economical to mold making it ideal for many vari 
applications. 
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PELASPAN 


New foaming-in-place beads for unique 
new applications 


MOLDED DECORATIVE ITEMS TR Tus 


PLANTER BOX LINER REFRIGERATOR ORAIN TRAY 


market for cellular materials has grown rapidly in the past knitting together to form unicellular, rigid plastic foam. Pela- 
vears. And as it has grown, so has the need for a good de- span is an extremely versatile material and opens the door to 
lable foaming-in-place material. To answer this need Dow many new and hitherto impractical foam applications. It can be 
loped Pelaspan, an expandable polystyrene. Pelaspan is bonded to metals, to itself and to other porous and nonporous 
in the form of a small bead and each bead contains its own materials. A coloring agent may also be added which will pro- 
nding agent. To use this material, it is confined in a mold duce colors in light, pastel shades. For the complete story on 
heated. The beads then expand to the limits of the mold, this unique new expandable polystyrene, Pelaspan, write to Dow. 
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Low therme!l c 


no odor 
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Seven different products and dozens of special formulations to 
meet both general and specific applications! No matter what 
product you manufacture, if it calls for a thermoplastics material, 
inquire first about “proved in use” Dow thermoplastics. As the 
industry leader in the development and refinement of thermo- 
plastics materials, Dow contributes extensively to technological 
development. 


In addition, Dow offers many services which speed deliveries 
and minimize inventories while our nation-wide sales force con- 
stantly provides up-to-the-minute information on Dow materials 
and services essential to your products. Inventories of stock at 
major warehouses save shipping time. Eighteen Dow sales offices 
provide rapid processing and servicing of orders through a 13,000 
mile nation-wide teletype system interconnecting manufacturing 
plants, warehouses, and sales offices. 


And technical service laboratories are maintained in Michigan, 
Texas, California and Connecticut to help customers solve pro- 
duction problems and assist in new product development work. 
For more information on any member of “America’s First Family 
of Thermoplastics”, contact us direct. Or, write or phone your 
nearest Dow sales office. 


THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 


YOU CAN DEPEND ON 





Have you put FIBERITE to work yet? 


— THESE eg i BRING NEW QUALITY TO PRODUCTS 
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High dielectric 
strength 


Corrosion 


= resistance yan 


Heavy duty service 


developed to fit today’s 
product requirements 


Let us show you how award winning 

Fiberite will work for you. Fiberite re- 

inforced phenolics and melamines give 

you many advantages, a few are illus- 

trated here. Numerous formulations 

combining properties essential to spec- pot 
ific needs are available right now. We 

are also constantly developing new 
formulations to meet unusual applica- 
tions of these highly versatile molding 
materials. 

Maybe you're looking for ways to 
improve an existing product? Or plan- 
ning a new product? By all means 
you'll want to study the many advan- 
tages of reinforced phenolics and mela- 
mines. Let us show you how various 
Fiberite formulations are working in 
so many applications . . . in industry 

. in commercial .. . in homes. . . in 
military. You solve problems and re- 
duce costs when Fiberite works for you. 

Why not contact your nearest Fiber- 
ite engineering office listed below. Tell 
us your problem, your product, your 
plan. Put Fiberite to work for you! 
Write Dept. MPE. 


High impact 
strength 


sane to 


high temperature 


EASTERN OFFICE WESTERN OFFICE: 
Edwin Keusch, 33 Ockland Riverdale Plastics, 8510 
Ave., Bloomfield, N. J., Pl Warner Drive, Culver City 


Rainbow color 
8-1233 Colif., TE. 0-7733 


selection 


CHICAGO OFFICE: 
Railway Exchange Building, 
Michigan Ave. at Jackson 
Bivd., HA. 7-1164 


CANADA: 

The Bakelite Co, 

40 St. Cloir Ave. E., 
Toronto 7, Ontario 


THE Fi BERITE CORPORATION Gm 


Manufacturers of Plastic Molding Compounds 
Main Office: WINONA, MINNESOTA Phone 2316 








Important Facts 
About the $12 Billion 


ackaging Mark 


PRACTICALLY ALL PRODUCTS are pack- 
aged. It's almost easier to count the 
industries that don’t package than those 
which do. That's why the packaging 

includes the 


make 
products of all kinds that are pack- 


market is horizon-al 


thousands of companies that 


for shipment or sale. 


aged 

Packaging is in fact so integral a 
part of business as a whole that it ex- 
pands as business expands. In 1954, ae- 
cording to the ©. S. Department of 
Commerce, the value of materials, sup- 
plies and services used in packaging 
the nation’s output stood somewhere be- 
tween 12 and 15 billion dollars. And 
as the national output of goods in- 
creases each year, so does the demand 
equipment 


for packaging. packaging 


ind related supplies. 


What the Market Uses . . . and Buys 


The range of America’s products are 
is wide as our ingenuity. And the vari- 
ety of containers Is equally broad. De- 
pending on the nature of the prod- 
uct. its package can be a bag, barrel, 
bottle, box, can, carton, chest, crate. 
capsule, drum, envelope, jar, tube, vial 
or wrapper. 

Often a package will be a composite 
of several of these forms and will use 
materials: adhesives, 
fabric, film, foil, 


tape, and wax. 


many 
cork, 
wood, paper, plastics, 

lo make these containers—and fill 
takes bag bottling 


coatings. 


glass, ink, 


a 


them machines, 


equipment, box machines, capping 
equipment, cartoners, conveyors, coun- 
ters, die-cutters, filling machines, la- 
belers, printing presses, scales, slitters, 


staplers, stitchers, unscramblers and 
vibrators. And they may also require 
-uch additional services as embossing. 
fabricating. laminating. plastic mold- 
ing, and contract packaging. 


All of 


supplies, 


these containers, materials. 


services and machines are 
part and parcel of “packaging.” They're 
the factors that give the market its 


tremendous scope 
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A Big Market for Plastics 


In just the last few years plastics have 
come to play an increasingly important 
role as basic packaging materials—and 
usually at the expense of older “tradi- 
tional” materials like paper, glass, and 
metals. The fact is that plastics can be 
used in the manufacture of almost every 
basic container form: box, bag. bottle. 
drum, jar, vial, collapsible tube, over- 
wrap. Just as importantly, plastics have 
made possible new techniques in pack- 
aging that were hitherto impossible of 
achievement. Blister packs, squeeze con- 
tainers, water-soluble unit packages . . . 
these are just a few examples. 

Right now, the invasion of the packag- 
ing market by alert plastics manufac- 
turers is well under way. Material mak- 
ers, molders, extruders, fabricators, 
thermoformers and plastics converting 
equipment makers are investing heavily 
in sales and advertising efforts aimed at 
establishing solid beachheads in the 
packaging field. 


Who Does the Buying 


The factors that control package se- 
lection are as complex as business it- 
self. They include production, quality 
control, shipping. display. advertising, 
sales, promotion ... and, often, outside 
packaging consultants. The purchase 
and specifications of packaging mate- 
rials usually cuts across many depart- 
ments of a company. 

Because the buying influences are so 
diverse, it is difheult for salesmen to 
reach them all. Most suppliers, there- 
heavily on 


fore, rely advertising to 


carry a good share of their selling lead. 


How Modern Packaging Fits In 


MoperN PacKAcIne is the oldest and 
largest magazine serving the packag- 
ing field. Prior to its founding in Sep- 


tember, 1927, the concept of packaging 


MODERN PACKAGING 


CL... 


as a common function of many indus- 
tries was not generally recognized, nor 
was it realized that these industries 
have common packaging objectives, 
techniques. problems and procurement 
needs. 

MoperNn PacKAcGiné changed all that, 
It gave the users of packaging every- 
where a single reliable forum where 
mutual problems might be solved and 
where new packaging materials, meth- 
ods and services could be publicized. 
As a result it gave packaging suppliers 
a single medium through which they 
could reach the various buying influ- 
ences in the many industries that pack- 
age the great bulk of the nation’s goods. 


Editorial Content 


The editorial purpose of MopERN Pack- 
AGING is to keep packagers informed of 
all the 
methods, materials and equipment of 


significant advances in_ the 
the art. Editorial feature space is de- 
voted to carefully researched original 
articles. About 90°7 is staff written, 
10°. contributed by authorities in the 
field. Through the use of analyses, il- 
lustrations, case histories and “how-to- 
do-it” articles, the editors point out 


and interpret packaging trends. 


Advertising Acceptance 


Year after year, more advertisers in- 
vest more money in more space in 
Mopern PacKacine than in all other 
packaging publications combined. And. 
last year, they set new all-time highs in 


both space and dollar volume! 


Get More Facts 

To learn more about the sales poten- 
tials in the packaging field for the 
products you make, just write to Adver- 
tising Manager, Mopern PAcKacine. 
Avenue, New York 22. 


575 Madison 
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“MATERIALS, MACHINERY, METHODS FOR THE PLASTICS INDUSTRY 








OM NI... the International 
Plastics Organization 


OMNI PRODUCTS CORPORATION - 460 Fourth Avenue, New York 16, N.Y. 








From colorful and durable 
panels for delivery trucks 
to handsome television cabinets... 





Pittsburgh 
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pr engene- products benefit from 
the combination of beauty and 
durability Pittsburgh SELECTRON 
Polyester Resins can give—and usu- 
ally at reduced manufacturing costs. 
SELECTRON Resins are used in 
products ranging from truck s 
that withstand extreme hot and cold, 
rain, snow, and sleet to television 
cabinets that serve as focal points of 
beauty in homes everywhere. 
SELECTRON Resins are thermo-set- 
ting polyesters which are available in 
consistency from a thin syrup to ex- 
tremely high viscosity. They poly- 
merize to form solids, with or without 
heat and with or without pressure. 


When combined with such fillers 
as fiber glass, cotton, ra nylon, 
felt, sisal, paper, etc., SELECTRON 
Resins provide a new kind of material 
that is lighter than aluminum, yet— 


weight for weight—is stronger than 
steel, This material has great impact 
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tana | 2 ok we 


IN CANADA: CANADIAN PITTSBURGH INDUSTRIES LIMITED 


» POLYESTER RESINS 


oe ee 


Now Ready 


For A 
Thousand 
New Uses! 





Just a few products in which 
Pittsburgh SELECTRON Resins 
are now used— 


Aircraft structural parts 
Radomes for electronic equipment 
Life floats 
Ballistic panels 
Helmets 
Boat hulls 
Machinery housing and guards 
Trays 
Tote boxes 
Food lockers 
Garbage pails 
Baskets for automatic dishwashers 
Baskets for automatic washers 
Wash tubs 
Tool chests 
Shipping containers 
Instrument cases 
Laundry hampers 
Kitchen containers 
Fishing rods 
Sinks 
Street signs 
Traffic signs 
Fluorescent light fixtures 
Television cabinets 
Loudspeaker housings 
Gas meter housings 
Structural panels for 
offices and homes 
Door and transom lights 
Awnings and canopies 
Greenhouse panels 
Skylighting 
Molded chairs 
Prefabricated houses and garages 
Truck bodies 























Get Helpful literature... free! 


INJECTION MACHINES. 6-page folder de- 
scribes construction and operational fea- 
tures of a 12-16 oz. capacity press having 
either a 14 or 20 in. stroke. Includes 
diagram of die plates and nozzle arrange- 
ments. Lashed Governor Corp. 


SANDWICH ADHESIVE. 4-page looseleaf in- 
sert describes multiple production ad- 
vantages of a structural sandwich adhe- 
sive with built-in filleting action. It also 
lists technical data, and fully describes 
rocess for sandwich and metal-to-metal 
fooding. Physical properties are discussed. 
Narmco Resins & Coatings Co. 


FOAMING AGENT. Handy file folder gives 
details on features and properties of a 
non-discoloring, uon-staining, nitrogen- 
releasing chemical blowing agent havin 
special value for forming both closed cell 
and open cell polyvinyl chloride. Full in- 
formation is presented as to composition, 
appearance, density, solubility, stability, 
static sensitivity, and effects of tempera- 
ture, contaminants and light. E. I. duPont 
de Nemours & Co., Inc. 


PLASTIC CLAD FINISHES. 4-page illustrated 
booklet discusses dip-fusion process of 
cladding metal stampings, castings, wire 
products, etc., with plastics. Includes per- 
formance pate Prsereh chart. Nat'l Poly- 
mer Prod., Inc. 


All the booklets described here— 
plus hundreds and hundreds of 
others—are yours for the asking, 
entirely without cost or obliga- 
tion. 


Just turn to the Manufacturers’ 
Literature Section (immediately 
preceding the Buyers’ Direc- 
tory), circle the numbers you 
want, fill in the reply post card, 


and mail. No postage is needed. 


A service of 


MODERN PLASTICS 
Encyclopedia Issue 


A BRESKIN PUBLICATION 
575 Madison Ave., New York 22, N.Y. 








LIQUID POLYMER. 18-page booklet dis- 
cusses “LP-3”, a liquid polysulfide poly- 
mer that can be converted in place to a 
rubber. For tting and casting com- 

unds, in odie esives and coatings, and 

r epoxy and phenolic resin modification. 
feats, specifications, formulae, tables 
and graphs included. Thiokol Chemical 
Corp. 


HEATSEALING FIBER. Illustrated 4-page bro- 
chure discusses “Fluorglas”, a Teflon- 
coated fiber glass insulating material that 
enables wires, cables, coils, etc., to with- 
stand breaking, bending, and vibrations. 
Includes specifications. Dodge Fibers 
Corp. 


PRINTING POLYETHYLENE FILM. Illustrated 
bulletin describes principles of operation 
of an electronic device that mounts on 
extruders to treat polyethylene film of any 
gauge in widths up to 66 in. to prepare 
it for printing. Aetna Electronic Corp. 


INDUSTRIAL AND DECORATIVE LAMINATES. 
Catalog describes physical and chemical 
properties, gives specifications and dimen- 
sions of line of stock thermosetting, lam- 
inated sheets, rods and tubes manufac- 
tured from various combinations of papers 
and cloths bonded with phenolic, mela- 
mine or silicone resins. Mica Insulator 
Company. 
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MOLDING 
COMPOUND 


Announcing a new thermosetting, general- 
purpose, molding compound, possessing excellent 
strength, finish and moldability. Furnished in var- 
ious degrees of flow and cure, it is designed for 
straight compression, transfer or plunger molding. 


The unique modified phenolic-type resin, 
from which these molding compounds are pro- 
duced, can also be supplied separately. Derived 
from bagasse, an agricultural by-product, it offers 
economies to compound manufacturers as a sub- 


stitute for their present binder. 


Valite 


REG. U.S. PAT. OFF. 


INDUSTRIAL 
RESINS 





Thermoplastic Resins 


VINYL COMPOUNDS 
STYRENE COMPOUNDS 
RUBBER REINFORCERS 

PLASTIC COATINGS 
Thermosetting Resins 


SHELL MOLDINGS 





Don't sell that scrap! 


Those piles of thermoplastic scrap can easily be con- 
verted into high quality materials by our reprocessing 
methods. Just ship them to ERIE PLASTICS. We’re 
set up to handle every step in every reclaiming op- 
eration. We will clean and pelletize your scrap and 
return it to you as good as new. And we can change 
the color of scrap, too. 


We reclaim 
polystyrene 
acetate 
butyrate 
polyethylene 
e nylon 
e vinyl 


for Next time you have scrap of any of these thermo- 


for 


LAMINATES 


plastics, get in touch with ERIE and find out how 
inexpensive it will be to convert this overage into 
re-usable material. 


Erie Plastics Company, Inc. 











VALITE DIVISION, VALENTINE SUGARS, INC. 


727 Whitney Bldg. 


1115-1131 Walnut St. Erie, Penna. 





New Orleans 12, La. 








Serving the plastics industry in the manufacture of high grade phenolic molding compounds, industrial resins and coating resins. 
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Here’s further evidence of the way Plenco engi- 
neers have responded to the needs of manu- 
facturers and designers. Special needs, in these 
instances, demanding special answers. . . 

For, although the basic properties of thermo- 
setting phenolic molding compounds were re- 
quired, the standard categories available were 
not ideally suited. Consultation with Plenco 
was a natural first step. The custom-design and 
production of special-purpose compounds by 
Plenco was the result. Here are just a few: 


e Ahighthermo-conductive molding compound where- 
in a specific thermo-conductive coefficient was needed 
to satisfy design requirements for the proper function 
of an electrical control device. 


e A high impact strength compound possessing high 
heat resistance plus a specific coefficient of friction. 


e A special compound capable of reproducing ex- 


... and the answer 


special purpose, custom produced molding comp 


tremely fine definition with low molding pressures for 
the production of printing matrixes. 


e@ Service as a special backing for diamond abrasive 
cutting wheels was the chief requirement of another 
problem-solving new compound. 


e For the production of electrical components ex- 
tremely sensitive to chlorides, a compound meeting (by 
means of water extraction tests) a maximum chloride 
content of not more than 3/10 parts per million. 


These compounds are, of course, not stock 
items. They have been developed to serve spe- 
cialized industries and to perform under partic- 
ular conditions. They demonstrate once again 
that if phenolics can do it, Plenco can provide it 
... already made or specially made. We invite 
you to discuss your product or production 
problem with us. 


PLASTICS ENGINEERING COMPANY 


Sheboygan, Wisconsin 































-.- THE FIRST NAME IN PLASTICS 
POLYOLEFIN MOLDING COMPOUNDS 





FORTIFLEX A extend to sterilization temperatures, characterize it as a new 


HIGH-DENSITY, LINEAR POLYOLEFIN end Gievent plants. 
Fortiflex A is available for injection, extrusion and blow 


High-density linear polyolefin plastic, produced by a low- molding—in four formulations that provide a flow range wide 

temperature, low-pressure method. Fortiflex A is a rigid, enough for most applications. Both natural and colored mate- 

tough thermoplastic with high temperature resistance. Its rial are available. 

permeability to vapor and most gases is extremely low. The applications for Fortiflex A include: housewares and 
Fortiflex A can be molded relatively easily into parts hav- appliances, electrical and automotive parts, textile filaments, 


ing a lustrous finish and good chemical resistance. Its greatly packaging materials, bottles and containers, toys, transpor- 
increased rigidity and high temperature resistance, which tation equipment and protective helmets. —Celonese® Fortifiex® 





Typical physical and chemical properties 





Properties of Fortiflex A Related to Melt Index Chemical Resistance of Fortiflex A 


FORTIFLEX RESINS CHEMICAL VALUE* 
PHYSICAL PROPERTIES ASTM METHOD UNITS A-20 A-70 A-250 A-500 ACIDS 
“Melt Index . . , . . 01296527 — 0.2 O07 42.5 5.0 | Acetic Acid, ong fae + + 6 @ 2 tee ~ 
Heat Distortion Temp. (6 psi) - . D6se45T °F. 185 185 180 180 | Oleic Acid . . Treee st eee 
Brittleness Temp. . ea °F. —200 —180 —160 —100 , . 4. 5 v's 5 3b eee ae 
Impact Strength, ited | o « « « O66 ft. Ib./in. 23 18 13 3 Nile Acid 70% 2. 2 2 2 2 ew ew ew ew ew ew OD 
notch BASES q 
Environmental Stress Cracking. . . Bell Labs Hr. 190 30 6 3 Sodium Hydroxide 50%. . . . . .. +... O00 
Test F-50 Ammonium Hydroxide 28%. . . ..... + «OO 
at 50°C. SOLVENTS | 

Tensile Strength, Max., 0.2 in./min. D-638-52T _ psi. 3700 3600 3500 3300 | Acetone . . i or ae 
Elongation, First Tensile Yield Point D-638-52T % 25 25 25 25 Carbon Tetrachloride oe eee a Se ee 
Ethanel . . Se eT ae ee 
Properties of Fortiflex A Not Effected by Melt Index ES er a ae ee ee a 
PHYSICAL PROPERTIES ASTM METHOD UNITS vay «| Mem MCetne. ee ee 

Density . . SE g/ce. 0.96 MISCELLANEOUS 
Refractive Index > ear ee ee ee oe i 1.54 Water. © 6 6 ee ee ee ee ee ee (00 
Hees. GeO « « w+ oe Ee) ee 65 Gasoline . . p> 2 6.« Kees <8 ae 
Stiffmess . . Set ne psi. 150,000 Lubricating Oil . a. a a oe ae a ee ee ae 0.6 
Water Absorption”! ose s «6 Ce & 0 6 4, eee < 0.01 Brake Fluid . . - + 02 


*% increase in wt. after 30 days | immersion ‘at 80°F. 


Flammability. oe « « OOO... .. i/o 1.0 
| Mold Shrinkage, length”! pty hea in./in. 0.04 to 0.06 7 
width . in./in. 0.02 to 0.04 


















































THERMAL PROPERTIES ASTM METHOD UNITS VALUE 
Softening Temp... — °F. 260 
Suggested Highest Use Temp. is ha "- 225 
Linear Coefficient of —_— ear in./in./°C. 1.3 x 10% 
Thermal Conductivity . . es cal./sec./°C./em. 12.4 x 10“ 
: ELECTRICAL PROPERTIES Footnotes: 
Dielectric Strength (short _ . » D-149-55T . . . . volts/mil 500 . ” ” 
- (1) Impact Values were determined on Ye” by 2 
ielectric Constant . . . —~ oe) +. } fe monet al 7 injection molded bars 
ssipation Factor. . . . . . . D-150-54T . . . . I kilocycle/sec. 0.0002 (2) Water Absorption values were determined on 
1 megacycle/sec. 0.0003 Ye" thick specimens after 24 hours immersion 
oe Callers s « este & ee CR 6 3 ee Pee 0.0005 at room temperature. 
1 megacycle/sec. 0.0007 (3) Mold ta depends on part dimensions ¥ 
Gas Permeability of Fortiflex A and moldi Values shown were 
SAS UNITS VALUE* obtained on “an ASTM tensile bor. 
4 —_ / (4) Adopted from Method of Karrer, Davis and 
bo! é ignite ed x ./ sec. ‘ . er a ES P ‘ 
j omen Blenide (ce. x em./sec. x em. x em. Hg) x 10 O.2t Dieterich, Ind. Eng. Chem. Anal. Ed., 2, 96 (1930). 
VO te ee ab ab. ca O48 + =e 
2 asl s + « « 007 (5) Highest used temperature depends on part de- 
na. ae ee ee oc e « Oe sign, molding and service conditions. 
hone. ° se. oe 
atural Gas (ca 99% Methane) . 5 .. Ye eee 
resins Co's . < > le 
eeamiinedn on 3 mil ae tubi be thod of Baubaker and K meyer, 
Ind. Eng. Chem. 45, own bing 
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-.+ THE FIRST NAME IN PLASTICS 
CELLULOSIC MOLDING COMPOUNDS 


ACETATE CELLULOSE ACETATE 


Acetate is the most widely used cellulosic plastic. Economical 
and versatile, its usefulness extends over a wide range of con- 
sumer products. 

In toughness, acetate cannot be matched by any other plas- 
tic in its price bracket. It molds with excellent surface finish 
and has satisfactory dimensional stability for many applica- 
tions. Dielectric properties are excellent. 

Acetate is free of objectionable odor, has excellent molda- 
bility with non-critical molding temperatures. It is free-flowing, 
minimizes the problem of weld lines, and is recommended for 
applications incorporating metal inserts. 

Acetate is produced in a number of formulations including 
flame resistant—in a broad range of flows. It is offered in a 
practically limitless range of transparent, translucent and 
opaque colors, as well as crystal clear, for such application 
as toys, shoe heels, appliance housings, toilet seats, jewelry, 
tool handles, sun glasses, brush backs. 


FORTICEL CELLULOSE PROPIONATE 


Forticel is distinctive among the thermoplastics for its bal- 
anced properties. Similar in appearance to cellulose acetate 
and butyrate, it is superior to acetate for dimensional stability 
and equal to butyrate. It is free of objectionable odor. 

Forticel is exceptional for the lustre of its molded surface, 
which is obtainable on a fast cycle— probably the fastest of 
all cellulosics. Exceptionally free flowing, Forticel has extra- 
ordinary welding properties, lends itself to restricted gating 
and complicated mold layouts. It is produced in 4 formula 
series —in a number of flows. 

Forticei is offered in range of translucent and opaque colors. 
It can be molded over a wide temperature range. Forticel 
applications include: pens, telephone housings, automotive 
parts, optical frames, business machine keys, vacuum cleaner 


attachments, handles, small equipment housings. 
Celanese® Fortice!® 


CELLULOSE 


PROPERTY 


Specific Gravity 


Flow Temperature 
Tensile Strength 


Elongation 


Flexural Strength 
Hardness (Rockwell) 


Impact Strength (Izod) 


Heat Distortion Temp. 

Deformation Under Load 

Water Absorption 

Flammability 

Bulk Factor 

Mold Shrinkage 

Index of Refraction 

Luminous Transmittance 

Hoze 

Coefficient of Linear 
Thermal Expansion 

Thermal Conductivity 


Specific Heat 

Dielectric Strength 
Volume Resistivity 
Dielectric Constant 


Dissipation 
Factor 


2 


% 


psi 
R scale 


ft Ib /in notch 


°C 
J 
% 


% 
% 
in /in [°C 


cal /sq cm/sec/°C /em 


cal /gm 
volts/mil 
ohm-cm 


ASTM METHOD 


0792-50 
0569-48 
D638-52T 

(0.2 in. per min.) 
D638-52T 

(0.2 in. per min.) 
D790-49T 
0785-51 


0256-54T 

(73°F., Ye" thick) 
(-40°F., Ye" thick) 
D648-45T (264 psi) 
0621-51 (2000 psi) 
D570-54T ( Ye" thick) 
0635-44 
0392-38 


D542-50 (n25) 
0791-54 
D672 (Ye" thick) 
D696-44 


C177-45T 


D149-55T (Ye thick) 
D257-54T 
D150-54T (60cps) 
(103cps) 
(10Seps) 
D150-54T (103cps) 
(10%eps) 


ACETATE 


1.27-1.31 
115-185 
1300-6700 


16-52 


2300-11700 
40 to 120 


1.9-8.3 


0.3-0.5 
44-78 
5-40 
2.1-4.2 
0.5-2.0 
2.0-2.6 
.003-.007 
1.46-1.49 
75-95 
3-15 
8-16x10-5 


4-8x10-4 


0.3-0.4 
345-365 
1010.1013 
3.5-4.5 
5.2 

4.5 
0.01-0.06 
0.01-0.10 


CHEMICAL RESISTANCE (ASTM-D543-52T) 


FORTICEL 


1,16-1.24 
145-183 
1900-5900 


48-63 
3300-10700 
-15 to 106 
1.2-11.0 


12-16x10-5 
4-8x10-4 


0.3-0.4 
370-425 
1012.1015 


3.6-3.9 
3.0-3.5 
0.006-0.01 
0.2-0.3 


EFFECT 
CELLULOSE ACETATE FORTICEL 


EFFECT 
CELLULOSE ACETATE FORTICEL 


Swollen-blush Swollen 
Ethy! Alcohol Swoilen-blush SI swollen 
Acetone Dissolved Dissolved 
Ethyl Acetate (85-88%) Dissolved Dissolved 
Ethylene Dichloride Dissolved Dissolved 
Carbon Tetrachloride No change or swollen Swollen 
SI surface attack Toluene No change or swollen Swollen 
No change Gasoline (White) No change No change 
SI surface attack Miscellaneous Water No change No change 
No change 10% Sodium Chloride No change No change 
3% Hydrogen Peroxide No change No change 


Acids 30% Sulfuric 
3% Sulfuric 
10% Nitric 
5% Acetic 
10% Hydrochloric 
Oleic 


Solvents 95 
No change 50 
Surface attacked 
No change 
No change 
No change 


Partially Decomposed No change 
No change 
Decomposed 
No change 
Decomposed 
No change 
Alkalies 10% Sodium Hydroxide Decomposed 

1% Sodium Hydroxide Swollen 

10% Ammonium Hydroxide Decomposed 

2% Sodium Carbonate No change 


Ethyl Alcohol 


CELANESE CORPORATION OF AMERICA, PLASTICS DIVISION, 744 BROAD STREET, NEWARK, N. J. 


Export Sales: Amcel Co., Inc., and Pan Amcel Co., Inc., 180 Madison Avenue, New York 16, N. Y. 





xport Sales: Amcel Co., Inc., and Pan Amcel Co., Inc., 180 Madison Avenue, New York 16, N.Y. 


--- THE FIRST NAME IN PLASTICS 


POLYESTER RESINS 


Celanese polyester resins are thermosetting liquids in a 
range of viscosities which can be cured in the presence of 
peroxide catalysts to stable, infusible solids at moderate to 
no pressure, and at low temperature. Accelerators make it 
possible to cure these resins at room temperature. 

Celanese polyesters are 100% reactive, and are not de- 
pendent upon release of solvent or other volatile by-products 
for solidification. When suitable reinforcing materials are 
used in conjunction with the resins, laminates having out- 
standing strength characteristics result. 

These resins are available in a number of formulations 
which can be blended to obtain specific physical properties 


in finished products. Tack-free cures at ordinary atmospheric 
temperatures are obtainable. The cured resins exhibit excel- 
lent resistance to moisture, heat, weathering, and most chem- 
icals. Thixotropic resins for-hand lay-up fabrication, preac- 
celerated resins, premix formulations, and formulations for 
fast cycle matched die molding are available in addition to 
those listed below. 

The applications for Celanese polyester resins include: 
boats, auto and truck bodies, corrugated and flat sheeting, 
housings, tanks and tank linings, swimming pools, lami- 
nates, castings, coatings, and electronic components. 


Celanese® 


Physical and Chemical Properties 


Laminates Reinforced with 12 plies #181-136 Glass Cloth, According to MIL-R-7575 (USAF) Specifications 


PROPERTIES AT STANDARD CONDITIONS 


GEN. PURPOSE 
MR-28C 


GEN. PURPOSE 
MR-28R 


CHLORINATED 
MR-33C 


LOW EXOTHERM 


MR-31C 





Flexural, Flatwise, Ultimate Strength, psi 

Flexural Tangent Proportional Limit, psi 

Flexural Initial Modulus of Elasticity, psi 

Ultimate Tensile Strength, psi 

Ultimate Compressive Strength Edgewise, psi 

Water Absorption, 24 hours, percent weight change 
Rockwell M. Hardness 


Barcol Hardness 


Barcol Hardness of Unfilled Casting (25° C) 


Specific Gravity 


Resin Content Percent 
Viscosity (25° C), Brookfield Viscometer, cp 


61,300 
51,600 
2.83x10° 
47,000 
37,300 
+0.1 
103 
67.5 
50-55 
1.88 
35.3 
650 


67,400 
32,500 
2.72x10° 
47,100 
37,900 
+0.05 
114.2 
67.0 
50-53 
1.84 
37.0 
7,000-10,000 


53,800 
41,040 
2.66x10° 
40,600 
36,400 
+0.1 
108.4 
65.4 
47-51 
1.85 
43.5 
1,500 


60,800 
55,500 
2.67 x 10° 
47,100 
36,500 
+0.1 
111 
65.8 
50-55 
1.81 
38.8 
650 





Tested Wet After Immersion in Water for 30 Days 


Flexural, Flatwise, Ultimate Strength, psi 54,825 
Flexural Initial Modulus of Elasticity, psi 2.75x10° 2.52x10° 2.56x10° 
Ultimate Tensile Strength, psi 43,100 
Ultimate Compressive Strength Edgewise, psi 38,000 


58,800 51,050 47,900 
44,100 38,200 44,450 
31,200 33,900 33,200 





Tested at 160° F After Exposure to 160° F for 2 hour 


Flexural, Flatwise, Ultimate Strength, psi 41,950 
Flexural Initial Modulus of Elasticity 2.55x10° 2.88x10° 2.58x10° 


41,700 56,400 32,900 





PVAc RESIN EMULSIONS 


Celanese polyvinyl acetate emulsions are milk white liquids 
with viscosities ranging from water-thin to extremely vis- 
ous. They are characterized by small particle size, excellent 


film strength and clarity. Available as homopolymers and 
copolymers, Celanese PVAc emulsions are presently being 
used in water-based paints for both interior and exterior, 
gloss paints, adhesives, and textile coatings and finishes. 
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--- THE FIRST NAME IN PLASTICS 
CELLULOSE ACETATE SHEETING AND FILM 


Celanese acetate sheeting and film are thermoplastic mate- 
rials which are versatile and economical. They are available 
in a wide range of widths, lengths, thicknesses and formula- 
tions in transparent, translucent and opaque colors, as well 
as crystal clear. 

Acetate film, one of the most widely used film materials, is 
outstanding for its non-cockling, flatness, water- and grease- 
resistance, moisture-vapor and gas permeability, dimensional 
stability and non-aging characteristics. It is recommended for 
such uses as over-wraps for packaging of all types of prod- 
ucts; as windows in window envelopes and boxes; in tape 


sitive tape, and packaging ribbons; as insulation in electrical 
parts and interlayer insulation in electrical coils. 

Acetate sheeting can be vacuum- and pressure-formed, 
blanked, cut, stamped, riveted, cemented, electrically sealed, 
laminated and fabricated manually or on automatic machin- 
ery for many industrial and consumer applications. It is rec- 
ommended for such uses as optical frames; face shields, 
safety goggles and devices; visible protective covers and 
photo reproduction systems; lamp shades; toys and games; 
personal accessories such as costume jewelry, buttons, hand- 
bags; packaging such as fabricated transparent containers, 


applications, such as microfilm, recording tape, pressure-sen- and contour, blister and skin-type packages. 


TABLE OF MECHANICAL PROPERTIES OF ACETATE FILMS 


All tests were made after the film and sheeting samples had been conditioned for 24 hours at 
50% relative humidity and 25°C. (77°F.) and the tests were made under the same conditions. 


“_  ~P.992 ~ P.904 


P-903 P-911 $-600, $-650 
0.0007-0.002 0.0007-0.002 0.0007-0.002 


0.00088-0.002 0.0005-0.002 
Tensile Strength (p.s.i) 7,000-9,000 ~8,000-10,000 _ 9,000-12,000 7,800-8,500 7,000-10,000 


M 10,000 - ( 7,000-9,000 
Elongation (%) 20-30 15-25 15-25 25-50 30-55 
Softening Temp.t (°C.)_ “150 177 126 150 140 
(Approximate) (°F.) 302 350 302 284 


Celanese® 





FORMULA 


i ; $-602, $-652 
Range of Thickness (inches) 


0.0005-0.002 




















Heat Shrinkage 
48 hr. at 60°C. (140°F.) (%) -2. 1.0-2.0 
) 0- 5-4.5 


2-1.5 
48 hr. at 116°C. (240°F.) (% .0-5.0 


0.1-1.0 0. 
Specific Gravity . ~~ 4.30 7 $ 1.31 .29 


2.0-4.0 














Moisture Absorption 
24 hr. at 0% R.H. plus 
48 hr at 90% R.H. (%) J 45 8.5 ' 4.5 





{Temperature ot which somple becomes limp when heated on a polished copper block at rate of 15°C. per 
minute. Samples conditioned, before testing, for at least 24 hours at 50% relative humidity and 25°C. 
PROPERTIES OF CELANESE ACETATE SHEETING 
—ae $-700 veane $-701, 
ASTM ae 
METHOD 000-81 in. 0.090-6. 250 in. 
0792-44T 1.29 1.30 


$-702 

PROPERTY UNITS 

Specific Gravity—25°/25°C. _ 
psi. 








0638-49T 6500-8000 
ws 3500-5000 


7500-9000 
6000-7500 
4000-5500 








07 90-49 





0621-48T 
D785-48T 





Rockwell Hardness (R-Scale) 
(tz0d h 





0758-48 
_" ae 
Wr? hes. O% RH., 73°F. Plus 
72 7a he OR? RH., 73°F.) 
Heat Distortion Temp. 


Coefficient of Linear Thermal 
Expansion per Deg. C. 


D256-47T (mod) 





% 





0648-45T 





in. (°C. 0696-44 14 «105 


(0.0001 4) 
6 x 10¢ 


x105 
(0.0001 4) 
6x10* 
(0.0006) (0.0006) 
0.35 0.35 


D706-48T 2.5* 1.3* 
(Par. 6i) 





Thermal Conductivity cal. /sec./°C./em. 





Specific Heat cal. /°C./gram 
Weight ha on Heating N 
(48 hr. aey H., 7e F. plus 
72 he. 180°F 


Water 
(24 hr. . plus 
24 hr. A. immersion) 








— oo 0.050" 0.005" 0.030" 0.050" 
THICKNESS to to to to 
o.030" 0.050" al 0.030" 0.050" 0.125" 
% 0570-42 2-5 5-7 5-6 2-5 
Refractive index _ 0542-42 mee 
0.005" 0.050" 
THICKNESS RANGE 


to 
0.050" 
Tetal Visual Light Transportation ro 0672-45T 86-93 
ore 


0672-45T 1-4 


RANGE 





1.494 
0.005" 0.050" 


to to 

0,050" 0.125" 

86-93 82-92 
-4 3-6 


to 
0.125" 
82-92 
3-6 





comparatively high transmission 
ined on 0.125 in. thick sheeting only. 


Infra-red transmission of clear transparent Goleness sheeting, Formula $-700 .020” thick, has 
wavelength f *Determi 


over the near infra-red range covering ‘rom 700 to 2000 millimicrons. 
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general 
purpose 


high 


impact 


Bulk delivery direct to you! e Cosden 
polystyrene — general purpose and high-impact — 
is available to you in bulk by direct delivery. This 
“curb service” marketing eliminates multiple handl- 
ings, packaging, warehousing, contamination, and 
other non-productive operations and delays. Pro- 
duct is stored in bins set up at the most suitable point 


in your plant. @ Cosden is the only source of 


POLY 


ZONE AND APPROX. RADIUS IN STATUTE MILES 
1 0-100 4 501- 700 
101-300 5 701- 900 
301-500 6 901-1100 


polystyrene produced from natural resource to fin- 
ished product in a single quality controlled operation. 
Cosden offers the convenience of bulk shipment and 
storage and direct delivery by technicians specially 
trained for this service. @ Prices are based on a 
delivery zone and quantity purchase basis. @ For 
details, forward your quantity requirements and grade 


specifications to Chemical Division, Department E. 


Cosden Petroleum Corporation - Big Spring, Texas 




















You get the 
greatest array of 


desirable properties with 


YCOLAC 





HIGH IMPACT STRENGTH 
Cycolac offers outstanding 
resistance to shotk, impact 
and physical abuse over a 
wide temperature range 


elelel mi iiai iia. 


LIGHT WEIGHT, RIGID 
COLORFUL 


For appeorance parts Cy- 
colac offers excellent mar 
resistance, high gloss finish 
and o wide color range 


WIDE TEMPERATURE 

RANGE USEFULNESS 
Cycolac performs from 200 
a) 60 F without ex 
cessive distortion or em- 
brittlement 


EXCELLENT CHEMICAL 





SYNTHETIC RESINS 


PROPERTIES DIMENSIONAL STABILITY RESISTANCE 
Cycolac combines the basic Molds and extrudes to ex- Cycolac’s rugged, non-cor 
qualities needed in elec- acting tolerances and is rosive nature offers protec 
trical items like low water dimensionally stable under tion against a wide variety 
absorption, high demold- varying conditions of acids alkalies salt 


ing (sag) temperature, uni- solutions and oils 


form electricals over an 
extensive frequency range 


Ideal for... 
MOLDED PARTS, EXTRUSIONS, FORMABLE SHEET 


Check and compare Cycolac’s unique balance of properties, and you 
will see why it is ideal for hundreds of end-use products . how it 
can help you make more attractive, superior-in-performance products 
at reduced production and engineering costs. 


Cycolac high-impact thermoplastic resin is used and preferred - for 
many diversified products because of its exceptional versatility for 
molding, extruding and calendering operations. It is available | in 
powder form for calendering or mixing operations and in pellet form 
for extrusion and injection molding. 


PACESETTER IN 


Marbon also represented by: 

CHEMICAL 

CANADA: Dillons Chemical Co. Litd., Montreal & Toronto 
EXPORT: British Anchor Chemical Corp., New York 





Division of BORG WARNER ¢ Gary, Indiana 


WEST COAST: Harwick Standard Chemical Co., Los Angeles, Cc!. 
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CYCOLAC ABS POLYMERS for IMPACT-PERFORMANCE! 
RECOMMENDED USAGE: 


CYCOLAC T 
For maximum toughness at high hard- 
ness and tensile strength. 


CYCOLAC H 

High impact-strength over wide-tem- 
perature range; maximum impact- 
resistance of the molding grades. 
Suitable for high-impact extruded 
sheet. 


CYCOLAC L 
Extruded pipe and tubing; intricate 
profile extrusions; calendered sheet. 


CYCOLAC LT 

For optimum low-temperature prop- 
erties. Miscellaneous extrusions; cal- 
endered sheet; (not for pressure- 
pipe). 


CYCOLAC C 

For use in high tensile, profile and 
miscellaneous extrusions requiring 
superior, high-temperature perform- 
ance. 

CYCOLAC CM 

For injection molded performance- 
parts subject to high temperature 
requirements. 


eee ee ee Se 


PHYSICAL AND MECHANICAL 


Hardness, Rockwell R 
*Impact Strength: Izod (notched) 73°F. 
Izod (notched), —40°F. 
Izod (unnotched), 73°F. - 
Charpy (unnotched), 73°F.| — 
Brittle Point, below °F. 
Tensile Strength, psi: 140°F. 
73°F. 
Modulus of Elasticity (Tension), psi: _ 
Modulus of Elasticity (Flexure), psi 
Compressive Yield Strength, psi 
Flexural Strength, psi 
Shear Strength, psi 
Heat Distortion Point (ASTM, 264 psi) 
Specific Gravity (natural) 
Specific Gravity (pigmented) 
Recommended Process Methods 
r Extrusion; 2. Calender; 
. Injection Mold) 


04 
1,061.13 
}1-2-3 





60 

—40 
3100 
5000 
7000 
200,000 
210,000 
184,000 
5100 
6800 
4100 
185°F, 


1.01 
io 








Pet , 22 
Ss 
oOo 
Ss 


‘ad 


Oro 
> 
mn 








4 PO 
oOo 
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*Izod test samples Ye" thick; Charpy samples %4” thick. Values for L and LT determined on 
compression molded samples. 


PROPERTY 


ELECTRICAL AND THERMAL 
(Generally applicable to all grades except C and CM) 
Dielectric Strength, short time and step by step: 
KV @ Breakdown 
Volts per mil 
Specific Heat 
Coeff of Thermal Expansion (inch/inch/°C.) 
Flammability (inches/minute) 
Power Factor: 60 cycles 
103 cycles 
10% cycles 
Dielectric Constant: 60 cycles 
103 cycles 
10% cycles 
Volume Resistivity, Ohm-centimeters 
Arc Resistance, seconds 
Thermal Conductivity (K): Btu/hour/sq. ft./°F./inch 
(temp. range 39-146°F.) 
Mold Shrinkage 
Demolding Temperature 


CHEMICAL 





VALUE ASTM METHOD 


D149-44 
51 

416 

0.38 
10x10—5 
1.30 
0.006-0.008 
0.006-0.009 
0.006-0.009 
2.71 

2.68 
2.8-2.93 
8.2x10'3 


D696-44 
D635-44 
D150-47T 


D150-47T 


D257-52T 
D618-49T (Proc, A) 
C177-45 





Approx. 
212-220°F, 


CYCOLAC resins are almost completely resistant to aqueous acids, alkalies and salts. Con- 
centrated sulfuric and nitric acids produce disintegration but concentrated phosphoric ahd 
hydrochloric acids have little effect. Low KB solvents, alcohols, and animal, vegetable and 


mineral oils produce insignificant changes 


Glacial acetic acid, carbon tetrachloride, aromatic hydrocarbons and high KB solvents cause 
marked swelling. Esters, ketones and ethylene dichloride are solvents for CYCOLAC 


WRITE FOR LATEST TECHNICAL DATA 
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No “maybes” about it! Whether it’s polyethylene 
pipe or packaging or pails you're producing or 
planning, chances are Interplastics can save you 
money with carefully processed polyethylene, natu- 
ral or colored. Sometimes we have attractive spot 
lots of virgin polyethylene, too. 


put 
reprints 


But that’s not all—Interplastics also deals in poly 
styrene, nylon, acrylics, vinyl and cellulosics. And 

if you have scrap or surplus materials for disposal, 
we would like to buy it. 


to work 


. Reprints of articles, features and news items that 
Exporters and foreign customers can depend on 


appear in Modern Plastics are often surprisingly 
Interplastics’ experienced export and import depart 


| 

| 

! 

| 

| 

| 

! 

l 

| 

| 

| 

I 

| 

I 

| 

| 
ment. Ask for our handy materials reference index. | inexpensive when ordered in quantity. Many 
companies make it a practice to have stories which 
| have a bearing on their business reprinted for 
| distribution to their own personnel, customers, 
prospects, stockholders or to other interested groups. 
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Whenever you see editorial matter of this type in 
Modern Plastics magazine or the Encyclopedia 
issue which you can use in reprint form, in 
quantities of 200 copies or more, write and 
quotations will be furnished promptly. 





INDUSTRIAL MAGAZINE SERVICE 
An affiliate of Breskin Publications 


575 Madison Avenue; New York 22, N. Y. 
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SK chemicals 
FOSTER GRANT 


forty years 
experience 


is the PLUS 


in plastic 
ike) Collalemaedanlekelelatek: 


at FOSTER GRANT 


MECHANICAL PROP 


Description Tensile Strength Elongation 


ASTM TEST D638 D638 


UNITS psi @ Yield| psi @ Fail | Percent @ | Percent ¢ 


FOSTARENE?” POLYSTYRENE RESINS 


FOSTARENE 20 Fem aa 6000-7000 





General 
FOSTARENE 94 Purpose 6800-7600 
High Strength 





Heat 
FOSTARENE 50 Resistant 8500-9500 





FOSTARENE 122 High Flow 6500-7500 





FOSTARENE 215 Rubber Modified} 36504500 | 4300-4800 
High Impact 





Rubber 
FOSTARENE 315 Modified 4500-5500 | 4600-5500 
Medium Impact 


FOSTA TUF-FLE X /MPACT POLYSTYRENES 


Extrusion 


FOSTA TUF-FLEX 216 _ Grade 3500-4500 | 4100-5000 1.0-1.5 30-35 
High Impact 








FOSTA TUF-FLEX 226 Molding Grade | 3999-4000 | 3500-4500 | 1.0-1.5 35-40 
High Impact 





FOSTA TUF-FLEX 324 Medium =| 4900-5000 | 4500-5500 | 1.0-1.5 20-30 
Impact 


FOST A° NY LO N MOLDING AND EXTRUDING RESINS 


FOSTA NYLON — TYPE 61 High 12100 10100 3.8 50-55 
Stiffness 








FOSTA NYLON — TYPE 62 Sanaa 11900 9900 4.0 55-65 








FOSTA NYLON — TYPE 64 High 9500 9500 250 
Impact 





FOSTA NYLON — TYPE BK40 Extrusion 11700 11700 . 100 





‘ For unmodified Polystyrenes flexural strength is reported at failure. 





Flexural 
Strength 


D790 


psi @ 


Yield* 


9000-9500 


9000-11000 


12000-13000 


8000-9000 


7000-8000 


7500-8500 


6100-6700 


5700-6200 


6600-7500 


16000 


15800 


9000 


16600 


ficat ir 


THERMAL PROPERTIES 


Izod 
Impact 


D256 


ft-lbs./in 
notch 


F @ 


66 psi 


0.25-0.35 


0.25-0.35 


0.25-0.35 
0.25-0.35 


0.9-1.1 


0.5-0.7 


1.2 390 
1.4 385 
2.5 330 


0.9 390 


Distortion 


D648 


F @ 
264 psi 


170-180 


175-185 


195-205 
160-170 


165-175 


170-175 


165-175 
160-170 


170-175 


175 
165 
150 


165 


Flammability 


D635 


in /in. 


Self Extin- 
guishing 


Self Extin- 
guishing 


Self Extin- 
guishing 


Self Extin- 
guishing 


Specific 
Gravity 


D792 


1.05-1.07 


1.05-1.07 


1.05-1.07 


1.05-1.07 


1.04-1.06 


1.04-1.06 


1.04-1.06 


1.04-1.06 


1.04-1.06 


1.14 


1.14 


1.14 


1.13 


PHYSICAL PROPERTIES 


Rockwell 
Hardness 


Moisture 


D785 D570 


Percent 


M70-80 


M70-80 


M70-80 


M70-80 


M50-55 


M70-75 


0.05 -0.10 


0.05-0.10 


0.05-0.10 


R118 1.6 


R112 1.6 


R107 2.0 


R119 1.6 


for Fosta Nylon, with the exception of water absorption, determined on molded specimens containing less than 0.3% 


Absorption 


Mold 
Shrinkage 


0.003-0.00E 


0.003-0.00 


0.003-0.00 


0.003-0.00! 


0.003-0.00! 


0.003-0.00! 


0.003-0.00: 


0.003-0.00: 


0.003-0.00. 


0.009 


0.010 


0.011 


0.007 


mois 
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FOSTER GRANT 








pladtica 


A COMPLETELY INTEGRATED SUPPLIER 
With Valuable Services 
to the Plastics Molder 












Founded in 1919 as fabricators and marketers of celluloid 
products, Foster Grant had a head start when the new era of 
plastic materials arrived. 





The pioneering spirit of the company was evidenced by the 
development of the first successful commercial injection molding 
machine, after scores of attempts by others had failed. Foster 
Grant also was first in commercial molding of cellulose 

acetate polystyrene. 





There are many advantages to the molder in buying raw 
materials from a supplier with such an unmatched history in 
actual molding and the development of molding machinery, 
processes and techniques. 





Foster Grant further offers completely integrated services with 
its own monomer and polymer plants. Its extensive research 

and fully equipped testing laboratories — and above all, its experts 
and specialists are equipped to solve the molder’s problems and 
create new formulations that take into account the molder’s 
operating conditions. 





These integrated services are at the disposal of our customers. 
We invite you to put these helping hands to work for your 
progress and profit. 





FG. 
FOSTER GRANT CO., INC. 


LEOMINSTER, MASSACHUSETTS 


Distributed by 

H. MUEHLSTEIN & COMPANY, INC. 

60 East 42nd Street, New York 17 

Branch Offices & Warehouses: Akron, Boston, Chicago, 
Cleveland, Jersey City, Los Angeles. 
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for savings on 
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HERE’S 
THE STORY 
ABOUT 


Chemical nature and structure—““MOPLEN” 
is the trademark of the polypropylene 
produced by stereospecific polymeriza- 
tion of propylene, an asymmetric olefin 
available in large amounts from both 
the petroleum and petro-chemical in- 
dustries. 

When propylene molecules join each 
other during polymerization, the re- 
sulting polymeric chains may, depend- 
ing on the polymerization conditions, 
assume one or the other of the struc- 
tures shown in the illustrations below. 
Here (supposing the polymeric chain 
stretched on a plane) the dotted lines 
indicate bonds with atoms or groups 
lying below the plane, and the contin- 
uous lines indicate bonds with atoms 
or groups lying above the plane. 


1. ISOTACTIC 
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Using stereospecific catalysts discov- 
ered by Professor Guilio Natta of the 
Milan Polytechnic Institute, a struc- 
ture can be obtained which corre- 
sponds to the highest intramolecular 
order, and which is called “isotactic,” 
that is, spatially ordered. 

On the other hand, when chain for- 
mation occurs at random, the final 
product has a disordered structure, 
which is called “atactic.” In other 
words, depending on polymerization 
conditions, different macromolecular 
structures and therefore different char- 
acteristics of the polymer may be 
obtained. These can be adapted to dif- 
ferent technological purposes, 


**MOPLEN”’ 
Montecatini now produces several 
types of “MOPLEN”: M 1, M 2 and A 2. 


+ASTM D 1238-52T. Modified by using 10 Kg load instead of 2.16 Kg. 


“MOPLEN” POLYPROPYLENE 

a new thermoplastic resin 
for many new applications: INJECTION MOLDING e EXTRUSION e Wire 
covering e pipes e sheeting e films e heat sealing e paper cloth and 
aluminum coating e filaments e blown containers e metal surface coating 
vacuum sheet e forming 


e welding 


M 1 has a melt indext of about 20, re- 
markable fluidity in the melted state, 
and is therefore particularly suitable 
for extruded films and blown mold- 
ings. 

M 2 has a melt index+ of about 6, and is 
suitable for injection molding and the 
extrusions of pipes and shapes. 


A 2 has a melt index+ of about 4 and is 
suitable for injection molding and ex- 
trusion. It is stiffer, harder, has higher 
resistance to heat than M 2 and is espe- 
cially good for electrical applications. 

Montecatini will soon be able to offer 
other types of “MOoPLEN.” Their differ- 
ent molecular weight, and technologi- 
cal characteristics will enable them to 
fulfill the widest possible requirements 
of the market. 


Properties of ‘““MOPLEN” 


Resistance to Chemicals — “MOPLEN”’ is 
resistant both to alkalies and acids, 
even at high temperatures. It exhibits 
no environmental stress cracking when 
it comes into contact with polar sub- 
stances. 


Solvents and Adhesives — There are no 
solvents for “MOPLEN” at room temper- 
atures. It dissolves only in aromatic 
and chlorinated compounds at temper- 
atures above 80°C (176°F). 
“MOPLEN’s” behavior with conven- 
tional adhesives is that of any similar 
plastic. 
Permeability to Gases and Vapors—The 
permeability of “MOPLEN” to common 
gases and vapors is considerably lower 
(25-50%) than that of low density 
polyethylene. The same applies to the 
diffusion of liquids. 


PROCESSING OF ““MOPLEN”’ 


Injection Molding 


The high fluidity of “MoPLEN” permits 
molding of thin-walled and complex- 
shaped items. 


Temperatures — Cylinder temperature 
should be maintained between 200°C 
and 250°C (392-482°F) depending on 
the form and weight of the molded 
piece and should never exceed 270°C 
(518°F). 


Pressure — Preferred pressure is ap- 
proximately 1200 kg/cm? (17,000 psi) 
or higher. 


Cycle Times — May be very short, as in 
the case of polyethylene, using high 
injection speed. 


Mold Temperature — It is particularly 
recommended that the mold be run at 
not less than 50°C (122°F). The mold 
must be carefully chromium plated in 
order to obtain very smooth and bril- 
liant surfaces. 


Linear Shrinkage — Linear shrinkage is 
about 2%. Normal rules should be fol- 
lowed when establishing mold sizes. 


Coloring — All colors and shades can 
be obtained with “MOPLEN.” 


Protection Against Oxidation — Like 
polyethylene, the addition of carbon 
black with uniform dispersion, or 
similar opacifying agents, will impart 
permanent resistance to sunlight. 
“MOPLEN” is not affected by diffuse 
light. 


Extrusion 


Extrusion is easily carried out by 
means of the conventional equipment 
employed for polyethylene (screw 
having 4:1 compression ratio and 
length equal to 18-20 times its diam- 
eter is preferred). As with polyeth- 
ylene, care should be taken to follow 
the normal working methods to obtain 
uniformity of temperature in the bar- 
rel and good performance of the cool- 
ing and draw-down systems. 


Wire-Covering —In covering wire 
“MOPLEN” exhibits excellent electrical 
and mechanical properties, as well as 
high resistance to environmental crack- 
ing. The wire-covering process is not 
difficult, but care should be taken to 
make sure that the product is cooled 
uniformly and progressively immedi- 
ately after extrusion. 


Pipes— Temperatures generally em- 
ployed for pipe extrusion are: 

190°C (374°F) 
210°C (410°F) 


Sheeting — “MOPLEN” can be extruds 
in sheets of any thickness and colo 


Barrel 


Nozzle 


*Montecatini Trademe' « 





ims — Films can be obtained both by 
»wing and flat die processes. Approx- 
iate temperatures: 
flat die 
188°C (370°F) 
220°C (428°F) 


blowing 
170°C (338°F) 
200°C (392°F) 


Barrel 


Head 


If fast cooling in water is employed, 
the gloss and transparency of flat die 
films are much superior to those shown 
by polyethylene and polypropylene 
blown and unquenched film. Slower 
cooling than that used for polyethylene 
should be used for blown polypropyl- 
ene film. 


Heat-Sealing — “MOPLEN”’ film may be 
heat-sealed with the same equipment 
used for the welding of polyethylene 
film. Owing to “MOPLEN’s” very low 
dissipation factor, high-frequency 
equipment should not be used. 


Paper, Cloth and Aluminum Coating — 
Use a flat die, and lay the hot film 
immediately on the substrate (paper, 
cloth or aluminum sheet) using two 
rollers, one of rubber, the other of 
steel. 


Filaments — Conventional methods (ex- 
trusion and hot drawing) can also be 
used with “MoPLEN.” After drawing, 
the tensile strength of the filaments 
may equal that of the best monofila- 
ment obtained with other plastics. 


Blown Containers—Containers are made 
by the same method used for blowing 
polyethylene. 

Temperatures: 

175° to 185°C (347°-365°F) 
210° to 230°C (410°-446°F) 


Barrel 


Nozzle 


The air need not be heated, but the 
pressure should be increased progres- 
sively. 


Note: In order to avoid the effects of 
prolonged heat, the following working 
instructions should always be observed: 

During both extrusion and injection 
molding, never exceed a given temper- 
ature limit. This varies, depending on 
the particular equipment and the speed 
of the operation, but is usually of the 
order of about 270°C (518°F). 


Other Processes 


Dip-Coating — In dip-coating metal 
surfaces, the object to be coated is 
heated to about 250°C (482°F), then 
dipped into powdered “MOPLEN.” 
Afterwards, it is introduced into an 
oven where fusion of the polymer is 
completed. 


Vacuum forming of sheets — This is an 
excellent technique for large sized 
pieces or complex shapes and can be 
carried out using normal machinery, 
but the sheets should be heated with 
particular care so that they will soften 
uniformly and remain stretched. 


Welding — Welding is easily carried out 
by using a thin “MOPLEN” rod and an 
inert hot gas welding torch. Follow the 
various methods in use for polyethyl- 
ene (butt welding, lap welding, cham- 
fer welding, etc.). 


Ink Printing — The adhesion of ink to 
“MOPLEN” is good but can be improved 
by pretreating the surface with meth- 
ods used for polyethylene (particu- 
larly electrostatic discharge). 


Machining and Finishing — “mMopLeN” is 
easily worked on conventional ma- 
chine tools (lathe, milling machine, 
drilling machine, etc.). 

Comparatively high cutting speeds 
can be applied. 


Typical physical properties of MOPLEN 


“ TEST 
2 METHOD 


PROPERTIES 


+ PHYSICAL AND MECHANICAL 

5 Specific gravity 

* Apparent density (granular form) 
* Bulk factor h 


* Yield strength . 


. Uitimate tensile strength (.2”/min.) .. 
: Elongation (yield point) .. 

. Total elongation .. 

* Compressive strength 

: Stiffness (flexural) . 

* Hardness, Rockwell 


* Impact strength, Izod test, 2” x Yo” 
unnotched bar 


: re * D256—54T 
ois ultrasonic 
ASTM D570—54T 


« Young’s modulus . 
* Water absorption 


+ ELECTRICAL 

* Dielectric constant (10° cycles/sec 
« Dissipation factor (10° cycles/sec. 
Dielectric strength .. 

« Volume resistivity 


. THERMAL 
* Melt index* 


; Thermal conductivity 

7 Specific heat .. 

* Coefficient of thermal expansion 
* Deformation under load** 


Softening point (Vicat—1 kg 


” ** (Vicat—5 kg.) 
lst order transition temperature . 


2nd order transition temperature 


Resistance to heat when 
not subject to strain . 


. 
. 
. 
. 
. 
. 
. 
. 
. 
7 
. 
. 
. 
. 


ASTM D792—50 
“1392-38 
D1182—54 


D638—52T 


0638—52T 


D638—52T % 
D638—52T 9 


D695—54 


0747-50 
D785—51 


ASTM D150—54T 
D150—54T 


D149—55T Ay 
D257—54T 


ASTM D1238~- 52T 


ASTM D696—44 


DIN 57302 


crystallographic 
microscope 
specific volume 
test 


RANGE OF 


UNITS VALUES 


kg /liter 
kg/liter 


0.90-—0.91 
0.40 
2.25 
300 350 
} 4,300 5,000 
300 380 
14,300 5,400 
10-20 
500. 700 
600 — 700 
' 8,500 10,000 
\ kg/cm? , 8,500-13,000 
i Ibs in? + 120,000 — 186,000 
R-scale 85-105 
1 kg cm/cm? 80 
| ft. Ib/in 119 
dyn. cm? 3.0 -3.6 
© weight increase nil 


kg cm? 
Ibs in? 
kg cm? 
t Ibs, in? 


° 
1 kg/cm? { 
' Ibs. in? 


10'° 


mm 
V mil 
Ohm e cm 


g, 10 min 
m? sec 42.1 10-4 
in ft?) hr, °F ' 73 
K cal g./°C 0.46 
;em/cm/°C 110 x 10°¢ 
tinyins °F ' 61x 10° 
10 at 135°C 
140 
| > 284 
' 85 
'> 185 
164-170 
(329-338 
35 
(-—31 
, 150 
+302 


ee ee 


, cal/cm 
(B.T.U 


* COSSSSSSSSHSHESSHSHSSHESHSHSEHSHSOHSEHSSEHEHSSHEH SSS ESHESESESEEE® ® 
eee . 


NONONONONO?® 


* Method modified by using 10 Kg. load instead of 2.16 Kg. 


** Under tension of 15 Kg/cm? (210 ibs/in?) by increasing temperature at the rate of 50°C/hr 


(90° F/hr.) 


For further information please apply to: 


Chemore Corporation 
21 West Street, New York 6, N. Y. 
Telephone: HAnover 2-5275 


General Representative in U. S. A. and Canada for 


MONTECATINI SOC. GEN., MILANO, ITALY 


NTECATINI 











THE NATION’S 
FORWARD-LOOKING 
INDUSTRIES... 


In JUST A FEW SHORT YEARS, America’s 
leading injection molders and design 
engineers have made FIBERFIL the indus- 
try’s standard for reinforced injection 
molding compounds — for strength, dimen- 
sional stability, and precision moldability. 
Only through successful applications, that 
proved consistently impractical with non- 
reinforced plastics, could FIBERFIL Nylon 
and Styrene Injection Molding Compounds 
have won such nationwide endorsement 
from these leaders in their manufacturing 
fields. Let us tell you why FIBERFIL may 
well be the answer to your _ product- 
advancement needs. Write for complete 


technical data, now. 


FIBERFIL 


FIBERFIL, Inc. 
FOX FARM ROAD - WARSAW, INDIANA 


PNG REL Piteiiel. mle) ae), ick. 





PLASTICS 


* thermosetting molding compounds 


* fire-retardant laminating resins 


* phenolic bonding resins 


PLASTICS DIVISION 
HOOKER CHEMICAL CORPORATION HOOKER 


888 Walck Road, North Tonawanda, N.Y. 
CHEMICALS 


PLASTICS 





PLASTICS 





thermosetting molding compounds 
WHEN TO USE 


In general, designers specify a thermosetting molding 

compound to meet one of the following product re- 

quirements, or any combination of them: 
low cost General-purpose phenolics, for exam- 
ple, are the lowest priced compounds per pound 
and per unit of volume. Molding costs per piece 
are low, and are moving lower with increasing use 
of automatic molding equipment. 
dimensional stability Phenolics, polyesters, and 
diallyl phthalates all exhibit high degrees of re- 
sistance to deformation under load (cold flow), 
and swelling or shrinking due to absorption of 
moisture. Molded parts exhibit relatively slight 
change in dimensions with changes in temperature 
—an advantage in the design of precision devices. 
heat resistance Most thermosetting compounds 
can be safely specified for operation at temperatures 
above 300°F. Some can go as high as 500° F. 
moisture resistance Thermosets stand long ex- 
posure to moisture with relatively slight change in 
strength and other characteristics. Outstanding in 
this respect are Durez diallyl phthalates. 
electrical insulating properties A wide choice 
of electrical-grade thermosetting compounds per- 
mits accurate selection of the best material for arc 
resistance, dielectric strength, insulation resistance, 
dissipation factor, in combination with heat and 
moisture resistance and other physicals. 
impact strength Compounds filled with cotton 
flock, cellulose, sisal, or glass fiber provide a range 
of medium- and high-impact materials suitable for 
industrial housings, pulleys, automotive oil pump 
gears, and other applications of hard usage. 
chemical resistance Thermosetting compounds 
are inert to most common solvents and weak acids. 
Many available compounds are resistant to food 
and beverage stains and unaffected by skin acids 
and perspiration. 


MEETING TODAY’S DESIGN TRENDS 


Today you can satisfy more design requirements with 
these thermosetting compounds than ever before. 

The squeeze on costs shifts emphasis to general- 
purpose phenolics wherever possible—as replacements 
for metal, wood, ceramics, and costlier plastics. 

The trend to miniaturization requires components 
that are smaller and yet last longer in high-tempera- 
ture service; parts that are lighter and yet stronger, 
thinner and yet better insulators. 

To help you meet these needs, new materials are 
constantly being developed at Durez. Many of them 
combine the properties of yesterday's special-purpose 
compounds in new ways. Others are entirely new. 

Your custom molder is familiar with these Durez 
materials, and experienced in matching them to the 
designer's needs. His services include cost estimating, 
idvice on low-cost mold design, and quality control 
to meet specifications, 





DUREZ molding compounds 


GENERAL-PURPOSE | IMPACT | ELECTRICAL | COLOR 


general-purpose 


By far the greatest number of thermoset 
parts are molded of general-purpose phe- 
nolics, the lowest cost compounds. Some 
20 of these materials, in black or brown, 
are supplied by Durez in different granu- 
lations and many different plasticities. 
These compounds are highly versatile, 
embodying a balance of characteristics 
which may be scanned in the table on 
pages 6 and 7 of this bulletin. Since no 
material is ideal for every application, 
many of these compounds have been de- 
veloped to emphasize specific properties. 
Thus it is possible to specify a low-cost 
general-purpose Durez phenolic with spe- 
cial emphasis on smooth, glossy surface; 
on higher impact; on chemical resistance ; 
heat resistance; low-abrasion characteris- 
tics for better machining, and so on. 
piece design can take advantage of the 
materials’ ability to accommodate molded- 


in metal inserts, contacts, terminals, wires, 
and inlays to simplify later assembly. 
Strong threads can be molded in without 
extra operations. Self-tapping screws may 
be used in molded-in holes. 

Tolerances can be held to 
small dimensions, though 
usual. 

machining Generally only tumbling 
is required to remove flash. However, 
molded pieces can be Wheelabrated, filed, 
sanded, ground, tapped, and drilled. Mill 
ing and turning, while not recommended, 
is satisfactory with some compounds, de- 
pending on type of filler. 

finishing Molded pieces can be tum- 
ble polished to provide high gloss, or 
buffed. Phenolics can be marked by 
branding or machine engraving. 
can be painted or vacuum metallized. 


+ .002” on 


+ .004” is more 


Pie cs 





impact 


Many parts now made of metal can be 
molded successfully with impact pheno- 
lics. Izod impact higher than 17 ft. Ib./in 
by ASTM D256 can be achieved, with 
various degrees of shock resistance and 


other properties. 

A new low-priced sisal-filled phenolic, 
Durez 18683, combines high impact and 
good dimensional stability with excelient 
resistance to moisture. 





electrical and electronic 


Light weight, dimensional stability, and 
excellent insulating properties are ob 
tained with Durez electrical-grade mold- 
ing compounds. Some are formulated espe- 
cially for molding around large metal 
inserts, 


For highest-quality components, Dar 
diallyl phthalates retain high insulation 
values over extended periods at relative 
humidities above 90% ; have consistently 
reproducible arc resistance; and provide 
virtual freedom from cold flow and creep 





color 


Rigid, strong thermoset parts can now be 
molded in a whole spectrum of light-fast 
colors with a new material, Durez Poly- 
ester. Strength and electrical properties 
are outstanding. Molded parts show vir- 
tually no change in dimensions after mold- 
ing. The material is designed specifically 
to meet Underwriters’ fire-retardance re- 
quirements for appliances. 


Your molder can get this new plastic in 
stock yellow, pink, turquoise, white, and 
gray. Other shades are available as stand- 
ard colors, and a full range of colors can 
be produced on a minimum order basis. 
It comes in dry granular form and is easily 
molded on standard presses with compres 
sion or transfer molds. 


For more detailed seiection data, see pages 6 and 7 











to use HETRON resins 


Among the design considerations leading to a selec- 
tion of a reinforced laminate or custom-molded shape 
made with a Hetron resin are the following: 


structural strength required over a large surface 
area; high strength-to-weight ratio. 


fire retardance for applications where conven- 
tional laminates constitute a hazard, or where 
building codes require a slow-burning or self- 
extinguishing material. 


corrosion resistance, as for chemical ductwork. 
arc resistance and other insulating qualities. 


smooth, hard surface with good impact strength 
and finishing properties. 


light transmission, as for industrial glazing or 
interior decoration. 


integral color. 


applications Current uses for Hetron laminates 
include automotive fenders and other body parts; 
commercial aircraft cockpit glare shields, air condi- 
tioning ducts, and light-diffuser panels; industrial 
glazing and roofing; corrosion-resistant blowers, ducts, 
and fume hoods; fire-retardant pleasure craft hulls; 
corrosion-resistant utility boat hulls; business machine 
housings; insulation for heavy-duty metal-clad switch- 
gear; perforated wiring ducts for control panels. 
Military uses include aircraft wing tips, tail fins, 
window frames, air ducts, battery trays, radomes, and 
antenna covers; 40-foot landing craft hulls; 55-foot 
radomes for perimeter defense; portable hangars for 
jet aircraft. 


at aning with Durez materials 


It is generally accepted that 95 of the success of a 
plastic molding operation is due to good mold design. 

Your custom molder and mold designer thus be- 
come key factors in translating your design into a 
finished piece that does what you expect it to do 
Whenever possible, call them in at an early stage. 
They can often suggest ways to reduce molding cost 
or provide savings in assembly. 


Illustrations at right: 


1. compression molding telephone handsets with a 
Durez phenolic 

2. autoclave molding a fire-retardant pleasure boa: 
hull with Hetron resin 

3. measuring mobility and other properties of a 
molding compound in special test equipment 
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HETRON fire-retardant resins 


for laminates and molded shapes 


properties of HETRON laminates 


Hetron polyester resins produce excep- 
tionally strong, fire-retardant laminates 
and molded shapes when combined with 
a catalyst, reinforced with glass mat, glass 
cloth, chopped roving, or textile fabric, 
and cured by conventional methods. 

Rigid, semi-rigid, or flexible laminates 
can be made, depending on the resin se- 
lected. Further choice of rigid and semi- 
rigid resins permits emphasis on heat re- 
sistance, chemical resistance, impact, and 
finishing qualities. 


chemical Laminates withstand long- 
time immersion in water, dilute hydro- 
chloric acid, 60% sulfuric acid, and kero- 
sene over a range of temperatures with lit- 
tle or no weight change. 


electrical Good electricals, plus 
flame retardance, make Hetron a preferred 
choice for glass-reinforced sheet insula- 
tion in heavy-duty circuit breakers and 
other apparatus. Other properties include 
very low loss factor over a wide range of 
frequencies; dielectric constants generally 
lower than with resins of this type; rela- 
tively slight change in properties with ex- 
posure to high humidity. 

paper-based laminates Laminates 
gee from phenolic preimpregnated 
craft paper and Hefron 92 have water 
absorption values ranging from 0.3° to 
1.0% on a \g-inch specimen, depending 


technical help for designer and 
When you specify a Durez material, you 
can be sure that your molder or fabri- 
cator knows the material and can get 
skilled assistance in forming it. 

Durez sales engineers and technical 
service men with production experience 
call regularly on molders and fabricators, 
introducing new materials and helping 
solve production problems. Realistic, on- 
the-spot service to molders and fabricators 
is your best assurance that the Durez ma- 
terial you select will do the job intended. 

Durez plastics are produced in modern 


For more ds 


tailed selection data 


molder 


>» pages 6 and 





on resin content and method of prepara- 
tion. Advantages of these laminates over 
phenolic NEMA XXX grade include ex- 
cellent fire retardance, shorter impreg- 
nating and curing time, and use of low- 
pressure forming equipment (100-400 
psi). 

mechanical Typical ‘-inch rigid 
laminates containing 40% resin and 60% 
glass cloth exhibit flexural strength of 
68,700 psi at 73°F, and 55,100 psi at 
160°F. Water absorption is very low: 
after a two-hour boil the same laminates 
have flexural strength of 59,800 psi at 
73°F. Flexural modulus of 3.1 x 10° psi 
at 73°F is equally well retained after a 
two-hour boil. Compressive strength ts 
35,000 psi and tensile strength 40,000 
psi at 73°F. 

physical Hetron laminates are self- 
extinguishing. Typical translucent day- 
lighting panels test within a range of 20 
to 75 in flame-spread rating by ASTM 
E84-5SOT (Tunnel Test), as compared 
with ratings of 100 for red oak and over 
100 for conventional unfilled polyester 
panels. Flame retardance is chemically in- 
herent in the resin, obtained without ad- 
ditives and consequently without loss of 
mechanical strength. 

Castings cured without filler exhibit 
heat distortion points as high as 300°F by 
ASTM D648.-45T. 





plants at North Tonawanda, N. Y., and 
Kenton, Ohio, under strict quality control 
insuring consistent batch-to-batch uni- 
formity. Molding compounds are ware- 
housed in key localities for fast delivery. 
Every lot is sampled before shipment. 

A large research staff is constantly at 
work developing and testing new materi- 
als. Many compounds and resins are 
formulated to meet special needs. 

For technical data, samples, and other 
information on Durez plastics, write us, 
briefly outlining your requirements. 
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PLASTICS 


AST 
PROPERTIES test general purpose 
method 


Durez number 792 11540 1544 


color black black full range black 


material i polyester 











PHYSICAL 


specific gravity _ D792 1 1.61 1.37 1.42 
molding shrinkage, in./in. SS D955 0.006 0 0.006 0.006 
water absorption, % D 570 07 ; 06 0.6 0.8 07 : 0.9 
impact, Izod, ft. Ib./in. D 256 0.28 0.31 0.26 0.30 0.37 1.2 
flexural strength, psi D790 11,000 11,000 10,000 9,000 11,000 8,500 
tensile strength, psi D 638 7,000 7,000 7,000 5,000 7,000 5,500 
compressive strength, psi D 695 30,000 30,000 30,000 20,000 30,000 25,000 
modulus of elasticity in tension, psi D 638 1.2 x 10° 1.2 x 10° | 1.2 x 10° | 1.0x 10° | 1.3 x 10° 1.3 x 108 
flexural modulus, psi D790 

distortion under heat, °F, 264 D 648 310 320 325 275 300 270 
flammability D 635 self ext. 

burning rate, in. /min. D757 

hardness, Rockwell, M scale D785 90 


hardness, Barcol 





























ELECTRICAL 


dielectric strength, v/mil: short time 350 300 400 350 400 
step by step 260 275 250 300 275 300 
volume resistivity, ohmem. 1x10" 7 1x 10" 1x10? 7 1x10" 1x10] 1x 10% 

dissipation (power) factor: 60 cycle 0.07 0.2 0.08 0.016 0.15 0.2 

1 kilocycle 0.04 0.09 0.04 0.013 0.06 0.07 

1 megacycle 0.03 0.045 0.036 0.024 0.04 0.04 
dielectric constant: 60 cycle 5.6 7.7 , 6.1 5.0 6.8 6.9 
1 kilocycle 5.2 69 . 5.7 49 5.7 5.7 
1 megacycle 4.6 ’ . 49 4.6 49 4.8 


are resistance, sec. = = 6 — = = 100 





most high meets excellent versatile; pre- low 
versatile insulation MIL-M-14E dimensional | medium formable cost; 


primary advantages general- resistance | Type CFG stability impact nodular high 


purpose form impact 


Cases, cabinets, housings, sockets, tube bases, Appliance | Automotive oil pump gears, telephone 
switches, other electrical components, utensil handles, handles, parts, bushings, caster wheels, too! 
many other pieces requiring balanced properties housings, parts, pulleys, instrument cases, ma- 
at lowest cost. and parts chine housings, and other pieces sub- 

in color. ject to rough handling or heavy wecr. 


Values given for Durez molding compounds glass mat and with glass cloth. Glass-mat laminates 
are based on tests of compression-molded are Ye” thick and contain 35% glass. Glass-cloth 
specimens. laminates are Ye” thick and contain 60% glass. 
Values for Hetron resins are representative, Values under “premix molding” are based on 
based on tests of laminates reinforced with tests of molded parts containing 35% glass fiber. 





electrical 


2271 16274 16694 


black natural green 


heat- 
resistant 
55 16744 


black 





phenolic 


1.75 
0.003 
0.06 
0.30 
9,500 
"5,500 
25,000 
2.5 x 10° 


1.37 
0.005 
07 
0.28 
10,000 
6,500 
30,000 
1.2 x 108 


1.31 
0.009 
0.2 
0.55 

10,500 

4,500 

20,000 


290 285 240 


350 
290 
x 1018 
0.04 
0.03 
0.03 
5.3 
5.0 
4.6 


375 
300 
1x 103] 4 
~ 0.04 
0.025 
0.013 
5.2 
49 
4.6 


400 
350 


0.026 
0.02 
0.016 
3.8 
37 
3.6 
85 


dimen- 
bility| sional 
stability; 
inserts resists 
humidity 


for xcellent 
molding 
around 


Automotive ignition parts, re- 

sistor casings, coil forms, tube 

bases, distributor caps, commu- 
r assemblies, electronic 
ponents of many types. 


For complete information on Durez materials, con- 
sult your custom molder or fabricator, or write us 
direct. This table presents maximum and minimum, 
average, or typical values of representative Durez 


0.6 x 10° 


x 1016 


1.61 
0.003 
0.5 
0.36 
8,500 
6,000 
22,000 
1.5 x 10° 


1.58 
0.005 
0.4 
0.35 
10,000 
6,500 
30,000 
1.6 x 10° 


330 320 


300 
250 
1x 10" 
0.2 
0.14 


400 
300 

x 10! 
0.10 
0.06 
0.04 
7.2 

6.3 
5.0 


12.0 
9.0 


high 
impact; 
heat- 
resistant 


improved 
crush 
resistance 


Electric iron and 
cooking utensil 
handles, toaster and 
coffee-maker parts; 
pieces that must 
withstand tempera- 
tures as high as 
500°F for short 


products. Many other materials are available. 


guide to representative 


DUREZ materials 


special 
property 
3949 


75 13856 


black black black 


phenoli 





1.38 
0.006 
0.8 
0.28 
9,000 
7,000 
25,000 
1.4 x 10° 


1.38 
0.006 
0.4 
0.20 
8,000 
4,500 
26,000 
0.9 x 10° 


1.41 
0.006 
1.0 
0.48 
9,500 
6,500 
27,000 
1.0 x 10° 


330 


200 
200 
1 x 1012 


excellent 
for dry- 
wet sit- 
vations 


chemical 
resistance 


fast- 
cure; 
high 
torque 


Caps 
and 
closures, 
esp. for 
products 
contain- 
ing 
alcohol. 


Washing machine 
agitators, pumps, 
valves, other partsin 
contact with water; 
pieces requiring ex- 
ceptional corrosion 
resistance. 


existing patent. 


rigid 


72; 92; 93LS; 103 


polyester 


cloth 
1.93 


mat 


1.77 


+0.10 

16 
37,200 
21,700 
23,600 


+0.04 


68,700 
40,400 
35,900 
1.9 x 10°] 3.1 x 10° 
self-ext. 
0.10 


self-ext. 
0.12 


55 60 


110 


72 and 103 have 
good high-temp. 
properties. 

92 is most fire- 
resistant, 93LS is 
light-stabilized 


Machine housing, 

boat hulls, electrical 
insulatingboard,ra- 
domes, aircraft parts, 
structural panels, 

tanks, ductwork, sky- 
lights, industrial and 
commercial glazing. 


No warranty or guarantee is made regarding 
performance or stability of any product. No sug- 
gestion for product use shall be construed as a 
recommendation for its use in infringements of any 


semi-rigid premix molding 


31; 32A 32A; 92 


polyester polyester 


cloth 
1.90 


mat 


1.76 


2.05 


+0.10 | +0.05 ~ —O.14 
16  .  —— 


41,800 | 55,100 ~ 33,000-38,000 
21,700 | 40,400 


~~ 10,000-16,000 
23,600 | 37,500 v3 


1.6 x 10°| 3.0 x 10° 2.5-2.8x108 


self-ext. 
_ 0.15 


self-ext. 


self-ext. 


no ignition 


55-60. 50-60 


110 


32A and 31 have 
good impact and 
craze resistance 
plus excellent 
moldability 


properties 


Automotive and 
truck body panels 
and structural mem- 
bers, boat hulls, ma- 
chine housings; gel 
coats for hand lay- 
up parts. 


High strength molded 
parts 





PLASTICS bonding and coating resins 





(So 
ee 


t 
These thermosetting phenolic resins are 9 


— 
‘4 


supplied in the form of lumps, powders, 
liquids, solutions, and emulsions. 


—_ : : . : shell molds and shell cores rubber compounds and sol wood article bond 
l sed as bonding and impregnating for —_ castings provide vent nee are improved Wood flour or course one 
- — 3 . tee excellent pattern detail and with Durez resins. Small wood is mixed with Dur 

agents, they impart mechanical strength, high strength when bonded encents produce herd, od sesias to form denen, sivene 

water resistance, heat resistance, electri- oe Cone ey eae compounds; —strong-gripping boards, sheets, and molded 


cements. shapes that resist warpage 
cal insulation characteristics, frictional 


stability, resistance to solvents, mild acids 
and alkalies. 

In most applications temperatures of 
250-350°F are necessary to harden them, 
and generally pressure is also required. 
Their versatility allows them to be used 
in the manufacture of many different 
products made by a variety of processes. 


. . . : lectronic component r brake linings, brake blocks wick, low-cost casting of 
Ww ava ’ e p $s ore igs, ° q ' , 9g 
A wide choice of resins is available ealeuet ents cians tone Gath tedaes tended ott cn wane & 


possible 
In addition, standard resins may be modi- and moisture-resistant coat Durez resins resist heat, wa- with Durez casting 


resin 
ings made with a Durez ter, grease, have uniform No pressure is used; only o 
fied to develop properties needed for new es: SeNeeEee coefficient of friction. mild bake is required. Mey 

I I be used for foundry patterns 
applications. Inquiry is invited. 


abrasive bonding Grinding corrosion-resistant mortars laminates Durable sheets, 
wheels, abrasive disks, and Special mortors that must tubes, formed shapes ore 
abrasive papers bonded with withstand both acids and made by impregnating poper 
Durez resins give long satis- alkalies employ Durez fur- or fabric with Durez resin 
factory service. furyl-alcohol resins. solutions, then pressing. 





Many coatings and finishes are improved by formulation with Durez 
phenolic resins. The resins produce wax emulsions and floor dressings 
having excellent qualities of water resistance, wearability, slip resistance, 
and gloss retention. 





Many varnishes and enamels are made with Durez resins. In brush- 
ing and spraying finishes, the resins add durability and resistance to 
acids, alkalies, and water. 

Durez resins also impart desirable properties to heat-set and gel-type 
printing inks and overgloss varnishes used in printing. 


DUREZ PLASTICS DIVISION 
HOOKER CHEMICAL CORPORATION HOOKER 


888 Walck Road, North Tonawanda, N. Y. CHEMICALS 
sales offices PLASTICS 


in New York, Chicago, Detroit, Philadelphia, Los Angeles, Kenton, Ohio. 


Form No. 0400-S-58 Printed in U.S.A. 





Cary orrers 


Unlimited Facilities 
in supplying your 
PVC RESIN Anp 

PVC COMPOUND 


requirements — 


Flemington, N. J. Plant: 
PVC Resins 


PVC Compounds: 
E. Brunswick, N. J. Plant 


BLACAR 
P\ ¢ Re sins & 
PVC ¢ sompou nds 


To help you get better production—improved process- For electrical applications calling for UL approval — 
ing — and cost reductions — Cary offers a superior line Cary offers BLACAR 2600 and 2700 Compounds. 

of BLACAR PVC RESINS, and COMPOUNDS. Blacar 

Resins in low, intermediate and high molecular weights Where special requirements are to be met— 
are available for all general extrusion, calendering, CARY CAN CUSTOM FORMULATE TO YOUR MOST 
and molding applications— including rigids. EXACTING NEEDS. 


Doctetont assistance is available at all times—literature will be sent upon request. 


si ' vinyl Resins , 
Vinyl Compounds 
CARY 
Cn CKemical, Sh Viny! Plasticizers 


CHEMICALS © sup Checking Waxes 
. BOX 1128, NEW BRUNSWICK, NEW JERSEY 


me, it Plont: RYDERS LANE, EAST BRUNSWICK, NEW JERSEY [jesneemieeelia 
CHarter 9-8181 " High Melting Point 
S tic Waxes 


Gilsonite Compounds 


Canadian Representative: Lewis Specialties, Ltd., 18 Westminster North, Montreal 28, Que. 








Plastics problem got you down? 


Get help in a hurry from 
your Encyclopedia Issue! 


EXAMPLE: Where and how to use resins and 


molding compounds? 


. See the section “Resins and Molding Compounds” 


for all the fundamentals. Also see the materials 
charts and supplier lists in the “Technical Data” 
section. 


2. Then check the Advertisers’ Index—on the first 


page of the “Resins . . .” section—for suppliers’ 
ads on resins, coatings, emulsions, etc. 


3. Secure additional names and addresses of sup- 


pliers from extensive Buyers’ Directory lists in 
the back of the book. 


. Consult the front-of-book Editorial Index for 


detailed cross-referenced listings of subjects re- 
lated to your particular inquiry. 


5. Check through the “Manufacturers’ Free Litera- 


ture” Section, select all possible helpful publica- 
tions, and send for them with enclosed post cards. 


EXAMPLE: How to color plastics? 


l. 


See the section “Chemicals for Plastics” for com- 
plete background. 


2. Next, refer to the front-of-book Editorial Index 


on the first page of the section for ads relating to 
your specific needs. 


3. Check the Buyers’ Directory for a detailed listing 


of suppliers of dyes, colorants, pigments, inks. 


. Consult the front-of-book, Editorial for detailed 


cross-referenced listings of subjects related to 
your particular inquiry. 


. Check through the “Manufacturers Free Litera- 


ture” Section, select all possible helpful publica- 
tions, and send for them with enclosed post cards. 


EXAMPLE: How to design a product—then get 


it made? 


. Get the basic facts in the section “Engineering 


and Methods”. 


2. Then for molder and special service advertise- 


ments, see the Advertisers’ Index on the section’s 


first page. 


3. Next, examine the Buyers’ Directory for addi- 


tional names and addresses of molders, extruders 
and service organizations. 


. Consult the front-of-book Editorial Index for 


detailed cross-referenced listings of subjects re- 
lated to your particular inquiry. 


5. Check through the “Manufacturers’ Free Litera- 


ture” Section, select all possible helpful publica- 
tions, and send for them with enclosed post cards. 


EXAMPLE: Which machinery to buy? 


1. Turn to the section “Machinery and Equipment” 


for a complete picture of the factors involved. 


2. Then see the Advertisers’ Index on the first page 


of this section and select ads whose messages 
bear on your problem. 


3. Get further information—names and addresses of 


machinery, machine tool and equipment manu- 
facturers—in the time-saving Buyers’ Directory 


4. Consult the front-of-book Editorial Index fo 


detailed cross-referenced listings of subjects re 
lated to your particular inquiry. 


. Check through the “Manufacturers’ Free Litera 


ture” Section, select all possible helpful publica 
tions, and send for them with enclosed post cards 


The Encyclopedia is expressly designed to help you solve your problems. 
Reach for it next time you need help and see how valuable it can really be! 


MODERN PLASTICS ENCYCLOPEDIA ISSUE 


... for fast, accurate answers to plastics problems 
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IN THIS SECTION 


Foamed Vinyls 

Foamed Polyurethanes 

Fabricating Flexible 
Urethane 

Cellular Cellulose 
Acetate . 


Expanded Polystyrene 
Expandable Polystyrene .... 
Cellular Polyethylene 
Foamed Phenolics 

Foamed Silicones 

Foamed Epoxies 





[. the light of recent develop- 
ments in the field, foamed plas- 
tics now stand out as one of the 
most exciting and fastest grow- 
ing segments of the plastics in- 


FOAMED VINYLS 


dustry. As a guide to the activi- 
ties in this complex area, this sec- 
tion is devoted to a complete re- 
view of all commercially available 
rigid and flexible foams. 





Applications 
(Open Cell) 
BY HENRY E. ALLEN* 


Several types of expanded or 
cellular vinyl materials are in- 
cluded under the general term 
vinyl foam. Except for certain 
fundamental vinyl properties, 
these various foam products have 
comparatively little in common. 
However, because they are all 
based on straight polyvinyl chlor- 
ide resin or on a copolymer resin 
consisting chiefly of vinyl chlor- 
ide, vinyl foams share the char- 
acteristics in which vinyl prod- 
ucts normally excel: toughness, 
chemical resistance, good aging, 
and fire resistance. These basic 
properties, which have accounted 
for the enormous growth and di- 
versification of the vinyl industry, 
are also responsible for the rapid 


Div. of 


* Manager, Vinyl Foam, Bakelite Co., 
) 42 St.. New 


nion Carbide Corp., 30 
York 17, N 

Recent Developments and References were 
prepared by the editors 


development during the past few 
years of the foamed products. 
Once one has accounted for 
these general vinyl characteris- 
tics, it is more appropriate to 
classify the various types of ex- 
panded vinyls by comparing them 
with foams of different chemical 
constituency. For example, closed- 
cell, flexible vinyl foam function- 
ally resembles closed-cell or cel- 
lular expanded rubber, although 
possessing in addition the inher- 
ent vinyl advantages of better 
aging properties, chemical resist- 
ance, and fire resistance. Simi- 
larly, open-cell, flexible vinyl 
foam functionally resembles both 
latex foam rubber and flexible 
urethane foam, but again pos- 
esses important characteristics 
which differ from each of 
them (e.g., it is a thermoplastic 
while the other flexible foams are 
thermosetting). Certainly, the 
functional physical properties of 
rigid vinyl foam, which also may 


be of both the closed- and open- 
cell type, have little in common 
with flexible vinyl foam, but in- 
stead must be considered in rela- 
tion to foamed styrene, cellular 
cellulose acetate, and rigid ure- 
thane foam. 

Accordingly, it would appear 
that the use of the broad, general 
term vinyl foam to describe both 
rigid and flexible, as well as 
closed-cell and open-cell, ex- 
panded vinyl materials is often 
confusing to people outside of the 
industry. It is to be hoped that 
this question of terminology can 
be clarified in the next few years. 
Either the term vinyl foam should 
be restricted to open-cell, flexible 
vinyl foam, or it should continue 
to be used to cover all types of 
expanded vinyl with the qualifi- 
cation that it should always be 
classified as to type by inclusion 
of the adjectives open-cell or 


closed-cell and rigid or flexible. 


Expansion techniques 


Vinyl plastisols are foamed by 
both chemical and mechanical 
processes. In the former process, 
a chemical additive is mixed with 
the plastisol. At fusion tempera- 
tures, the additive releases a gas 
(usually nitrogen) which creates 
the foam. In the mechanical proc- 
ess, an inert gas (usually carbon 
dioxide) is mixed directly with 
the plastisol under pressure. 

In the mechanical process for 
the production of foam in com- 
mercial quantities', specially pre- 
pared plastisols are metered into 
a continuous mixing unit, where 
they absorb carbon dioxide under 
pressure. The amount of gas ab- 


1 Elastomer process, U.S. Patent 2,666,036. 
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A methy! silicone fluid (SF-96 [40], General 
Electric Co.) is used in urethane foams to 
stabilize foaming and produce uniformity of 
cell structure and density. It may also be used 
to control cell sizes of polyurethane foams. 


Dielectric sealing equipment (Dynatherm 
Div., Guild Electronics), for bonding both 
polyester- and polyether-type flexible ure- 
thane foams, creates a bond at least as strong 
as the material itself. Vinyl foam can be heat- 
sealed with the same equipment. 


An open-cell vinyl foam (No. 738, Foam King, 
Inc.), suitable for electronic heat-sealing to 
cloth or vinyl sheeting, has low plasticizer con- 
tent and low lubrication to prevent plate out 
on dies. Other properties are good resilience, 
fine and uniform cell structure, fire retardancy, 
and freedom from odor. 


An improved polyether-based resin and cata- 
lyst system (Chase Chemical Corp.) produces 
low-density flexible polyurethane foams with 
physical characteristics approaching those of 
foam rubber. The foams set and are tack-free 
5 min. after pouring, and cure in 10 min. with- 
out the use of heat or pressure. 


A modified glycol-polyadipate (RC Polyester 
F-1, Rubber Corp. of America) is specifically 
designed for reaction with diisocyanates to 
produce urethane flexible foams and films. It 
is suggested for either prepolymer or straight 
blending formulations. 


A blowing agent for plastics and rubber 
(Kempore R-125, National Polychemicals, 
Inc.), based on hydrazine, is nontoxic, safe to 
handle, and does not support combustion. It 
produces odorless, nonstaining, nondiscoloring, 
closed-cell sponge of low density and with fine 
and uniform cell structure. 


A polyester foam resin (Dulux, DuPont Fin- 
ishes Div.), used to make rigid urethane foams 
for heat insulation and soundproofing, can be 
foamed-in-place to form an integral part of 
the structure, with good strength, good aging 
characteristics, high moisture resistance, and 
excellent insulation properties. 


A high-strength, quick-grab, fast-drying, 
trowelable mastic (Bondmaster G458, Rubber 
& Asbestos Corp.) bonds rigid and semirigid 
plastics foams to themselves and to other ma- 
terials, such as wood and metals. The product 
contains a special solvent blend, formulated to 
minimize or eliminate cell collapse due to at- 
tack on the surface of the foamed styrene. It 


resists humidity and freezing temperatures, and 
does not give or transmit objectionable odor or 
taste properties to foods stored in refrigerators 
using the new bonding agent. 


Expandable polystyrene beads (Pelaspan, Dow 
Chemical Co.) exhibit uniform size, wide mold. 
ing range with good surface, and a short heat- 
ing-cooling cycle during molding. They can be 
foamed-in-place to take the shape of their con- 
tainer. They are used primarily as insulation 
and also for packaging, flotation, floral decora- 
tion, novelties, and toys. 


A machine for foaming-in-place (Nopcometer, 
Nopco Chemical Co.) of rigid and flexible 
urethane formulations is available on a lease 
basis. 


A silicone additive (EF-4527, Dow Corning 
Corp.) gives flexible urethane foams a smaller, 
more uniform cell structure. The material is an 
oil-in-water 50% emulsion of silicone fluid 
and may be dispersed into a wide variety of 
commonly used catalysts. 


A one-part epoxide foam (Eccofoam DPT, 
Emerson & Cuming, Inc.), supplied in a form 
resembling damp sand, is packed or tamped 
into the cavity to be filled and then cured at 
moderately elevated temperature. If packing is 
done with care, the finished foam is extremely 
fine and uniform. Its adhesion to plastics, met- 
als, and ceramics is generally good. The foam 
is used to embed electronic assemblies, as 
thermal insulation, and in sandwich structural 
applications. It can be used to fill honeycomb 
for reinforcement. 


Two new resins (Pelron Resins 9504 and 9524, 
Pelron Corp.), of different viscosities, produce 
flexible polyurethane foams of the polyether 
type. The resilient foams have excellent aging 
and compression set properties. Another resin 
(Pelron Resin 9622) for producing rigid foam 
is classed as a quasi-prepolymer type and is 
supplied in two parts. The foam has excellent 
sound and heat insulation properties, as well 
as excellent high-temperature resistance. It is 
over 95% closed-cell. 


Urea formaldehyde open-cell resin foam 
(Uropor, W. H. Kreidl) is available in densi- 
ties of 0.4 to 0.8 lb./cu. foot. Pore volume is 
99 to 99.5% of total volume. At 10 p.s.i., foam of 
density 0.6 lb. will be compressed to 10% of its 
volume but will re-expand to 100% of previous 
volume within 5 minutes. Applications include 
packaging, insulation boards, and foamed-in- 
place insulation. 
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sorbed can be varied by regulat- 
ing the temperature at which the 
mixing takes place. When the 
mixture is allowed to escape 
through a nozzle at atmospheric 
pressure, it foams—the reaction is 
similar to the release of instant 
shave lather from an aerosol can. 

Foamed vinyls may be pro- 
duced by this method as either 
molded or slab stock. In produc- 
ing molded stock, the plastisol- 
gas mixture is injected into a 
mold where the foaming takes 
place. The mold is raised to fu- 
sion temperature (approx. 360° 
F.) in a conventional, circulating 
hot-air oven. The mold is then 
cooled and opened and the fin- 
ished piece stripped out. 

Slab stock is produced by 
spraying the plastisol-gas mix- 
ture onto a moving belt which 
carries the foam through a high- 
frequency fusion oven and then 
through a conventionally heated 
postfusion oven. This last step 
compensates for exterior heat 
losses during the high-frequency 
radiation. After cooling, the foam 
is cut into 72-in. lengths for ship- 
ment as slab stock. If sheet stock 
is desired, the foam may be sliced 
horizontally into thicknesses of 
Mie to 4 in. and wound on rollers. 
Sheet stock is available up to 56 
in. wide and 35 ft. long. 

Both these mechanical proc- 
esses produce a flexible foam with 
interconnecting rather than closed 
cells. 


Properties 


Of the expanded or cellular 
vinyls on the market today, the 
flexible, open-cell foam is being 
produced in the greatest volume. 
The versatility of the plastisol, 
upon which this foam is based, is 
evident in the end-properties of 


flexible, open-cell foam. The 
characteristics of the basic vinyl 
resin can be varied with the use 
of a wide range and combination 
of plasticizers. Modifications of 
both the plasticizer-to-resin ra- 
tio and of ingredients in the plas- 
ticizer system also contribute to 
the versatility of this material. 
Other properties may be varied or 
modified by regulating foaming 
process conditions without chang- 
ing the plastisol formulation. 
Foam density, for example, can 
be controlled by the relatively 
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Open-cell vinyl foam as 
seating material offers fire 
resistance, ease of mainte- 
nance, and seating comfort. 
(Photo, Bakelite) 


simple process of controlling the 
temperature at which the gas and 
plastisol are mixed. 

Comfort: The most important 
cushioning properties of any 
open-cell, flexible foam are com- 
fort and durability. Adequate 
methods of measuring these prop- 
erties are still being developed. 
As far as comfort is concerned, 
however, the consumer prefers a 
combination of softness and firm- 
ness plus. resilience without 
bounciness. But a laboratory sys- 
tem of evaluating these qualities 
has so far evaded the engineers. 
Tentative specifications and test 
procedures have been suggested 
for measuring compression resist- 
ance and indentation load deflec- 
tion. But load-compression ratios 
are not constant and the single 
point readings in these tentative 
procedures only measure hard- 
ness, not the actual feel or resili- 
ence the consumer wants. Despite 
these difficulties, experience and 
service-testing have proved that, 
with careful formulation, this 
foamed vinyl provides the desired 
cushioning characteristics. It has 
worked equally well in the com- 
paratively soft and springy cush- 
ioning for home furniture and the 
firmer, more energy-absorbing 
cushioning for transportation 
seating, where road and roadbed 
conditions have a major effect on 
comfort. 

Durability: Cushioning made 
from flexible, open-cell foamed 
vinyl must retain its original di- 


mensions and maintain its load- 
carrying ability if it is to remain 
serviceable. Permanent set is the 
reduction of thickness of a foam 
cushion under constant use. Loss 
of compression or load-carrying 
ability refers to the softening of a 
cushion under constant flexing. 
Actual service-testing has indi- 
cated that flexible, open-cell 
foamed vinyl is remarkably re- 
sistant to both permanent set and 
loss of compression. Here again, 
laboratory tests have been mis- 
leading. Standard tests for per- 
manent set and loss of compres- 
sion are based on application to 
thermosetting materials and re- 
sults of their use on a thermoplas- 
tic foam such as vinyl have not 
developed a true picture of this 
material. 

Foamed vinyl, as a thermoplas- 
tic, has shown varying hardness 
under varying temperatures. 
Careful formulating, however, 
has resulted in foams which show 
a comparatively flat temperature- 
hardness curve under all but ex- 
treme temperature conditions. 

Properly fused, flexible, open- 
cell foam exhibits outstanding ag- 
ing and strength characteristics. 
It does not oxidize, dry out, or 
harden. Even during prolonged 
periods at 100% humidity and 
elevated temperatures, it has not 
been subject to hydrolysis. It is 
highly resistant to most inorganic 
acids, alkalies, oils, greases, ali- 
phatic hydrocarbons, and alco- 
hols. Its excellent color retention 
is important in many nonseating 
applications where one or more 
surfaces of the foam may be vis- 
ible. Fabricated in white or col- 
ors, it has shown no tendency to 
fade or darken. 


Fabricating techniques 


The finishing processes which 
turn this foam into an end prod- 
uct are uncomplicated and eco- 
nomical. It lends itself readily to 
electronic heat-sealing, emboss- 
ing, printing, and hot-wire cutting 
techniques. 

There are five fabricating tech- 
niques currently in use commer- 
cially. Other techniques now in 
the development stage include 
extrusion, adhesive- and heat- 
type laminations, and direct ap- 
plication of foam to other ma- 
terials as a backing. Present 
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commercial methods and the vari- 
ous end-products produced are 
discussed below. 

Core- and _ contour-molding: 
Cushioning products make up the 
most familiar and _best-estab- 
lished market for flexible, open- 
cell foamed vinyls. The vinyl ma- 
terial of which these cushions are 
made is injected as a wet foam 
into lightweight aluminum molds. 
The foam conforms readily to the 
contours on the mold’s inner sur- 
face. Hollow pins projecting in- 
ward from the mold cover plate 
form the core holes which control 
the weight-resilience relationship 
of the finished piece. After fusion 
and cooling, the cushion strips 
readily from the mold. 

Integral-skin (textured-sur- 
face) molding: Cored and con- 
toured cushions with a textured 
surface may be molded so that 
foam and surface skin are an in- 
tegral unit. The skin may have an 
unlimited number of surface de- 
signs and colors. In this process, 
a cored and contoured mold has 
the desired pattern cast or formed 
into one or more of its internal 
surfaces. Then an wunexpanded 
plastisol of the desired color is 
brushed, sprayed, or slush molded 
onto the preheated mold surface. 
An unexpanded skin of the indi- 
cated pattern and color is thus 
formed. Foam is then added, the 
mold cover plate is positioned, 
and the entire assembly is fused, 
cooled, and stripped as one unit. 
Integral-skin molding can, in this 
way, eliminate the entire hand- 
upholstery operation in the man- 
ufacture of cushioning products. 

Slab or sheet trimming: Design 
requirements for furniture and 
transportation seating often pre- 
vent the use of thick molded 
cushioning. Slab or sheets of flex- 
ible, open-cell foamed vinyl are 
particularly adaptable to these 
applications since they are easily 
trimmed to size with conventional 
methods. The fire resistance of 
foamed vinyls plus their comfort 
and resilience have led to their 
use in such applications as the 
Budd “Pioneer III” railway car. 

Electronic heat - sealing: The 
production of many large-volume 
consumer products involves large 
mold investments, comparatively 
long heating cycles, high scrap 
rates, and complicated die-cut- 
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ting and sewing techniques. Flex- 
ible, open-cell foamed vinyls are 
readily and inexpensively fabri- 
cated into finished products with 
electronic heat-sealing processes 
where the only fixed investment 
is in a heat-sealing press and air 
compressor. The dies in this ma- 
chine are extremely inexpensive, 
ranging as low as $50, depending 
upon their size, number of cavi- 
ties, and complexity. Standard 
heat-sealing units can be used to 
form such varied end-products as 
sponges, brushes, sun visors, arm 
rests, and many other products. 
Tear-seal dies may also be used 
to eliminate expensive die-cut- 
ting and hand-trimming. 

Electronic heat-sealed lami- 
nates: Sandwich-structure lami- 
nated products may be fabri- 
cated with large-volume capacity, 
highly automated quilting ma- 
chines. The most successful prod- 
uct of this type is composed of a 
top surface of vinyl-coated fabric, 
an inner cushioning layer of 
foamed viny] in the desired thick- 
ness, and a backup layer of a 
heavy duck fabric. This construc- 
tion has been widely used in the 
furniture and automotive uphol- 
stery fields. 

These are the important prop- 
erties, applications, and fabricat- 
ing techniques for mechanically 
blown, flexible, open-cell foamed 
vinyl. 

Rigid foamed vinyls are used 
in the surprisingly large market 
for flotation equipment such as 
buoys and fish floats, where rug- 
gedness, buoyancy, and weather 
resistance are necessary. Wider 
use of rigid foamed vinyls in the 
building industry as an insulating 
material depends on the evolution 
of lower raw material and process 
costs. 


(Closed Cell) 
BY PHILIP C. DAIDONE* 


Jn discussing closed-cell vinyl 
foam applications, it is convenient 
to classify the foams into density 
types, since the uses of closed-cell 
vinyl seem related to the density 
requirements of particular appli- 
cations. Applications requiring 
low density (3 to 10 lb./cu-ft.) are 
properly assigned to pressure- 


* Research Director, Foam King, Inc., 1816 
Boston Rd., New York 60, N.Y. 


blown vinyl, while applications 
requiring medium to high densi- 
ties (10 to 45 lb./cu-ft.) generally 
use atmospherically-blown 
closed-cell vinyl. The latter vinyl 
foams are made in situ or pre- 
foamed into slab stock. 


Pressure-blown vinyl 


Pressure-blown vinyl is made 
in semirigid or flexible molded 
shapes. The semirigid closed-cell 
vinyls have excellent shock-ab- 
sorbing properties, tear resistance, 
abrasion resistance, and are also 
resistant- to the action of gas, oil, 
lime, salt water, and acids. For 
this reason they are being used 
for marine applications, such as 
fish net floats, boat fenders, life 
buoys, buoyancy tanks, flutter 
boards, and as a substitute for 
Kapok in life jackets. 

Semirigid closed-cell vinyl has 
a K factor of about 0.27. This sug- 
gests its use in insulation for 
trucks, railway cars, refrigerated 
rooms, and shipping and storage 
boxes. 

The flexible closed-cell pres- 
sure-blown vinyls have also been 
used for their buoyancy and insu- 
lating value. As a lining for cloth- 
ing worn by pilots, the foam helps 
keep downed pilots afloat and in- 
sulates them against the cold. Use 
of this type of material has also 
been made in protective wear, e.g., 
helmets, shoulder pads, and knee 
pads. 

Although the pressure-blown 
vinyls are excellent products, they 
are necessarily limited with re- 
spect to size. Where larger sec- 
tions are required, the user of 
closed-cell vinyl may look to the 
atmospherically-blown vinyls to 
fill the need. This of course in- 
volves a compromise in density, 
but not necessarily in quality. 


Atmospherically-blown vinyl 


There are two systems for pro- 
ducing atmospherically - blown 
closed-cell vinyls—the postfusion 
and the prefusion expansion tech- 
niques. The former systems in- 
volve_ stable  plastisols com- 
pounded with blowing agents 
which decompose at the fusion 
temperature, while the latter in- 
volve less-stable plastisols that 
will foam at minimum tempera- 
tures near 175° F., but gas slowly 
at room temperature. It is possi- 
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Closed-cell vinyl foam applications include buoyancy tank, fabri- 
cated buoyant blocks, and ring buoy—all taking advantage of ma- 
terial’s flotation properties. (Photo, Robinson Moulded Products) 


ble, however, to market the latter 
in a two-package product, in 
which the buyer mixes the in- 
gredients prior to use. Since the 
gas is liberated very slowly, the 
plastisols can stand more than two 
weeks and still give good results. 

Applications for postfusion ex- 
pandable plastisols have evolved 
from their ease of application 
either by spraying, knife- or 
roller-coating, hot-dipping, cold- 
dipping, slush molding, and cast- 
ing. It has been useful to apply 
and foam these products to metal 
sheet and to fabrics. The densi- 
ties obtained range from about 
15 lb./cu.ft.‘and up. The thickness 
obtained is very uniform, but it is 
difficult to blow uniformly in sec- 
tions greater than % to % in. 
thick. One of the most widely 
known applications for postfusion 
expandable plastisols is in form- 
ing in situ gaskets for refrigera- 
tor doors and drum liners. In both 
cases, the closed-cell foams form 
an excellent seal. Use of this type 
of product has been made also in 
the weather-stripping field. The 
excellent weathering properties of 
vinyl are an added incentive for 
this application. 

The prefusion expandable plas- 
tisols will give good closed-cell 
vinyls with densities ranging from 
10 lb./cu.ft. and up. The extra at- 
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traction in this system is the ease 
of manufacturing slab stock in 
thicknesses exceeding 2 inches. 
The foams thus produced offer ex- 
treme uniformity. Because of the 
recent developments in prefusion 
expandable plastisols, the markets 
for closed-cell foams made by this 
process are now beginning to take 
hold. 

Very promising uses are in the 
shoe industry. This product is 
currently being used as an arch 
support. Other intended uses in- 
clude slipper soles and inner soles. 
The final disposition in the latter 
applications will depend upon the 
price structures which develop. 

Other uses are being made in 
molded items, such as grommets 
and earphone pieces. The latter 
are generally made from high- 
density foams which are easily 
molded. 


Techniques 
BY PETER S. WEILL* 


Expanded polyvinyl chloride 
falls into two classifications: uni- 
cellular (closed-cells) and inter- 
connecting (open-cells). The per- 
centage of closed or open cells 
present in the foam product can 
be measured by immersing the 
* Marvinol Development Engineer, Naugatuck 


Chemical, Div., United States Rubber Co., 
Naugatuck, Conn. 


expanded polyvinyl chloride ma- 
terial in water under vacuum and 
determining the amount of water 
that is absorbed (A.S.T.M. D- 
1056-54T). 

Several techniques are used to 
produce expanded vinyls. The 
first involves the use of chemical 
blowing agents. The products in 
this case are generally called 
sponges. Both open-cell and 
closed-cell expanded vinyl can be 
produced by this method. The 
second technique consists of the 
incorporation of an inert gas in a 
plastisol by dispersion or solu- 
tion, and the product is called 
foam. 

The more important blowing 
agents used in expanded vinyl 
processes are nitrogen-producing 
compounds. The mechanism of the 
release of gas is generally one of 
chemical decomposition caused by 
heat, which evolves gas and forms 
thousands of tiny bubbles in the 
vinyl. Two main processes are 
used for the production of ex- 
panded vinyls with blowing 
agents: closed blow (for unicell- 
ular products) and atmospheric 
blow (for products with inter- 
connecting-cell structure). 


Closed blow 


The first process uses a closed 
mold in which relatively thick 
sections of unicellular (closed- 
cell) vinyl are produced. These 
sections can be sliced to what- 
ever thickness is required. In 
the closed mold technique, the 
molded articles retain the details 
and proportions of the mold, even 
though the expansion is com- 
pleted outside the mold. 

Extreme caution should be 
taken when blowing in a closed 
mold since very high pressures 
can be developed when the blow- 
ing agent decomposes. The mold 
should be made from sturdily 
constructed metal in order to 
withstand the high pressure de- 
veloped by the blowing agent. A 
safety factor, covering the pos- 
sibility of added pressure from 
vinyl breakdown through an im- 
properly stabilized system, must 
also be taken into account when 
using this technique. 

The recipe used in preparing 
closed-cell vinyl sponge varies to 
some degree, depending upon the 
end-use requirements. In general, 


FOAMED PLASTICS 





the recipes consist of vinyl resin, 
plasticizers, a chemical blowing 
agent, and stabilizers. A starting 
point recipe is: 


Marvinol VR-10 

Di-2-ethylhexy! phthalate (DOP) 

Barium-cadmium stabilizer 
(Advance BC-105) 3.5 

Celogen 12.5 

Celogen AZ 12.5 


100.0 
130.0 


258.5 


Densities of 4 to 6 lb./cu. ft. are 
obtained with this formulation. A 
formulation such as shown above 
may be prepared with all the in- 
gredients ground on a paint mill. 
The mold is then filled with the 
paste and clamped in a steam- 
heated press. A typical cycle for 
a l-in. thick frame is 15 to 25 
min. at 320 to 350° F. This is an 
average cycle and will vary with 
the formulation. For a %-in. 
frame, the same temperature is 
used but the cycle is cut approxi- 
mately in half. Mold heat capaci- 
ties and the method of heating 
will, of course, determine the var- 
iation in the fusion cycle. In gen- 
eral, however, it is advisable to 
obtain uniform fusion throughout 
the plastic matrix before de- 
composition of the blowing agent 
takes place. 

Following the fusion and blow- 
ing steps, the closed mold should 
be cooled. The center of the plas- 
tic mass should be well below 
200° F. before the mold is opened; 
otherwise, the stock will be so 
soft that it may rupture. 

When the piece is released from 
the mold, it will be partially ex- 
panded. It may then be brought 
to its maximum expanded size by 
heating for approximately 1 hr. at 
215 to 220° F. in an air-circulat- 
ing oven. Annealing, which is 
generally beneficial to the dimen- 
sional stability of the finished ex- 
panded piece, may be done by 
subjecting the piece to tempera- 
tures of 130 to 150° F. for several 
hours. 


Atmospheric blow 


The second method of produc- 
ing expanded vinyl by the use of 
blowing agents is called the “free 
blow.” This method involves cast- 
ing in an open mold or coating a 
suitable web with vinyl dispersion 
in which a blowing agent has 
been mixed. The vinyl material 


FOAMED POLYURETHANES 


is then fused at oven tempera- 
tures of 330 to 400° F. and allowed 
to expand at atmospheric pres- 
sure, Free blow expanded vinyl 
generally contains some inter- 
connecting cells, although 100% 
unicellular foams are possible. 

Plastisol for this method may 
also be stirred in or ground on a 
paint mill, but the formulation is 
slightly altered from the one 
offered in the closed-blow tech- 
nique. A solvating-type of plasti- 
cizer is generally necessary to 
insure fast fusion. The blowing- 
agent content is usually much less 
than the amount used in the 
closed-blow method. A starting 
point recipe would be as follows: 
Marvinol VR-50 or VR-51 100.0 
Diisoocty! phthalate 100.0 
Dipropylene glycol 

dibenzoate 20.0 
Dythal 3.0 
Celogen AZ 0.5— 1.5 


223.5—224.5 


Densities of 15 to 20 lb./cu. ft. 
are normally obtained with this 
formulation. Open-cell chemically 
blown vinyl is used extensively 
as thermal insulation in slush 
molded plastisol footwear. 


Mechanical blow 


The second major technique of 
expanding vinyl is based on the 
incorporation of an inert gas in 
a plastisol by mechanical action 
or by solution in the plasticizer. 
This product is called vinyl foam. 
A process patented by the Elas- 
tomer Chemical Corp. utilizes this 
technique for making intercon- 
necting-cell vinyl foam. With this 
process, a wide range of cell 
structure, resilience, low-temper- 
ature flexibility, and load-carry- 
ing properties can be obtained. 
In the Elastomer process the 
liquid vinyl] plastisol is thorough- 
ly mixed with an inert gas, such 
as carbon dioxide, or nitrogen, at 


a pressure of 300 to 500 p.s.i. A 
means of cooling is provided dur- 
ing the agitation in order to in- 
crease the solubility of the inert 
gas in the plastisol. The foamed 
plastisol, the appearance of which 
is like whipped cream, is re- 
leased through a nozzle into a 
mold, or deposited on a moving 
forming belt, and leveled by a 
doctor blade before passing 
through a dielectric heating unit 
where it is gelled and fused. 

A typical rate of production 
that has been quoted for vinyl 
foam slab, 2 in. thick, is 400 Ib. /hr. 
on a conveyor speed of 1% 
ft./minute. The finished foam is 
cut and split to the desired size 
of stock and wound on rollers 
for storage. By the use of the 
Elastomer method, continuous 
production of open-cell vinyl 
foam, in the density range of 5 to 
7 Ib./cu. ft., is commercially prac- 
tical. Sheet stock is now available 
60 in. wide up to 4 in. thick. 

The Fay Foamer Process, de- 
veloped by Dennis Chemical Co., 
utilizes the solubility of the CO, 
gas and incorporates it in the 
plastisol in a counter-current ab- 
sorption column. Plastisol is 
pumped into the top of the tower 
and allowed to trickle down over 
packing. CO, is introduced into 
the tower under the packing and 
moves upward until dissolved in 
the plastisol. The pressure (below 
100 p.s.i.) maintained in the col- 
umn controls the density of the 
vinyl foam. For low-density vinyl 
foam production, a _ two-stage 
absorption unit is recommended. 
The foamed plastisol is then ap- 
plied and fused in the same man- 
ner as described above. 

Mechanically blown vinyl foam 
can readily be compounded to fire 
retardancy. The open-cell struc- 
ture of vinyl foam “breathes” and 
therefore has found considerable 
use in the cushioning field. 
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Applications 
BY J. J. REED* 


Urethane foams are produced by 
reacting diisocyanates with a 
suitable polyol or a mixture of 
polyols. Those most frequently 


used are castor oil and hydroxyl- 
containing polyesters and poly- 
ethers. Each type has its specific 
advantages and limitations (see 
124). 

Foaming is caused by carbon 


“Isocyanate Resins,” p. 


* Product manager—Isocyanates, National Ar 
iline Div., Allied Chemical Corp., 40 Rector 
St., New York 6, \ 








Urethane foam used as 
insulation for heater hous- 
ings is easily applied on 
assembly line. (Photo, Gen- 
eral Tire & Rubber) 


dioxide, which is liberated in- 
ternally when measured amounts 
of water are added to the isocy- 
anate-polyol mixture. Depending 
on the type of polyol selected and 
its ratio to isocyanate, either 
flexible, semirigid, or rigid foams 
may be obtained, with densities 
ranging from less than 1 to den- 
sities that run up to more than 
40 lb./cu. foot. 


Flexible foam 


By far one of the most impor- 
tant fields of application is furni- 
ture cushioning and upholstering. 
Polyester-based urethane foams, 
which were the first introduced, 
are now being superseded in 
some types of seat cushions by 
polyether foams, primarily be- 
cause the latter have a compres- 


sion-deflection curve very similar 
to that of foam rubber. They 
“feel” more like the seat to which 
the furniture buyer has become 
accustomed. However, in backs of 


chairs, mattress toppings, and 
other furniture applications, 
polyester foams are still widely 
used. Both types, polyester and 
polyether, have one tremendous 
advantage. They can be hog- 
ringed and _ stretched without 
tearing out at the edges. Also, 
they have excellent resistance to 
solvents, and can be dry-cleaned 
without harm. They do not sup- 
port combustion, and a flame will 
not persist after removal of the 
heat source. 


Urethane foam for furniture 
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may be molded to shape, as in 
the backs of chairs, or flat slab 
stock may be used and shaped 
by means of the covering. In ad- 
dition, machinery has recently 
been developed to make contour 
cutting possible. 

A second major use for ure- 
thane foams is in the toy and nov- 
elty field. Slab stock in any 
desired thickness is readily pro- 
duced, from which the desired 
shapes are die-cut on conven- 
tional machinery. Sponges, too, 
are made of urethane foam, al- 
though the manufacturer should 
keep in mind that urethane is not 
as absorbent as a_ cellulosic 
sponge. The foam itself does not 
get wet, that is, the water does 
not penetrate into the cell walls 
as it does with cellulosics, 

There are many applications for 
urethane foams in the modern 
automobile. Hood liners, crash 
pads, arm rests, door seals, steer- 
ing wheel padding, headliners, 
weather stripping, body sound 
deadening, carpet underlay, seat 
cushioning, interior side panels, 
heater housings, and firewall 
backing are some of many current 
applications. Estimated total po- 
tential use is 24 lb. per vehicle. 

Because of their high coefficient 
of friction, flexible urethane 
foams are ideal for carpet under- 
lays. Even a very thin layer, 
placed below a rug, or foamed 
to it originally, provides a safe, 
nonslip surface. 

The clothing field, too, has 
found many uses for urethane 
foam. Used as an inner liner in 
wind-jackets, topcoats, gloves, 
and sleeping bags, the foam adds 
warmth without much weight. 
Flexible foams are also useful for 
shoe insoles. 

Vibration damping and shock 
absorption are two other func- 
tions of urethane foam. Delicate 
electronic instruments are potted 
in flexible foam to guard them 
against damage by impact, and to 
minimize environmental changes. 
Similarly, shipping containers are 
lined with urethane foam to pro- 
tect their valuable contents in 
transit. 

The foams are also excellent 
insulators, both against heat and 
sound. A new type of industrial 
pipe insulation made of urethane 
foam and suitable for hot lines 


up to 250° F., is extremely easy 
to apply. Unlike other types, it 
comes in one preformed section 
—not in two pieces, held to- 
gether by canvas—and is quickly 
snapped over the pipe. Its re- 
silience also protects it against 
damage due to impact from lad- 
ders, tools, or other objects. 

Urethane foam is effective in 
absorbing sound. It can be ap- 
plied to walls and ceilings to re- 
duce the noise level. An interest- 
ing application in this respect is 
the use of foam on earphones of 
testing equipment to cut out ex- 
traneous noises. 


Rigid foam 


Rigid foam offers many advan- 
tages, a major one being its 
ability to be foamed-in-place. 
This is done by first mixing the 
correct amounts of polyester or 
polyether, emulsifier, stabilizer, 
and catalyst with water. The iso- 
cyanate is stirred in, and the 
mixture is then poured into the 
cavity to be filled. The foam has 
excellent adhesion to almost any 
material and helps to achieve a 
strong, unified structure of ex- 
tremely light weight. 

For improved seaworthiness, 
about 1 cu. ft. of rigid urethane 
foam is now being added to the 
bow and stern of small boats. 
This adds very little weight to the 
craft. 

Cylinders of rigid foam, formed 
in steel molds, 12 ft. long and 1% 
ft. in dia., are light enough to be 
carried easily. These have been 
covered with fibrous glass-rein- 
forced polyester skins and are 
being tested as pontoons. 

A study of the use of urethane- 
filled wall panels in refrigerated 
trucks shows that they offer sev- 
eral benefits. They are effective 
insulation against heat and cold: 
they may be replaced in modular 
units in case of damage; and they 
appear to stand up well under 
the usual road shocks. 

Foams with low resilience find 
wide usage for shock absorption. 
In many of the new automobiles, 
crash pads are now standard 
equipment, and most of these are 
urethane foam. They protect the 
occupant against serious injury 
by yielding upon impact, with a 
minimum of rebound. Although 
not yet in actual use, urethane 
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foam has also been suggested for 


aircraft seats. The lower density 
of urethane foams, coupled with 
their increased load-bearing ca- 
pacity, as well as their improved 
flame resistance, should easily 
outweigh any advantage of those 
materials now used in aircraft 
cushioning. 

Thermal insulating properties 
of rigid foam are being used in 
the case of roof-decks. The rigid 
foam reduces the transmission of 
heat into or out of the building, 
and may be designed to add some 
structural strength, as well. Of 
particular interest is the fact that 
rigid foam may be sprayed onto a 
vertical wall and onto ceilings as 
well. Thicknesses ranging from 
46 in. to 2 in. are possible, mak- 
ing the thermal or acoustical in- 
sulation of a room very simple. 

A number of applications attest 
to the value of using urethane 
foam for structural strength. The 
“Skipjack,” for example, one of 
the nation’s atomic submarines, is 
using urethane foams in rudder 
cavities, instead of filling them 
with pitch. Increased strength 
and impact resistance should re- 
sult from the addition of the ure- 
thane foam. Aircraft tail assem- 
blies are filled with the foam. 


Semirigid foam 


Flexible foam is deformed 
easily by pressure but will return 
to its original shape after an ap- 
plied load has been removed—up 
to a limit. Rigid foam supports 
the load with little or no deflec- 
tion, but it will not recover if 
depressed past its elastic limit. 
Semirigid foam shows character- 
istics intermediate between these 
two types. 

Applications for semirigid foam 
include sound absorption, ther- 
mal insulation, structural rein- 
forcement, vibration damping, 
packaging, potting and encapsu- 
lating, and visual displays. 


Techniques 
BY B. A. DOMBROW* 


Very early in the development of 
commercial application of foamed 
urethanes, it became obvious that 
there existed an acute need for 
automatic mechanical means for 


* Director of Laboratories, Plastics Div., Nopco 
Chemical Co., Inc., 175 Schuyler Ave., North 
Arlington, N. J. 
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producing these foams. This held 
true for flexible, as well as semi- 
rigid and rigid, foam. Within a re- 
markably short time, the industry 
has managed to come up with 
some successful answers. 

The two major problems that 
had to be solved were: 1) the 
continuous delivery of components 
to a mixing chamber and the con- 
tinuous discharge of the resulting 
blend; and 2) the intermittent de- 
livery of the blend so that shots 
of predetermined magnitude 
could be introduced to a contin- 
uous series of cavities or molds. 


Continuous mixing 


The many types of problems 
involved in metering the foam 
components, pumping them con- 
tinuously into a mixing chamber, 
and discharging the blend con- 
tinuously, were readily solved. It 
was found that even polyesters of 
high viscosity could be pumped 
(using heat, if necessary, to ob- 
tain more easily-handled viscosi- 
ties) so that constant metering 
systems could be used. Eventu- 
ally, equipment was made avail- 
able that delivered the necessary 
components to various mixing 
chambers out of which flowed 
continuous foam blends in flexible 
slab, sheet, or roll form for indus- 


trial and household use. This 


equipment was designed to han- 
dle formulations using two or 
more components. 

The foam thus produced by 
continuous mixing proved supe- 
rior to that produced by batch- 
wise mixing, both in structure 
and physical properties, but the 
technique still did not lend itself 
to the advanced problem of inter- 
mittently delivering the foam so 
that shots of predetermined mag- 
nitude could be introduced at will 
to a continuous series of separate 
cavities or molds. For one thing, 
because of the comparatively 
large volume of the mixing bar- 
rels, large hold-ups were encoun- 
tered. The pumps could not be 
stopped until the liquid blend in 
the barrels was removed or re- 
placed by inert material. This, of 
course, meant large materials 
losses. In addition, supplementary 
waste was during the 
start-up in the period before the 


blended 


caused 
foam was thoroughly 
and acceptable. 


Batchwise stirring 

Most of the first foamed-in- 
place systems were of the rigid 
and semirigid type. Because of 
the lack of equipment, it was 
found necessary to handle these by 
batchwise stirring. Here, the vari- 
ous foam components are weighed 


Fig. 1: Exploded view of mixing head. (Photo, Nopco Chemical Co.) 
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into a container, blended manu- 
ally with spatulas (or with me- 
chanical blenders if larger quan- 
tities are involved), and then 
poured quickly into the desired 
cavity for foaming. In this man- 
ner, single pours of several cubic 
feet can be successfully made. 
Larger cavities can be filled by 
multiple pours, taking care that 
the first pour has been allowed to 
set and cool before adding the 
next pour. The latter operation 
is necessary to prevent the rising 
foam structure from being dis- 
turbed by the second pour to such 
an extent that it may crack, col- 
lapse, show voids, etc. 

Because this type of problem 
does exist, the batchwise system 
is still used for many applications 
which require the filling of a large 
cavity through a single opening 
(or a restricted small number of 
openings). In these cases, a single 
large batchwise pour can yield a 
good foam, while the same quan- 
tity of material added through 
the continuous mixing process 
will not. 


Intermittent mixing 


Eventually, several techniques 


were evolved for the intermittent 
mixing of foam. The most widely 
used type is one which has de- 
veloped from certain basic studies 
made by Du Pont. The fundamen- 
tal principles involved are shown 
by the unique construction of 
blade and chamber (Fig. 1, p. 335). 
The blade has a 3-stage struc- 
ture: pump, mixer, and a second 
pump. This permits the two foam 
ingredients to be pumped into the 
middle of the blade, where they 
are mixed and then pumped out 
of the bottom. The clearance 
within the conical mixing cham- 
ber is small, so that very little 
material tends to remain. This 
simplifies the cleaning problem, 
because of the small hold-up, and 
makes for quick blending equi- 
librium—in sharp contrast to the 
hold-up and equilibrium time re- 
quired for the continuous mixing 
method described above. 

The combination of accessories 
represented by the mixing head 
body, the plug valve, and the air 
piston is the heart of the inter- 
mittent delivery mechanism. The 
air piston is used to turn the plug 
valve quickly within the mixing 
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head body. These two units act as 
a double 3-way valve. In one po- 
sition, the two components are 
circulated through the separate 
lines so that thermal equilibrium 
can be insured before use, and 
enable the pumping equipment to 
operate without delivering mate- 
rial to the mixing blade. In the 
second position, the circulation is 
cut off and the two components 
are fed to the mixing blade and 
its chamber. By means of a tim- 
ing device, the air piston can ac- 
tivate the plug valve for a prede- 
termined time period so as to 
discharge a fixed charge whose 
magnitude is regulated by a timed 
rate of pumping. Thus, 2-compo- 
nent systems can be used, with 
good temperature control and 
good metering rates, with a mini- 
mum of contamination from each 
other. Formulations of component 
ratios from 97:3 to 50:50 have 
been used successfully. 

As mentioned above, the prob- 
lem of laying foam on foam is very 
acute. In many cases, the batch 
method is the only solution. In 
the case of continuous slab stock, 
the liquid blend is poured down 
on a moving belt while the mix- 
ing head is moved transverse to 
the direction of the belt. In this 
manner, the foam liquid is placed 
alongside and flows into, but not 
on top of, the rising foam. Even in 
intermittent mixing when filling 
molds continuously on a conveyor 
system, this manner of laying 
foam for each mold is suggested. 
Where many rigid or semirigid 
formulations are used, the liquid 
blend must be introduced through 
one or several holes. In such in- 
stances, it is best to slow down the 
formulation so that most of the 
charge (if possible, all) is added 
before a marked foam rise begins. 
Many foaming troubles can be 
avoided if this problem of laying 
foam on foam is taken into ac- 
count in designing for foam-in- 
place applications. 


Molding polyurethane 


Inherently, the polyurethanes 
are adhesives and have found use 
as such. Hence, it is found that 
foaming-in-place is accompanied 
by a tendency to adhere in place. 
Thus, many foams demonstrate 
good bonding to metals, wood, 
polyester laminates, etc. To insure 


best adhesion, the surfaces against 
which the foaming takes place 
should be cleaned (freed from 
grease by solvent wash) and pre- 
ferably mildly roughened. In 
some cases, improved bonding 
may be obtained by priming with 
adhesives. In the case of some 
surfaces, e.g., vinyl film, adhesives 
are required. 

Loss of heat from the interface 
during foaming results in reduced 
bond strength. This may be rem- 
edied by a preheat and/or a post- 
cure. In most commercial appli- 
cations, this is the only function 
of the postcure: to complete the 
reactions at the surfaces which 
were retarded by the loss in heat. 
The cores of most foams are self- 
curing due to the retention of the 
heats of reaction by the excellent 
insulation properties of the foam. 


It is possible to form molded 
objects of polyurethane foam in 
situ, characterized by good, 
smooth, tough skins and with ex- 
cellent reproduction of the mold 
details. Rigid, semirigid, or flexi- 
ble varieties can be used. In these 
cases, it is necessary to have mold 
frames coated with good mold re- 
leases, e.g., polyethylene, Teflon, 
silicone resins (silicone oils tend 
to be wiped clean by the rising 
foam and the foam then adheres 
to the uncovered areas), waxes, 
etc. 

The design of the mold frames 
must take into account many fac- 
tors. As gas pressures are devel- 
oped during the foaming proc- 
esses and subsequent curing, 
provision must be made in the 
design for reinforcement jigs that 
can withstand these pressures. 
The amount of reinforcement re- 
quired for any given formulation 
and application is difficult to pre- 
dict. Experience in handling is 
the best criterion. Prepolymers 
(total) usually require less than 
quasi systems which, in turn, re- 
quire less than one-shot systems. 
The restraint pattern and total 
excess of components used are 
two other important factors. 
Openings for the introduction of 
the blended liquids is a most im- 
portant consideration in the mold 
design. If possible, provision 
should be made for an opening 
large enough for a lay-down pat- 
tern on the bottom to avoid laying 
liquid upon rising foam. If this 
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cannot be done, as many large 
pour holes as possible should be 
incorporated in the design of the 
mold forms. It is necessary to 
provide for air vents to prevent 
any entrapment of air. These air 
pockets are centers of structural 
weakness. 

In the case of molded objects, 
still other design factors must be 
taken into consideration. As the 
usual foams in commercial use 
show very little tendency toward 
shrinkage, drafts must be built 
into the mold forms so that the 
molded foam may be removed 
without too much trouble, and 
with a minimum of damage. Be- 
cause of the deformability of 
flexible foams, this factor is not 
as critical for these foams. To ob- 
tain smooth skins and good re- 
lease, it is essential that the walls 
against which the foam is being 
produced shall be as smooth as 
possible. Of course, the applica- 
tion of mold releases with proper 
buffing will tend to produce these 
smooth surfaces. 


Spray-on foam 


One of the more recent devel- 
opments in the field of industrial 
applications of polyurethanes is 
the production of foam upon a 
surface (horizontal or vertical) 
by dispensing the foam ingre- 
dients from specially constructed 
air spray guns. The two compo- 
nent streams are simultaneously 
atomized and mixed externally 
by the impinging air blast imme- 
diately outside the tip of the 
spray gun. In this manner, it has 
been found possible to form fairly 
even coats up to 1 in. thick upon 
walls, ceilings, or floors. Thicker 
coats may be obtained by several 
passages of the gun. Foam formu- 
lations have been devised so 
that the foaming action starts 
almost immediately, even before 
the mass strikes the surface, and 
may be completed in 5 or 6 sec- 
onds. Additional coats may be 
applied less than 20 sec. after the 
last coat has been put on the 
surface. 

The first instruments developed 
were such that total prepolymer 
systems could be handled. This 
meant that they were capable of 
handling foam ratios in which 
the catalyst portion represented 
only a small portion of pre- 
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polymer by weight. A later de- 
velopment was spray guns which 
could handle quasi-prepolymer 
systems (or ones where the two 
components were close to each 
other in magnitude). In order to 
obtain good flow characteristics, 
recourse to heating the compo- 
nents is necessary in many cases. 
Therefore, heated reservoirs and 
heated circulating lines used in 
conjunction with metering mech- 
anisms are required in addition 
to the spraying equipment. Since 
mixing is external to the gun, 
the cleaning problem is mini- 
mized. It should be kept in mind 
that in this operation the ventila- 
tion problem is made more acute. 
Provision must be made for ade- 
quate forced air ventilation, es- 
pecially if interior work is being 
contemplated. The operators 
should be protected further by 
wearing free air masks and pro- 
tective clothing. 


Effect on density 


It is well to note that in many 
cases, the processing technique 
will have as important an effect 
on the end-properties of the foam 
as will the foam formulation. The 
effect on density of the finished 
foam by the techniques used 
serves as a good illustration. 

Basically, it would seem logi- 
cal to assume that the total 
water-content of a foam formula- 
tion would be the single deter- 
mining factor in controlling the 
foam density, inasmuch as the 
carbon dioxide gas for the blow- 
ing process is produced by the 
reaction of water with isocyanate. 

The simple operation of adding 
water to produce lower and lower 
densities, however, is complicated 
by the fact that the efficiency with 
which this reaction produces vol- 
ume decreases with the lowering 
of foam density. Depending on 
formulation, a point is reached 
where no further volume increase 
is obtainable. Another considera- 
tion is that the cost of diisocyanate 
required for the extra water can 
be in excess of the advantages to 
be gained by the volume in- 
creases, and thus would not 
justify using the extra water. 

It has also been found that 
many of the physical factors of 
processing will affect foam den- 
sity to such an extent that it is 


difficult to pinpoint the final den- 
sity of a foamed-in-place system. 
Some of these factors include: 
1) size of pour; 2) mold construc- 
tion; 3) geometry of mold; 4) pre- 
heat of mold; 5) temperature of 
foam components; 6) mixing 
techniques; 7) relative viscosities 
of foam components; 8) variations 
in characteristics during foam 
rise; and 9) restraint pattern of 
the mold. 

Qualitatively, the effect caused 
by any of these factors may be 
predicted if it is possible to de- 
termine how it affects the exo- 
therm, the blendability, and the 
viscosity changes during the 
foaming process. Any means of 
containing the heats of reaction 
(exotherm) will influence the 
lowering of foam density; con- 
versely, dissipation of heat will 
have the reverse effect. 

1) Size of pour: Basically, the 
larger a pour, the lower the foam 
density (see Table I, below). 

After a definite pour size stage 
is reached, however, a leveling- 
off period is found. This same 
manifestation occurs with several 
other factors that influence den- 
sity. Even when adding water to 
the foam formulation, a point is 
reached at which no further vol- 
ume increase is obtainable. 

If too large a pour is made, 
the exotherm gets out of hand 
and may result in coarse cell 
structures and even burnt-out or 
molten foam cores. In such cases, 
the insulation qualities of the 
foam play an important but not 
total part. 

2) Mold construction and 3) 
Geometry of mold: When con- 
sidering the material of mold 
construction and the geometry 
of the mold, we find similar in- 
sulation effects. If the mold is 
constructed of an insulation-type 
material, the foam density will 
be lower than if the mold were 
made of metal which can obsorb 
and radiate the exotherm. The 





TABLE I: Effect of size of pour 





Size of pour 


Foam density 
cu. in. 1b./ cu. ft. 
12 7.6 
60 6.0 
200 47 
900 3.9 











geometry of the mold determines 
the ratio of surface area-to-vol- 
ume; hence, its relative ability to 
radiate heat. Thus, thinner molds 
will produce higher 
than thicker ones. 

4) Preheat of mold and 5) 
Temperature of foam components: 
Extraneous heat added in various 
forms, such as elevated tempera- 
ture (preheat) of mold and/or 
foam components will lower den- 
sity. Less frequently, recourse is 
taken in the reverse direction to 
raise density. Again, of course, 
there are limits to the amount of 
heat that may be added without 
causing adverse side effects on 
foam structure, e.g., 
cells, molten cores, etc. 

6) Mixing techniques: The bet- 
ter or more readily a formula- 
tion can be blended, the lower 
a foam density may be expected. 
In the case of batch-mixing, me- 
chanical means yield lower den- 
sities than manual-mixing. Con- 
tinuous mixing produces even 
lower densities. And again, it is 
necessary to watch out for over- 
mixing by either too rapid stirring 
or too long a dwell time. Both 
of these may be harmful. 

7) Relative viscosities of foam 
components: When the relative 
viscosities of the foam components 
are not of the same order of 
magnitude, blending is hindered. 
In addition, the lower the vis- 


densities 


irregular 


cosities of components that can be 
tolerated, the better is the mixing 
that can be expected. 

8) Variations in viscosity dur- 
ing foam rise and 9) Restraint 
pattern of the mold: Viscosity 
changes during the foaming proc- 
ess are another controlling factor 
in density studies. The initial 
liquid blend is a viscous liquid, 
but, as the foaming process pro- 
ceeds, the material becomes more 
and more plastic, until it finally 
sets. This means that the fluidity 
of the system is undergoing a 
series of viscosity changes both in 
increasing magnitude and type. 
Its flow character is altered from 
laminar to increasing plasticity 
with an accompanying increase in 
resistance to flow. This flow re- 
sistance, combined with the exo- 
therm problems, makes it ex- 
tremely difficult to obtain low 
densities in thin cross-sections. 

Another factor which adds to 
the resistance effects is the re- 
straint pattern. In order to get 
a complete fill of a cavity, it is 
found necessary to restrain the 
overflow and level the foam rise. 
Free rise can be of much lower 
density than one using restraints. 
Extreme over-restraint can cause 
air pockets and foam collapse. 

It is obvious that no one single 
factor will be the sole determi- 
nant of foam density. Final den- 
sity results from several. 


FABRICATING FLEXIBLE URETHANE 





BY DANIEL P. SHEDD* 


The commercial availability of 
slabs of flexible urethane foam in 
thicknesses up to at least 14 in., 
widths of up to 80 in., and of any 
convenient length, offers the foam 
converter a wider choice of fab- 
ricating techniques than is avail- 
able in any other foam material. 
The high tensile and _ tear 
strength, good elongation, and 
freedom from dusting, combined 
with the low density of about 2 
lb./cu. ft., make it the easiest 
material to handle. 

Slabs from the foam machine 
are usually trimmed to remove 
skin or irregular cell formation 
that may be present on the top 
and bottom of the slab. This 
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splitting is done by placing the 
foam slab on a moving table and 
passing it under a _ continuous 
blade cutter, similar to a band 
saw in a horizontal position. The 
blade itself has either a regular 
or serrated knife edge. Such a cut- 
ter is capable of slicing the foam 
into regular sheets of thicknesses 
down to 46 in. at speeds up to 
120 ft./min., depending on thick- 
ness. The foam, cut to specified 
thickness, can then be used for 
such varied applications as furni- 
ture cushioning, clothing interlin- 
ing, rug underlay, and various 
decorative uses. 

Urethane foam can also be cut 
on a convolute or contour cutter, 
which is similar to the blade cut- 
ter. In this case, the slab of foam 


is cut under varying degrees of 
compression by means of a con- 
toured or knurled roller revolv- 
ing over the foam at a point di- 
rectly above the knife blade. The 
contour or texture of the result- 
ing foam surface is dependent 
upon the geometry of the surface 
of the compression roll In addi- 
tion to the decorative aspects of 
such contour cutting, thicker sec- 
tions suitably contoured on one 
side may be more easily wrapped 
around such things as chair arms 
in the upholstering process with- 
out compressing the underside 
and stretching the top side of the 
foam. In addition, contouring 
changes the compression /load- 
deflection curve of the foam slab 
to modify loadbearing character- 
istics for various seating uses. 
Vertical cuts may be made us- 
ing hand or power scissors, or a 
band saw with a serrated knife 
blade. Many different shapes of 
seat cushions can be cut from 
suitable thicknesses of slab foam. 
Another cutting method, al- 
most like a cookie cutter, can be 
used by forming wire of suitable 
resistance to any desired profile, 
electrically heating it, and then 
pressing it through the foam to 
cut out the desired shapes for 
gaskets, weather stripping, etc. 
Die-cut shapes, such as auto- 
mobile topper pads, paint rollers, 
and cushion insoles, can be made 
on standard equipment from slab 
stock of suitable thickness. 
Irregular shapes, such as con- 
toured cushions and shaped cavi- 
ties for package cushioning, can 
be made by buffing and routing 
with a high-speed wire brush 
wheel used as a hand tool or 
mounted on a drill press or lathe. 
Heat forming is possible by im- 
pressing the foam with a die 
heated to above the foam melting 
point (approximately 250° C.). 
A thin skin is formed in the proc- 
ess, which adds to the dimen- 
sional stability of the shaped 
foam. In a similar manner, the 
foam may be embossed by pass- 
ing it under a heated roller of 
suitable surface design. The foam 
may also be formed under pres- 
sure by dielectric heating equip- 
ment. 
For suitably sized orders, the 
foam manufacturers can add dye- 
stuffs in the foaming process to 
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produce a variety of bright colors 
for purposes of decoration or 
identification. 

Urethane foam may be attached 
to other materials by an equally 
wide variety of techniques. Most 
adhesive manufacturers offer a 
line of solvent- or water-based 
adhesives designed to glue the 
foam to itself, plastics film, fabric, 
wood, metals, hardboard, and a 
variety of other surfaces. Ure- 
thane adhesives are available for 
specialized applications, such as 
flocking various piles on urethane 
foam. In addition to flocking, the 
foam surface may be painted by 
spray, brush, or roll-coating, or 
printed by silk screening. 

Also, dielectric heat-sealing or 
welding equipment may be used 
to seal urethane to itself or to 
various plastics films. Urethane 
foam sheets can be quilted to 
fabric with regular equipment to 
produce such fabrics as clothing 
interliners and comforters. 

Fabrics of urethane foam are 
now produced in Europe and the 
technique is under development 
in this country. Thin sheets of 
foam are slit into strands about 
1g in. on a side and wrapped with 
a suitable thread for dimensional 
stability. These urethane foam 
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Urethane foam can easily 
be cut on convolute or con- 
tour cutter. (Photo, Mobay) 


yarns are then knit or woven 
into light, warm fabrics for 
mufflers, sweaters, jackets, and 
garment interliners. 

The high tensile and tear re- 
sistance of the foam enables it to 
be hog-ringed directly to spring 
assemblies, or stapled or tacked 
to upholstery frames. 

Scrap from the above convert- 
ing operations can be shredded 
or chopped and used as a loose 
fill for throw pillows, etc., or re- 
bound in sheet form and used for 
cushioning of various types. 
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BY P. J. WITTE* 


Applications 


Expanded cellulose _ acetate, 
known to industry as cellular 
cellulose acetate (CCA) or Strux, 
is a unicellular product produced 
by a continuous extrusion process 
wherein molten cellulose acetate 
is converted into a rigid foam by 
the flash vaporization of a volatile 
solvent. CCA is strictly an ex- 
truded product and cannot be 
foamed-in-place. 

The density of the product is 
a function of both feed composi- 
tions and operating conditions in 
the extruder. Presently available 
is foam in the density range of 6 
to 7 lb./cu. ft., in the form of 
board or rod. 

A rather dense, smooth skin is 
present over the entire surface 
* Director Research, Russell Reinforced 
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of CCA as extruded. Boards, im- 
mediately after extrusion, are 
passed through parallel circular 
saws which remove the edge skins 
and establish the width dimen- 
sion. Removal of the skin on all 
faces results in an over-all den- 
sity decrease of approximately 1 
lb./cu. foot. 

While a distinct advantage of 
continuous extrusion is that the 
length of the product is unlimited, 
the cross-sectional area is gov- 
erned by the capacity of the ex- 
truder. This, at present, is 6 sq. 
inches. Thus, the sizes now being 
produced are: 1 by 4 in., 3%4 by 6 
in., % by 8 in., and 1% by 4 in. 
boards, and 2% in. diameter rods. 

CCA is noted for the excellent 
strength properties shown in 
Table I, p. 340, its resistance to 
attack by vermin and fungi, and 
its thermal stability. It may be 
subjected to temperatures as high 


as 350° F. for extended periods, 
and up to 380° F. for short pe- 
riods, without decomposition. Me- 
chanical properties are not greatly 
affected by temperature change. 
At 70° F., room-temperature 
values are decreased approxi- 
mately 20 percent. The coefficient 
of linear expansion of 2.5 10 
in./in. for 1°F. and a thermal 
conductivity of 0.31 B.t.u. /hr./ft.* 
°F./in. of thickness further in- 
dicate good thermal properties. 
CCA has a burning rate of 4.9 
in./minute. 

The water absorption of CCA, 
expressed in terms of reserve 
buoyancy after complete immer- 
sion in water, indicates an initial 
buoyancy of 55 Ib./cu. foot. This 
value is reduced to 53 lb. after 
24-hr. immersion. Four days of 
subsequent immersion decreases 
the buoyancy to 52 lb./cu. ft., at 
which point stabilization is ob- 
tained. Drying results in complete 
recovery of original buoyancy. 

Fully cured CCA is a rigid, 
white foam with no odor. Toxicity 
has been thoroughly investigated. 
The basic ingredients are known 
to be nontoxic. No volatile or un- 
stable components are 
with an increase in temperature, 
pressure, or moisture. 


formed 


CCA is used extensively as a 
core material in sandwich con- 
structions with fibrous  glass- 
reinforced polyester, aluminum 
or plywood faces. In other fields, 
it has found acceptance as rein- 
forcement for aircraft control sur- 
faces, radome housings, and filler 
blocks under fuel cells. Inert to 
various fuels, it has been used 
for years to make floats for in- 
dicating devices. Its buoyancy has 
led to its use in life-floats, buoys, 
and other marine flotation devices, 
as well as installation for perma- 
nent buoyancy in small craft. Its 
dielectric qualities have made it 
useful in the manufacture of 
X-ray and other electronic equip- 
ment. Other applications include 
ribs, posts, and framing members 
in shelters, housing units, trailers, 
and other similar large structures. 

One of the most extensive uses 
for CCA has been as gun-port 
plugs for military jet aircraft. Be- 
cause of its strength, its ability 
to be machined to extremely close 
tolerances, and its capability of 
holding the tolerances, plugs stay 
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TABLE |: Properties of cellular cellulose acetate 





Mechanical properties 
Tensile strength, 77° F., p.s.i. 


Compressive strength, ultimate, p.s.i. 


Flexural strength, p.s.i. 
Modulus, p.s.i. 
Shear strength, in tension, p.s.i. 


in compression, p.s.i. 


125 
147 
5500 
140 
125 


Impact strength, Izod unnotched, ft.-lb. 0.1 


Thermal properties 


Coefficient of linear expansion per 


F. 2.5 X 10-5 


Thermal conductivity, B.t.u./hr./ft.2/°F./in. 0.31 


Miscellaneous properties 
Density, lb./cu. ft. 
Moisture absorption 

50% RH, lb./cu. ft. 
100% RH, lb./ cu. ft. 
Dielectric constant 
Loss tangent 
Burning rate, in./min. 


6-7 


1.05 
1.12 
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in place during flight. When the 
gun is fired, the plug completely 
disintegrates, passing through the 
jet stream without any damage 
to internal mechanisms of the 
engine. 

Recently, this foam has been 
utilized in an experimental pack- 
aging unit for shipment of anti- 
personnel mines and detonators. 
The high shock- and vibration- 
resistance of CCA allows pack- 
aging the two items in the same 
parcel. Because of these two 
properties, cellular cellulose ace- 
tate also is useful as a protective 
covering for batteries. 


Techniques 


Foamed cellular cellulose ace- 
tate is easily machined to ex- 
tremely close tolerances by or- 
dinary woodworking tools such as 
band- and circular-saws, lathes, 
sanders, jointers, shapers, plan- 
ers, and centerless grinders. It 1s 
important to note that the 
strengths are maintained through- 
out these operations even though 
skin surfaces have been removed. 

It is sometimes required in cer- 
tain applications manually or 
mechanically to shape CCA sec- 
tions to a particular contour. Ex- 
truded parts have _ reasonable 
flexibility in the direction of ex- 
trusion and can be formed in 
large radii and simple curves, es- 
pecially in thin sections after skin 
removal. Flexibility can be in- 
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creased to a degree by subject- 
ing the piece to hot water or 
steam for short periods. Dry heat 
is not effective. 

As mentioned previously, since 
the cross-sectional area of cellu- 
lose acetate foam is limited, it is 
necessary to build up sections 
where larger areas are required. 

Simple gluing procedures work 
well with this material. Fabri- 
cators have used polyester and 
epoxy resins, particularly where 
vertical surfaces are encountered, 
utilizing thixotropic or thickened 
resin mixes which have little 


tendency to flow or run due to 
gravity. Also used are phenol-, 
urea-, and resorcinol-formalde- 
hyde-type adhesives. 

Single-component systems such 
as those offered by the vinyl- and 
rubber-base cements are more 
satisfactory on small-scale oper- 
ations. Besides elimination of 
mixing, these types are usually 
lower in cost and, even more im- 
portant, have almost unlimited 
pot life in a closed container. 

One of the most important ap- 
plications of CCA is in the field 
of sandwich construction. Be- 
cause of its high heat-resistance, 
its high strength-low weight ra- 
tio, and ease of bonding, it is 
well-suited for production of 
laminates using glass cloth, glass 
mat, metal, or wood in combina- 
tion with polyester and epoxy 
resins. This can be done either 
by primary or secondary bond- 
ing. In primary bonding, the CCA 
core is merely laid contiguously 
between resin-impregnated fac- 
ing materials and placed in a 
press under a pressure of about 
30 p.s.i., for required cure time 
at required temperatures. Resin 
flows between the _ individual 
boards, providing a sound bond 
without the necessity of prebond- 
ing sections. Secondary bonding 
requires roughening the surfaces 
of the facing material and utiliz- 
ing the gluing techniques men- 
tioned above. 
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BY R. W. THEOBALD* 


Applications 


The fabricator or consumer of 
expanded polystyrene, made by 
The Dow Chemical Co. under the 
trademark Styrofoam, obtains the 
material in its already expanded 
form (in blocks, sheets, etc.) and 
thus he need only concern him- 
self with its fabrication or instal- 
lation into commercial items. A 
wide range of properties may be 
obtained from the various forms 
of expanded polystyrene and a 
large number of end uses are pos- 
sible through the proper choice 
of available materials. 
Polystyrene foam is presently 


* Plastics Technical Service, The Dow Chem- 
ical Co., Midland, Mich. 


available to the market in densi- 
ties of 2.0, 3.0, and 4.5 Ib./cu. foot. 
In addition to this low density, 
these materials have a closed-cell 
structure and possess a low 
thermal conductivity, good mois- 
ture resistance, good structural 
strength, ease of workability, and 
no attraction for vermin. The 
foam is used in temperature in- 
sulation, as a plaster base in resi- 
dential masonry construction, as a 
core material in sandwich con- 
struction, as a buoyancy medium, 
and in packaging. Its pleasing ap- 
pearance and ease of fabrication 
make it an excellent material for 
various decorative and utilitarian 
applications in the floral, display, 
and novelty fields. 

Among the attributes of poly- 
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styrene foam in low-tempera- 
ture insulation is a compressive 
strength high enough to permit 
the placing of concrete or metal 
floors directly over the material 
without additional support. The 
unicellularity of this polystyrene 
foam prevents the absorption of 
water or water vapor and in- 
sures against any decrease in in- 
sulating efficiency. This fact is of 
great importance where chilling 
or freezing temperatures are en- 
countered. 

The low thermal conductivity, 
good structural strength, and 
rough surface texture of poly- 
styrene foam facilitate its use as 
a combination insulation and 
plaster base in residential ma- 
sonry construction. Direct plas- 
tering over the foam is not only 
feasible but practical, as the sur- 
face requires no preparation in 
order to be able to receive the 
plaster. A new product, trade- 
marked Scorbord, has been de- 
signed especially for floor slab 
perimeter insulation. Score marks 
along the length of the board per- 
mit its fabrication to size on the 
job, without the necessity of using 
any cutting tools. 

The high shear-strength of 
polystyrene foam makes it an 
excellent core material for sand- 
wich panel construction, especi- 
ally where a lightweight insulat- 
ing panel is required. Skins for 
these panels may be of plastic, 
metal, wood, cement, or any of a 
variety of other materials and 
may be bonded on either one of 
both sides, depending on the use 
to which the panels will be sub- 
jected. These panels have been 
used successfully in trucks, com- 
mercial buildings, schools, and 
houses as wall and roof panels. 
Light weight with strength and 
ease of installation are some of 
the benefits gained from using 
panel construction. 

Packages and display platforms 
fabricated from polystyrene foam 
offer both a pleasing appearance 
and a measure of protection for 
the contents. It will absorb con- 
siderable shock on impact and 
can thus be used to protect fragile 
articles in shipping and ware- 
house handling. Display bases 
made of the foam are also attrac- 
tive for small articles and func- 
tion as a sales aid to the retailer 
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Structural strength and moisture resistance make expanded styrene 
ideal replacement for fibrous glass roof insulation damaged by leak 


in his merchandising promotions. 
Polystyrene foam is used ex- 
tensively in the field of buoyancy 
by virtue of its light weight and 
closed-cell structure. With a 
buoyancy factor of 55 Ib./cu. ft., 
this foam is being used by boat 
manufacturers to replace airtight 
compartments. 

Properly installed, the use of 
the foam eliminates the danger of 
total loss of buoyancy because of 
puncture or corrosive perforation. 
The foam is also being used to 
give buoyancy to life rafts, swim- 
ming rafts, aquaplanes and navi- 
gation buoys, as well as floating 
docks. 

The floral field is finding poly- 
styrene foam useful because its 
cellular structure holds the stems 


of most flowers firmly in place. 
Also important in this application 
is the lightness, ease of fabrica- 
tion, and inherent attractiveness 
of the material. The display and 
novelty field uses the foam ex- 
tensively for holiday decorations, 
window and counter displays 
carvings, and signs. Colored poly- 
styrene foam is being made in 
an olive green for the floral mar- 
ket. 


Techniques 


The lightweight foam produced 
by expanding polystyrene up to 
40 times is available in several 
forms—standard white Styrofoam 
22: a_ self-extinguishing type 
known as Styrofoam 33, colored 


Expanded styrene boards for perimeter insulation are prescored, 
permitting on-the-job fabrication to size, without use of cutting tools 














Because of rough surface texture of expanded styrene used as plas- 
ter base in construction, plastering is done directly on foam 


blue for identification purposes; 
a medium-density foam which 
weighs approximately 3 Ib./cu. ft. 
and a 44 lb./cu. ft., foam (Styro- 
foam HD-2'). Also available are 
foaming-in-place beads _ which, 
under heat, can be. formed to 
densities as low as 0.5 lb./cu. foot. 


Cutting 


The foam can be cut with con- 
ventional hand or power wood- 
working tools. Power saws, lathes, 
shapers, and routers may be used 
to fabricate the foam to various 
shapes without the use of special 
techniques. As examples, sym- 
metrical objects may be fabri- 
cated by feeding a flat blade hav- 
ing the desired contour into a 
rotating piece of the foam, or a 
piece may be hollowed out with 
a flat blade type of router. Non- 
symmetrical pieces are either 
carved by hand or on a multiple 
woodcarving machine. In any type 
of mechanical cutting it is gen- 
erally most satisfactory to operate 
the moving part at high speed 
using a slow feed, thus making 
many small cuts. 

Fabrication should be 
equipped with adequate ventila- 
tion systems to remove the blow- 
ing agent, methyl chloride, re- 
leased on cutting through cells. 

Plain and curved surfaces may 


areas 


rademark of Dow Chemical Co 


be cut with an electrically-heated 
wire. In using this method, a 
piece of the foam is fed into a 
shaped nichrome wire or ribbon 
that is held at a temperature just 
below red heat. The amount of 
power required to heat the wire 
depends on the rate of cutting 
and the width of cut desired. At 
any given wire temperature the 
width of cut will vary with the 
rate of feed, ie., the slower the 
rate of feed the wider the cut. 
Several methods of heating the 
nichrome wire or tape have 


Expanded styrene is used as 
covering material for low- 
temperature insulation of 
large tanks and pipes 


proved effective and capable 
of giving the necessary control. 
A low-voltage, high-amperage 
transformer (5 to 10 v., 50 to 100 
amp.) or a standard electric arc 
welder have proved satisfactory. 
Thin sections of the foam can be 
die-cut successfully. Either a 
heated melting-type cutter or a 
shear-type cutter may be used, 
depending on the piece being 
fabricated. 


Bonding 


Polystyrene foam may be suc- 
cessfully bonded to itself and to 
most other materials, including 
masonry, wood, cloth, paper, 
glass, and metal. The rough 
surface of the foam is ideally 
suited to mechanical bonding; 
however, other characteristics 
such as low melting temperature, 
susceptibility to strong solvents, 
and low vapor transmission limit 
the number and variety of adhe- 
sives that may be used. 

Drying-type (setting by evapo- 
ration of a liquid) adhesives con- 
taining active solvents such as 
aromatic and chlorinated hydro- 
carbons, ketones, and esters are 
generally not satisfactory for use 
with polystyrene foam. These ma- 
terials are solvents for poly- 
styrene and, upon contact with 
them, the foam will shrink, soften, 
and dissolve. Solvent attack is 
evidenced by an apparent melting 
or shrinking of the cells. 

Adhesives containing nonsol- 
vents for polystyrene such as the 
lower alcohols and water are 
satisfactory in applications where 
the solvent can evaporate. This 
group includes the many water- 
dispersed emulsion and _ latex 
types of adhesives. Because of 
the low vapor transmission rate 
of polystyrene foam these adhe- 
sives are generally suited only 
for bonding the foam to vapor- 
porous materials, such as wood, 
masonry, paper, and cloth. How- 
ever, they can be used on non- 
porous materials if sufficient open 
time is allowed to permit the ad- 
hesive to dry partially before the 
bonding surfaces are joined, or 
where spot or serrated application 
gives sufficient bond strength. 
Sections no greater than 2 in. 
may be bonded without concern 
when the drying can proceed 
through the glue line. Adhesives 
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containing petroleum naphthas as 
solvents can often be used simi- 
larly to adhesives containing non- 
solvents if caution is observed. 
These adhesives should be applied 
to the material to which poly- 
styrene foam is to be bonded and 
most of the solvent allowed to 
evaporate before the foam is 
finally put in place. 


Cold-setting adhesives 


Cold-setting types of adhesives 
that harden and set by a chemi- 
cal process are generally well- 
suited for bonding polystyrene 
foam. It is important, however, 
to find out by testing whether the 
adhesive will bond to the ma- 
terial to which the foam is to be 
adhered. The adhesives in this 
group include water-reactive ma- 
terials (portland cement, plaster 
of paris, etc.) and the types that 
set by polymerization and/or 
oxidation (epoxies, phenolics, 
resorcinols, ureas, and the like). 
Polyester resins containing sty- 
rene monomer are not satisfac- 
tory for use with polystyrene 
foam unless it is very carefully 
protected against the solvent ac- 
tion of styrene monomer. Hot- 
melt adhesives, usually asphalt- 
or wax-based materials, may be 
used as bonding agents for the 
foam if they have a workable 
fluidity at temperatures below 
300° F. 

Polystyrene foam distorts 
when subjected to prolonged ex- 
posure at 175° F. It can, however, 
be immersed in a molten adhesive 
for a short period of time, long 
enough to obtain a coat of the 
adhesive on the surface. The 
maximum temperature at which 
this should be done is 300° F. 
When the temperature is too high, 
the cells of the foam melt, emit- 
ting a crackling sound. 


Surfacing and decoration 


Many types of surfacing ma- 
terials can be applied and ad- 
hered to polystyrene foam be- 
cause of its tough surface. Plaster, 
for example, can be applied di- 
rectly on the foam. Where reduc- 
tion of weight is important, a pulp 
plaster can be applied to provide 
the required surface. Other types 
of protective surfacing materials 
that can be applied successfully 
to polystyrene foam are the rub- 
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ber- and asphalt-based water- 
dispersed weather coatings. Epoxy 
resins are quite compatible with 
the foam and form excellent sur- 
face coatings. They may be rein- 
forced with glass fibers for added 
strength. 

Polystyrene foam may _ be 
painted to practically any desired 
color. Care should be taken, how- 
ever, to see that the solvent used 
in the paint is not one (e.g., aro- 
matic and chlorinated hydrocar- 
bons, ketones, and esters) that 
attacks polystyrene foam under 
the conditions of application. In 
general, paints for use with this 
foam should be based on film 
formers that are dispersible or 
soluble in aliphatic hydrocarbons, 
alcohol, or water. 

All commercial oil paints should 
be tested for solvent action before 
being used, since certain of them 
are thinned with aromatic hydro- 
carbons which attack polystyrene 


foam. Even such paints can be 
applied if care is observed in ap- 
plication. Spraying is the most 
satisfactory technique for coating 
the foam, but brushing is often 
used with good results. 

Water-based paints are most 
successful for applying a colored 
surface to the foam. The result- 
ing surface, however, is not glossy 
and two or three coats are some- 
times necessary in order to cover 
all of the surface cells. 

Coatings of varying hardness 
and flexibility may be formulated 
from alcohol-soluble, film-form- 
ing materials such as ethyl cellu- 
lose, shellac, and polyvinyl ace- 
tate. These coatings provide a 
tough protective surface and also 
may be pigmented or dyed to give 
glassy colored surfaces. 

Polystyrene foam can also be 
colored by using any number of 
water-soluble or alcohol-soluble 
dyes. 
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BY EDWIN A. EDBERG* 


Applications 


Foam from expandable poly- 
styrene features characteristics 
which make it useful in diverse 
fields. Salient properties are 
closed-cell structure, controllable 
density, low thermal conductivity 
(K factor), low water absorption, 
low water vapor permeability, 
toughness, excellent dielectric 
characteristics, and _ all-around 
adaptability. Polystyrene foam is 
dimensionally stable at ambient 
temperatures to 175°F. It is re- 
sistant to acids, alkalies, and the 
lower alcohols, but susceptible to 
attack by polystyrene solvents 
such as ketones, esters, and aro- 
matic hydrocarbons. 

The foam does not embrittle at 
low temperatures. Unnotched im- 
pact tests on specimens at a den- 
sity of 4 Ib./cu. ft. stored at 
—100°F. for 48 hr. indicated no 
loss in impact resistance. 

The water absorption of the 
material is extremely low. The 
non-interconnecting cell struc- 
ture prevents the absorption of 
water into the interior of the 


* Industry specialist 


Housirg, Plastics Div., 
Koppers Co., Inc 


. Monaca, Pa 


molded article by capillarity. The 
(low) water absorption after 8 
days immersion at room tempera- 
ture is as follows: less than 0.5% 
by volume and 15.8% by weight 
(0.0156 Ib./sq. ft. of surface area). 
These values are for foam at a 
density of 2 lb./cu. ft. and repre- 


Molded expandable styrene 
cushioning pads, for ship- 
ping precision Navy selsyn, 
replaced rigid _ plastics, 
eliminated damage, cut 
package costs 95¢. (Photo, 
Ambassador Plastics) 














sent maximum water absorption 
for the material. Higher-density 
material will show proportion- 
ately lower water absorption 
values. Under a hydrostatic pres- 
sure of 10 ft. of water for 48 hr., 
absorption is less than 15% by 
volume. 

The water vapor transmission 
of the material is also very low. 
The rate is 0.5 to 1.0 grains/hr./ 
sq. ft./in. of thickness/in. Hg 
vapor pressure difference, when 
measured by A.S.T.M. Method 
D697-42T. 


Expandable polystyrene’s capac- 


ity for accurate registration of 
mold detail led to its early and 
still-growing use in making toys, 
novelties, and displays. Silk- 
screened, dry-colored, and art- 
fully beribboned articles in this 
category have found popular suc- 
cess and many more markets in 
the same area remain to be 
tapped. 

Expandable polystyrene has 
also found a ready market in 
low-temperature insulation. An 
excellent low-temperature pipe 
insulation, for instance, can be 
produced at low cost by inexpen- 
sive molding techniques. Board 
insulation is finding enthusiastic 
acceptance for the construction of 
coolers and freezers. Refrigerator 
drip trays, freezer evaporators, 
evaporator supports, and liner 


shields of expanded polystyrene 
are being extensively used in the 
domestic refrigeration industry. 


Packaging uses 


Consumer, industrial, and mili- 
tary packaging problems have 
been successfully solved with 
easily-molded, _ shock-resistant, 
low-density expanded polysty- 
rene. Its strength, water resist- 
ance, and insulating qualities 
have led to its use for shipping 
containers for whole _ blood, 
plasma, and perishable drugs. 
Delicate instruments and intricate 
parts are cushioned against trans- 
portation and air-drop shocks by 
dunnage which is readily molded 
from the expandable polystyrene 
beads. 

Foamed polystyrene core box- 
board has recently appeared on 
the market. Greatly increased wet 
strength, excellent insulation, and 
enhanced cushioning over con- 
ventional material have been ob- 
tained from boxes that are manu- 
factured of the expanded poly- 
styrene board. 

Sandwich constructions in 
which the polystyrene is foamed 
at controlled densities between 
sheets of plastic, plywood, and 
aluminum show promise in the 
construction field. 

Expandable polystyrene also 
has exceptional buoyancy char- 
acteristics, and “in-place” mold- 
ings are being used in boats, 


Development of continuous extrusion process for producing slabs 
of expandable polystyrene makes possible large-scale applications 
such as this 9-in. thick building panel 28 ft. long 
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buoys, etc. to replace air tanks. 
Puncturing such molded pieces 
will not affect their buoyancy 
characteristics. 


Techniques 


Expandable polystyrene is pro- 
duced as free-flowing beads con- 
taining an integral expanding 
agent. When exposed to heat, 
these beads “puff” from a bulk 
density of approximately 35 Ib./ 
cu.ft. to as low as 0.25 lb./cu.foot. 
The expanded beads show an in- 
teresting increase in resilience at 
very low densities. Moldings have 
been produced at densities under 
0.5 Ib./cu.foot. 

Foaming expandable polysty- 
rene beads ordinarily comprises 
two discrete steps: 1) heat pre- 
expansion of the virgin beads; and 
2) further heat expansion of the 
pre-expanded beads within the 
shaping confines of a mold. 

Extrusion and virgin bead 
molding are the chief exceptions. 
In unconfined pre-expansion, the 
translucent beads assume spheri- 
cal shape and become white in 
color. Confined and subjected to 
heat, either the virgin or pre- 
expanded beads can produce a 
smooth-skinned, closed-cell foam 
of controlled density registering 
every detail of an intricate mold. 


Pre-expansion 


To minimize formation of a 
density gradient and to ensure 
uniform expansion, expandable 
polystyrene beads are _ pre- 
expanded to the approximate re- 
quired density. 

Batchwise, pre-expansion is 
suitable for preparing small quan- 
tities for experimental purposes if 
close control of the pre-expanded 
density is not critical. A common 
infra-red heat bulb is mounted 4 
to 5 in. above a tray and the beads 
distributed in a thin layer over 
the bottom of the tray and al- 
lowed to expand. 

Continuous pre-expansion is 
presently accomplished by mov- 
ing belt or disk exposure of the 
beads to infra-red strip heaters, 
by screw-fed exposure to hot wa- 
ter, and, most recently, by intro- 
duction into a stream of steam and 
air and subsequent agitation in a 
closed container. 

Oldest and most amenable to 
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“pre-puff’ density control is the 
method of continuously feeding 
the expandable polystyrene beads 
in a monolayer to a conveyor belt 
passing under a bank of infra-red 
strip heaters. The lacy network 
of pre-expanded beads is readily 
broken up in a breaker at the end 
of the machine. Bulk densities of 
1.5 lb./cu.ft. to 20 or more lb./cu. 
ft. can be obtained with a com- 
mercially available belt pre-ex- 
pander. Desired densities are ob- 
tained by varying belt speed, 
height of heaters above beads, 
and electrical input to heaters. 
High-volume, low-density (1 
lb./cu.ft.) steam pre-expansion 
equipment is now available from 
commercial sources. The virgin 
beads are sucked into a steam/air 
stream and ejected into a suitable 
receiver equipped with an agi- 
tator. Pre-expanded beads emerge 
continuously from the top of the 
receiver and are conveyed by air 
to suitable hopper storage. (See 
“New developments,” p. 346.) 
Fairly high-volume, low-density 
pre-expansion has also been 
achieved by feeding virgin beads 
into a screw revolving in water 
above expansion temperature. 


Processing 


“Expansion” or “molding” of 
expandable polystyrene beads re- 
quires exposing the pre-expanded 
or virgin beads to heat in a con- 
fined space. The confining space 
may be a mold, a structural form 
such as a boat hull, or the lips of 
an extruder die. Heat can be sup- 
plied by direct steam introduc- 
tion, by in situ steam forma- 
tion, and with normal] extruder 
heating equipment. 

Relatively simple and inexpen- 
sive molds of aluminum, brass, 
and stainless steel are used. They 
must be provided with some 
means of clamping-—a light press 
or “C” clamps will often do. Lands 
of the molds should not be too 
well finished, since some rough- 
ness of the parting line will per- 
mit escape of steam condensate 
“squeezed” from the molded 
piece. Hand-filling is satisfactory 
in many instances, but venturi 
tube loaders have provided uni- 
form blow-filling in fast cycle 
production setups. 

Where the physical construc- 
tion and configuration of the cav- 
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ity permit the use of steam, 
“foaming in place” can be ac- 
complished. Boat hulls and re- 
frigerator shells lend themselves 
readily to this treatment 

Extruder dies must be specially 
designed to control expansion but 
can be used on conventional plas- 
tic extruders. 


Expansion techniques 


Direct introduction of steam 
into the mold cavity is the fastest 
way to accomplish expansion. The 
latent heat of the steam causes 
expansion of the beads in a matter 
of seconds. Three procedures have 
been developed for introducing 
steam into mold cavities: 

1) Perforated cavity plates 
backed by suitably-baffled steam 
chests. Cavity walls should be as 
thin as consistent with good de- 
sign practice and the perforations 
made ‘%-in. in diameter and 


Extruded planks of ex- 
pandable polystyrene are 
installed as insulation for 
storage tank holding caus- 
tic soda. (Photo, Koppers) 


placed one hole for every 2 sq. 
in. of surface area. Single and 
multi-cavity molds of this type in 
suitable air and hydraulic presses 
have been used to produce display 
and packaging pieces, toys, and 
refrigerator components. Expan- 
sion times with these molds range 
from 10 to 90 sec. at from 10 to 
40 p.s.i. steam pressures, giving 
temperatures of 230 to 275° F. 
Cooling times range between 1 
and 5 min., depending on the con- 
formation of the piece and the 


cooling provisions built into the 
mold. The molded piece must be 
cooled below 122° F. before re- 
lease from the mold to prevent 
postexpansion. 

2) Small runs of small objects 
are often made by exposing a 
filled perforated mold to steam in 
an autoclave capable of rapid 
steam pressurization to about 30 
p.s.i. A small laboratory autoclave 
or a sealed-off pipe section can 
often serve as a pressure vessel 
for experimental work. Expansion 
times vary from 2 to 5 min. at 
operating pressure for small ob- 
jects, while large ones may re- 
quire 10 to 15 minutes. Cooling is 
usually effected by atmospheric 
cooling, water spray, immersion 
in water (quench cooling), or 
some combination of the three. 

3) An exceptionally versatile 
technique for direct introduction 
of steam into cavities involves use 
of a simple steam probe. Alumi- 
num, copper, or brass tubes are 
sealed at one end and attached to 
a flexible hose or header at the 
other. Four rows of \2-in. diam- 
eter holes, spaced 1 to 1% in. 
apart at 90° intervals, are nor- 
mally bored in the tube, although 
other spacings and row-stagger- 
ing can often be employed to good 
effect. The effective steam pene- 
tration radius of a single probe is 
about 6 inches. When more than 
one is required, probes should be 
spaced 10 in. apart, except that 
intricate designs and large-area 
moldings may require closer and 
more carefully-planned spacings. 

Foaming-in-place is most often 
accomplished by the probe tech- 
nique. Large buoyancy members, 
insulated wall sections, and in- 
place sandwich structures are 
common products of this tech- 
nique. Immediate withdrawal of 
the probes after 10 to 15 sec. of 
20 to 30 p.s.i. steam injection al- 
lows the material to close up the 
probe holes by expansion. Cooling 
the pieces with probes in place 
leaves well-defined holes. 

Minor techniques for combining 
probes with headers, flexible 
hoses, and multiple-outlet, timer- 
controlled steam chests have been 
developed and make steam a re- 
liable, all-purpose method of ex- 
pansion. 

Expansion times with steam 
probes ordinarily range between 
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10 and 75 sec. and steam pres- 
sures between 20 and 40 pounds. 
Air, water spray, and water im- 
mersion used, 
Probes can also be equipped to 
circulate cooling water through 
large pieces. 


cooling can be 


“In situ” steam formation is 
often used in the experimental 
phase of a new expandable poly- 
styrene molding project. An in- 
expensive, unperforated cavity 
shell is filled with a slurry of 
beads and water, clamped, and 
heated in an autoclave or oven. 
The water generates steam on 
heating and_ distributes heat 
throughout the mold. 
Polystyrene foam is an excellent 


evenly 


heat insulator and only an outer 
shell would fuse were water not 
present. This is slower than direct 
steam introduction, but low cost 
commends it in 
work. 
Rotating 


experimental 


filled with 
beads, not yet ex- 


molds, 
dampened 
panded, will produce pieces of ex- 
ceptionally uniform density be- 
cause the rotation eliminates the 
density gradient characteristic of 
stationary virgin bead moldings. 

Extrusion: Conventional ex- 
truders with low compression 
screws and high L/D’s are suit- 
able for extruding a special grade 
of foam through profile dies. Ex- 
pansion occurs at the die lips, and 
die profile design requires consid- 
erable experimentation. Rods, 
tubes, and film have been satis- 
factorily produced. 


New developments 

One of the newest develop- 
ments in techniques for process- 
ing expandable styrene has been 
the appearance of a steam pre- 
expander. The equipment makes 
it possible to manufacture ex- 
pandable styrene products of 
much lower density than ever be- 
fore obtainable. This is done by 


partially expanding the beads in 
the pre-expander and then intro- 
ducing them to the molding 
equipment, where they are fur- 
ther expanded and formed to the 
shape of the mold. The pre-ex- 
pander consists of a cylindrical 
chamber into which the beads 
and live steam are fed continu- 
ously, the expanded beads also 
being discharged 
prior to molding. 

One of the principal applica- 
tions for which the pre-expander 
is expected to be used is in the 
manufacture of economical modu- 
lar panels consisting of a low- 
density expandable styrene foam 
core molded to any of a number 
of structural and decorative face 
materials. The development is 
also expected to provide further 
economies in the manufacture of 
molded articles, and has made it 
possible to use the expandable 
styrene in various refrigerator 
applications. 

Also to be noted in new tech- 
niques for processing expandable 
styrene is the recent introduction 
of a method for the continuous 
extrusion of the foam. Under the 
new process (Dyfoam Corp., New 
Castle, Pa.), extruded sheets or 
slabs of expandable styrene in 
various thicknesses and low den- 
sities will be available. The sheets 
will be supplied in widths of 2 ft. 
and in thicknesses ranging from 
14 in. to 10 inches. This, coupled 
with the light weight of the mate- 
rial, permits the reduction of 
joints in a given insulating struc- 
ture through convenient use of 
large-size slabs and sheets—sizes, 
in fact, that would be prohibitive 
for other types of insulating ma- 
terials. Its principal uses are seen 
in insulation for cold storage 
warehouses, refrigerated trucks 
and railroad cars, sectional refrig- 
erators, general building con- 
struction, and home insulation. 


continuously 
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BY J. A. SNYDER* 


Applications 


Cellular polyethylene, a natural 
polyethylene mixed with a blow- 
ing agent that yields an inert gas 
when processed, can be formu- 
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lated to afford expansion twice its 
volume. This cellular structure 
offers fabricators the distinct ad- 
vantages of a 50° weight saving 
and lower costs by volume com- 


* Development Dept Bakelite Co Div of 
Union Carbide Corp., Bound Brook, N. J 


pared with standard polyethylene. 
While thus far the extrusion 
process has been the most com- 
mon method employed in forming 
this relatively new material, 
other fabricating techniques have 
been used successfully. One of 
these, the compression molding 
process, has already produced 
large volumes of rubber, vinyl, 
and phenolic foam products, but 
its commercial use is not yet 
widespread for polyethylene. In- 
jection molding has been accom- 
plished with relatively little com- 
mercial success to date. 

Cellular polyethylene, in the 
form of extruded rod, disks sliced 
from rods, and disks stamped 
from sheeting, has been used in 
a variety of applications such as 
lightweight spacers, bumpers on 
small boats, and bottle caps. 
However, by far the largest ap- 
plication today is primary insula- 
tion for communications cable— 
coaxial cables, television lead-in 
wire and other high-frequency 
cables—where electrical attenua- 
tion and line losses must be re- 
duced. The inherent properties of 
polyethylene—chemical, moisture, 
and abrasion resistance, plus 
flexibility and toughness—are 
adequately retained when poly- 
ethylene is foamed. In addition, 
the use of cellular polyethylene 
dielectric offers lower losses and 
lower capacitance without in- 
creases in physical size or weight. 
The dielectric constant of the cel- 
lular insulation most commonly 
produced is 1.5 compared to 2.3 
for solid polyethylene. This lower 
dielectric constant permits the 
space between the inner and 
outer conductors to be reduced 
without changing the character 
impedance. Consequently the at- 
tenuation may be reduced by in- 
creasing the size of the inner core 
without increasing the over-all 
diameter, or the weight may be 
reduced by decreasing the over- 
all diameter without decreasing 
the size of the inner conductor. 

Table I, p. 347, gives some typi- 
cal values for the physical and 
electrical properties of cellular 
versus solid polyethylene. 


Moisture resistance 


While exposure to moisture is 
unavoidable for many electrical 
applications, the absorption of 
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water by the insulation must be at 
a minimum in order to ensure 
continuous and consistent serv- 
ice. Cellular polyethylene is only 
slightly less resistant to moisture 
permeation than solid polyethyl- 
ene of equal thickness. Due to a 
balancing of external and internal 
vapor pressures, these uncon- 
nected cells do not become filled 
with moisture and therefore rela- 
tively little water is absorbed. 
Figures 1 and 2, p. 348, show the 
dielectric constant and water ab- 
sorption plotted against water 
immersion time for solid and cel- 
lular polyethylene insulations of 
similar thickness. A_ relatively 
small increase in moisture content 
during immersion is noted in the 
cellular insulation during the 
first 30 days, and then no further 
change is noted through the re- 
mainder of the test period of 100 
days. No significant change in di- 
electric constant is observed. 

Test results have been taken 
of a cellular dielectric cable 
after 14 months of exposure to 
outdoor weathering. During this 
period the attenuation of the cel- 
lular dielectric cable increased by 
only 5 to 10% over its original 
value at 250 mc., while at this 
same frequency the cellular di- 
electric cable had 32% less at- 
tenuation than a solid polyethyl- 
ene dielectric cable. 

The combination of good mois- 
ture resistance and 50% weight 
reduction have made _ possible 
floating geophysical cable in 
which the lines are coated with 
cellular polyethylene. This float- 
ing cable permits the use of more 
complicated communication sys- 
tems and greater power con- 
sumption at points miles from 
shore, without handling cumber- 
some equipment. 

While cellular polyethylene has 
been tested as a thermal insula- 
tor, its relatively low melting 
point restricts its use to applica- 
tions where temperatures remain 
under 90° C. Figure 3, p. 348, 
plots thermal conductivity of cel- 
lular polyethylene versus density. 
The excellent chemical properties 
of cellular polyethylene indicate 
its possible use as an insulator 
for chemical laboratory refrigera- 
tors and cold boxes. 

The unique properties of cellu- 
lar polyethylene coupled with the 
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TABLE I: Typical properties of cellular polyethylene insulation 





Property 


Tensile strength’, p.s.i. at 23°C. 
Elongation’, % 


Dielectric strength. A.S.T.M. D-149-55T 


Solid Cellular 
polyethylene polyethylene 


2180 670 
600 310 





Short time at 0.125-in. thickness, v./mil 550 220 
Step by step at 0.125-in. thickness, v./mil 500 190 


Specific gravity, 23/23°C. 
Mandrel bend? at —55°C. & 2X 
Dissipation factor at 1 ke. 

10 ke. 

50 ke. 
Dielectric constant at 1 ke. 

10 ke. 

50 ke. 
Compression loading’, p.s.i. 


132-mil specimen stripped from No. 14 AWG wire. 
AWG wire with a 93-mil polyethylene coating. 


2 Test made on a No. 14 


0.92 0.42 
O.K. O.K. 
0.00020 0.00030 
0.00020 0.00035 
0.00020 0.00035 
2.28 1.48 
2.28 1.49 
2.28 
1550 


* Test made on a No. 14 AWG wire with a 32-mil polyethylene coating 





economies to be gained by weight 
reduction should prove of great 
advantage in many electrical ap- 
plications and broaden its use to 
applications outside the extrusion 
industry. 


Techniques 


Cellular polyethylene is made by 
a process which produces an inti- 
mate dispersion of a chemical 
blowing agent in polyethylene 
resin. This material can be ex- 
truded on conventional equip- 
ment with only a few changes in 
operating procedure necessary to 
fabricate a quality product. 

The blowing agent used in pro- 
ducing cellular polyethylene is 
a thermally sensitive chemical 
which liberates gas at a specific 
temperature. The correct choice 
of the blowing agent for an elec- 
trical end-use product is a criti- 
cal one and must meet several 
unusual requirements. In order 
to maintain the inherent electri- 
cal properties of the polyethylene, 
the blowing agent, the gas lib- 
erated by it, and any residual 
products must not absorb mois- 
ture since this degrades the in- 
sulating characteristics of the 
compound. The blowing agent 
used should liberate a maximum 
of nonpolar residue so that the 
characteristics of the 
polyethylene insulation will not 
be impaired. In _ applications 
where the electrical properties 
are not of great importance, other 


low-loss 


determining conditions for the 
blowing agent specific to the par- 
ticular application are essential. 
For example, in bottle cap liner 
applications, the blowing agent 
and its residues must be non- 
toxic. In decorative sheets, color 
stability is an absolute necessity. 
Since the blowing agent must 
liberate gas under controlled con- 
ditions, extruders that can be 
regulated both as to heat and 
pressure appear more adaptable 
to this critical operation. Aside 
from the actual extrusion opera- 
tion, the machine used in process- 
ing must perform two additional 
functions: 1) by application of 
heat, the extruder must cause the 
blowing agent to liberate the gas: 
2) by maintaining uniformly high 
pressure in the barrel, head, and 
die, the extruder must ensure 
against premature expansion of 
the liberated gas before the ma- 
terial emerges from the die. A 
machine properly adjusted to heat 
and pressure will give a product 
with a smooth surface, a unicel- 
lular structure, and a uniform 
bubble size. Operating tempera- 
tures that are too high will give 
less-uniform bubble size and a 
rougher surface with accompany- 
ing cooling problems. Operating 
temperatures that are too low re- 
sult in high-density material. 
Optimum conditions for extrusion 
will vary with the particular ex- 
truder, the size of the extruded 
article, and the blowing agent. 
The employment of a die that 
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Fig. 1: Dielectric constant plotted against water immersion time 


at 23° C., for solid polyethylene versus cellular polyethylene 
materials 
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Fig. 2: Water absorption plotted against water immersion time for 
solid polyethylene versus cellular polyethylene materials 
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Fig. 3: Chart plotting thermal conductivity of cellular polyethylene 
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develops sufficiently high pres- 
sure is one method of preventing 
premature gas expansion. A 
minimum pressure of 1000 p.s.i. is 
adequate for wire insulation but 
2000 is more satisfactory. High 
pressures can be maintained by 
employing double- or triple- 
tapered dies to lengthen the over- 
all die length. The land length of 
the dies must be kept to a mini- 
mum to ensure smooth surfaces. 
Land lengths equal to the di- 
ameter of the die are considered 
maximum. 

Under proper operating condi- 
tions, cellular polyethylene will 
double in volume. This expansion 
requires that the area of the die 
opening minus the area of the 
wire or core be 50% of the area 
of the finished insulation. A con- 
venient formula for computing 
the final diameter for a given die 
size or the necessary die size for 
a specific final circular cross-sec- 
tion diameter is: 


D = 2D,? —2d? 


where D = final outside diameter, 
D: = die diameter, and d = di- 
ameter of wire or core. 

For applications where higher 
densities are required, cellular 
stock can be blended with a solid 
polyethylene compound to 
achieve the desired density. 
Higher densities are also obtain- 
able by extruding at reduced tem- 
peratures, thus limiting the extent 
of blowing. However, the results 
of limiting blowing are ex- 
tremely difficult to reproduce. 
Therefore, it is recommended that 
all gas be liberated from the 
blowing agent during extrusion. 

Screw temperature control to 
prevent overheating of com- 
pounds is necessary when extrud- 
ing wire and cable _ insulation. 
Temperatures ranging from 20 to 
100° C. have been used success- 
fully; the exact desirable temper- 
ature varies with the extruder. A 
screw length-to-diameter ratio of 
12:1 or higher is more effective 
than lower ratios, while a high 
compression-ratio screw is pre- 
ferred to a low compression-ratio 
screw of the same type. Screws of 
the constant-pitch, variable-depth 
type, with a 3:4 flight metering 
section, are found most satisfac- 
tory. Preheating the wire or core 
to between 100 and 125° C. is de- 
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sirable for achieving a smooth, 
regular surface. Lower tempera- 
tures tend to give a lumpy mate- 
rial; higher temperatures result in 
uneven cooling and flattening of 
the insulation. 

It is possible to use direct water 
cooling for thin-walled insulation 
but heavy walls require a long 
stretch of air cooling. If the prod- 
uct is quenched too rapidly it will 
flatten, due to the weakness of the 
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extruded coating at the extrusion 
temperature. Another cause of in- 
sulation deformation is the con- 
traction of the occluded gases 
before the polyethylene has had 
an opportunity to develop 
strength. It is possible, however, 
to minimize those tendencies by 
using the lowest compound tem- 
peratures that will give complete 
blowing and good forming behav- 
ior in the die. 





BY R. P. COURTNEY* 


Applications 


Jn the past several years, in- 
creasing interest has been focused 
upon the various plastics foam 
materials and their potential use 
in the consumer field. A good 
portion of this interest has been 
turned toward phenolic foam, 
which appears to have important 
advantages over other foam types 
in cost, thermal stability, fire re- 
sistance, and ability to be foamed 
in place. 

Improved control has increased 
the practicability of phenolic 
foam for existing applications, 
and made it suitable for a rela- 
tively new application around 
which much of today’s foaming 
interest centers—the use of foam 
for building insulation. 

Essentially, there are two 
types of phenolic foam available 
commercially—foam which is pro- 
duced in the conventional man- 
ner by a chemical reaction be- 
tween resin and ingredients, and 
“premixed” foams based on hol- 
low phenolic spheres bonded to- 
gether with various resins, as 
cement binds gravel to form con- 
crete. This latter type of ma- 
terial, for which the phrase 
“syntactic foam” has been coined, 
is unique among plastics foams, 
since its “foamy,” or cellular, 
character depends on the hollow 
nature of the spheres, rather than 
on any chemical reaction. 


Reaction-type foams 


The reaction-type foam results 
from a reaction between phenol 
and formaldehyde (the consti- 
* New Products Engineering Dept., Bakelite 


Co., Div. of Union Carbide Corp., 30 E. 42 
St., New York, N.Y. 
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tuents of a phenolic resin), a 
catalyst, and certain modifying 
agents. The prime characteristics 
of the foam produced are light 
weight, high stability, heat re- 
sistance up to 250° F., and non- 
support of combustion. It is also 
among the most inexpensive of 
plastics foaming materials. Since 
a composite structure, about 40 to 
60% open and closed cells, is 
formed during foaming, phenolic 
foam is a good thermal insulator 
with some acoustical insulating 
properties as well. 

In practice, phenolic can be 
foamed to densities ranging from 
1% lb./cu. ft. all the way up to the 
density of nonporous resin, which 
is about 80 lb./cu. foot. Phenolic 
resin foam of commercial grades 
has its best thermal insulating 
value at a density of about 2 lb./ 
cu. foot. 

Phenolic foams that are of this 
density have a “K” value of 0.18 
B.t.u./in./ft.2/°F./hour. However, 
a low-density foam does have 
better insulating properties when 
mechanically compressed to 
higher densities. Compressing 
low-density foam maintains the 
thin cell walls of such foam, while 
increasing the number of air cells 
in an inch of thickness. Thus, 
more insulating units per inch of 
thickness are provided, resulting 
in a lower “K” factor. Since 
increasing the density, either 
chemically or mechanically, in- 
creases the cost factor, it should 
be noted that a foam density of 
1% lb./ cu. ft—which is one that 
has a “K” factor in the order of 
0.26 to 0.28—is still within the 
range of insulation provided by 
conventional materials. 

The motivating factor en- 


couraging phenolic foam’s use for 
building insulation is the devel- 
opment of installation techniques 
that use its unusual properties, 
e.g., installing it conventionally 
by filling wall spaces with precut, 
factory-produced slabs. A more 
desirable technique, from the 
standpoint of economy and 
speed, is based on foaming the 
material into horizontal prefabri- 
cated panels and structures on a 
moving conveyor belt. As a re- 
sult of recent developments, phe- 
nolic foam can also be adapted 
to foaming-in-place operations 
right on the building site. 
Laboratory research has re- 
sulted in phenolic resin formula- 
tions which will foam in a verti- 
cal wall cavity to controlled 
heights, at whatever insulating 
density desired, and with uniform 
density throughout the structure. 
These properties are controlled 
by carrying out the reactions at 
high speed through the use of 
carefully prepared formulations. 
As an example of the speeds in- 
volved, an 8-ft. wall cavity, about 
4.3 cu. ft. in area, is filled in less 
than 60 seconds. The foam per- 
manently bonds itself to the wall, 
providing no-sag insulation. 
Since the foam does not act as 
a vapor barrier, a separate ma- 
terial, such as plaster ' board 
backed with aluminum foil, or 
polyethylene film, should’ be 


Polyester-glass reinforced 
laminate bends under 61- 
lb. load (top). Equal-weight 
phenolic syntactic foam 
sandwich’ deflects only 
slightly (bottom) 








Desk set formed of foamed 
phenolic has an appearance 
similar to that of natural 
carved stone 


added. To handle a continuous 
foaming operation, special mix- 
ing equipment is needed. Equip- 
ment of this kind is being made 
available commercially. 

In addition to thermal insula- 
tion, reaction-type phenolic foam 
can also be used as a handicraft 
material. Formulated to the 
proper density and strength, foam 
blocks may be produced with al- 
most no grain. The blocks can be 
cut smoothly and cleanly with 
simple hand tools. Sandpapered 
to a fine texture and coated with 
a pore-sealing solution, the new 
foam may be formed into vases, 
bowls, trays, desk sets, and other 
items, with an appearance similar 
to carved stone. 

Normally resistant to water 
penetration, phenolic foam can, 
however, be made to be readily 
water absorbent. Blocks of the 
material, so produced, form highly 
useful bases for cut flower ar- 
rangements. The gaily colored 
blocks keep the flowers moist and 
fresh while eliminating the prob- 
lems of spillage that accompany 
conventional containers. Water- 
absorbing foam blocks also make 
excellent cigar-counter humidi- 
fiers. Other specially produced 
and colored phenolic foams are 
finding wide acceptance as light- 
weight decorative material. 


Syntactic foam 


A new concept in foamed plas- 


introduced with the 
development and commercial ac- 
ceptance of syntactic foam. Hol- 


tics was 
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low, microscopic, phenolic-resin 
spheres may be bound together 
with a polyester, epoxy, or phe- 
nolic binder to form a low- 
density, foam-like material. By 
choice of binder and, also, by 
varying the ratio of spheres-to- 
binder, a wide range of foam 
densities can be obtained. One of 
the more obvious advantages of 
syntactic foam is that it may be 
used as a foamed-in-place ma- 
terial without the need for spe- 
cial equipment. Syntactic foam is 
capable of being utilized in tech- 
niques which make possible do- 
it-yourself applications. The un- 
cured foam is normally handled 
as a putty-like mass which can 
be molded to shape, troweled 
onto suitable surfaces, forced into 
cavities, or pressed into sandwich 
core structures. 

The sphere is an ideal engineer- 
ing structure and the spherical 
cells of syntactic foam greatly 
contribute to its strength prop- 
erties. This spherical cell shape 
brings to syntactic foam one of 
the highest strength-to-weight 
ratios of all plastics foams, along 
with good insulating qualities. 
When mixed with the various 
resin binders, some of which are 
room-temperature curing, the 
spheres produce a foam which is 
also among the most easily han- 
dled of plastics foams. 

Perhaps the greatest potential 
for syntactic foam is as a core 
material in sandwich-type struc- 
tures. By the use of this con- 
trolled-foam technique, flat 
boards and contoured shapes are 
produced with equal ease. Syn- 
tactic foam materially reduces the 
flexibility of reinforced plastics 
with negligible increase in weight. 
Experimental sandwich structures 
consisting of cores of phenolic 
spheres, polyester resin, and loose 
fibrous glass strands between 
fibrous glass mats show flexural 
strengths ranging from 1700 to 
4500 p.s.i., tensile strengths be- 
tween 1600 and 2900 p.s.i., and 
compressive strengths as high as 
12,100 p.s.i. 

Syntactic foam is finding ex- 
panding use as a core material 
for such reinforced applications 
1 The best sources for information on syntactic 
foam for do-it-yourself applications are the 
compounders of this material. Syntactic foam is 
compounded by: Palmer Products, Inc., Wor- 


cester, Pa.; and National Engineering Products, 
Inc., 15 & New York Ave., N. W., Wash., D.C. 


as boat hulls and decks, and re- 
inforced sections of airplane 
structures. 

Syntactic foam also presents a 
means of applying do-it-yourself 
techniques to repair of wood 
structures in homes or industry. 
Rotted-out wood can be repaired 
by troweling the syntactic mix- 
ture into the area and letting the 
putty-like foam cure, or set, until 
it is hard. The use of epoxy resin 
—a room-temperature curing ma- 
terial—as the binder in the foam 
contributes to its ability to cure 
without special equipment. Many 
simple repairs can be effected, 
and costly structural replace- 
ments avoided, with the foams. 

Either as a cast material in 
rotted-out wood structures, or as 
a core material in sandwich 
structures, phenolic syntactic 
foam can be easily sawed, painted, 
or drilled. 


Techniques 


Special techniques and formu- 
lations have been developed for 
the foaming of reaction-type 
phenolic resins and, also, for the 
preparation of phenolic syntactic 
foam. In reaction-type phenolic 
foams, these procedures control 
the phenol-formaldehyde reaction 
to yield a uniform, lightweight, 
resilient material. Syntactic foams 
which involve no chemical reac- 
tion during mixing are prepared 
by binding together hollow, 
microscopic phenolic spheres with 
appropriate formulations of either 
phenolic, epoxy, or polyester 
resins. Putty-like in consistency, 
syntactic foams can be used in 
techniques which make possible 
do-it-yourself applications. The 
following suggested formulations 
and processes have yielded satis- 
factory results. 


Reaction-type foams 


This type foam results from the 
utilization of the “built-in” heat 
of reaction of the phenolic resin 
to cause vaporization of the small 
amounts of water and solvent 
present in the mixture of resin 
and catalyst. During the foaming 
process, the resin changes rapidly 
from a free-flowing liquid to an 
infusible cellular solid. A proper 
balance of reaction and expansion 
results in the formation of a foam 
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having a volume as much as 200 
times greater than the original 
liquid resin. 

Although the conversion process 
for making phenolic foam is very 
simple, involving the mixing of 
fluid resin and acid catalyst at 
room or slightly reduced tem- 
peratures, the rapidity of the re- 
action makes the use of auto- 
matic equipment highly desirable, 
and certain special handling tech- 
niques imperative. 

In a typical foam formulation, 
a wetting agent and isopropyl 
ether are mixed with the liquid 
phenolic resins. The isopropyl 
ether is incorporated into the for- 
mulation to yield a finer, better 
grain in the finished foam. To 
date, Tween emulsifier No. 40 
(Atlas Powder Co.) appears to be 
the best wetting agent. 

In actual mixing, the wetting 
agent is dispersed in the isopropyl 
ether first, and then, with con- 
tinuous stirring, this mixture is 
added to the resin. 

A typical catalyst formulation 
is prepared by adding sulfuric 
acid very slowly, and with con- 
tinuous stirring, to isopropyl 
ether. In this operation, the mix- 
ing vessel should be immersed in 
an ice bath or under a reflux con- 
denser. 

The temperature should not be 
allowed to rise over 50° F. 

When the sulfuric acid is 
thoroughly mixed with the iso- 
propyl ether, the catalyst is com- 
pleted by adding phosphoric acid 
and thoroughly mixing. 

As a cautionary note, it should 
be realized that these acids are 
corrosive to skin, metals, woods, 
etc. Therefore, glass or porcelain 
vessels should be used and pro- 
tective goggles or face masks 
should be worn. Any acid splashed 
on the skin should be washed 
away immediately with copious 
quantities of water. Since the 
isopropyl ether is highly flam- 
mable, as well as somewhat toxic, 
it should be kept away from 
sparks and flame; precautions 
should also be taken so that the 
user avoids breathing its fumes. 

These components are com- 
bined and beaten with an agitator. 
This beating introduces many 
small air bubbles into the resin. 
These bubbles serve as “seeds” 
for the foam formation, and in- 
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crease the liquid resin volume as 
much as 20 percent. When the 
volume of the solution has in- 
creased about 20%, the mixture 
is brought to 77° F., and acid 
catalyst, also at 77° F., is added to 
the foamable resin. 

The mixture is then agitated 
violently with a _ propeller-type 
stirrer for 5 sec. and immediately 
poured into the foaming container. 
The material will foam in 7 to 8 
sec. after adding the acid catalyst. 

Catalyst concentration and tem- 
perature of ingredients may be 
varied to influence the speed of 
the foaming reaction. Higher- 
density formulations made with 
blends of phenolic resins react 
more slowly than do the low- 
density formulations. 

Although phenolic foam can be 
produced in any container, it is 
generally advisable to maintain a 
slight back pressure on the 
solution during the exothermic 
reaction. A simple method of ob- 
taining this back pressure is to in- 
vert a container of the desired 
shape over the foaming pan. As 
the foam expands, the weight of 
the container provides sufficient 
back pressure and the foam uni- 
formly fills the container. 

Since the entire operation from 
the introduction of the acid cata- 
lyst to the formation of a fully 
expanded block of low-density 
foam is completed in about 45 
sec., a cycle controller to initiate 
automatically the various steps in 
the process, is highly desirable. 
The use of such automatic fea- 
tures greatly improves efficiency 
and uniformity in the production 
of reaction-type phenolic foam. 


Syntactic foam 

In practice, syntactics are made 
by combining hollow, micro- 
scopic phenolic spheres’ with 
either phenolic, epoxy, or poly- 
ester resins in much the same 
way cement and gravel are mixed 
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to form concrete. When bonded 
with any of these resins, the 
phenolic balloons produce a foam- 
like, low-density, cellular com- 
posite. Putty-like in consistency, 
the uncured syntactic foam 
hardens into a material of high 
strength and light weight. Foams 
varying in density from 10 to 40 
lb./cu. ft. can be simply and 
quickly produced by varying the 
proportion of resin binder to the 
phenolic spheres. 

The following formulation pro- 
cedure is typical of various types 
of syntactic foams: 


(EPOXY BINDER) 
Parts by 
Composition weight 
Epoxy resin ERL-2795 30 
Epoxy hardener ERL-2793 9 
Phenolic spheres BJO-0930 120 


Procedure: Add a_ weighed 
amount of epoxy resin to a 
kneader-type mixer. With agita- 
tion, add the proper amount of 
epoxy hardener. Gradually add 
the phenolic spheres to the mix 
and continue mixing until a thick, 
putty-like mass is obtained. This 
mass may then be hand-troweled 
into place and cured at room tem- 
perature. Temperatures up to 212 
F. accelerate cure. A foam density 
of 8.6 lb./cu. ft. results. 

Combinations of phenolic 
spheres and polyester or epoxy 
resin can be used to reduce ma- 
terial costs below the costs of the 
straight resins. 

Field experience has shown 
that the best method of handling 
putty-like mixes of syntactic 
foams is with some form of heated 
trowel. Hot troweling imparts 
better flow properties for the 
mixture and makes it easier to 
form. Heated trowels have been 
successfully improvised by at- 
taching a standard trowel or other 
shaped blade to an _ ordinary 
household iron or electric solder- 
ing iron. 





BY D. E. WEYER* 


The history of silicone resin 
foams dates back to 1950, when 
work was started on the project 
in an effort to fill a need for a 


* Product 


Engineering Laboratory, Dow 
Corning Corp., 


Midland, Mich. 


lightweight material which would 
retain high mechanical strength 
despite prolonged exposure to 
temperatures in the 400 to 700° F. 
range. 

Two years of research and of 
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TABLE |: Typical properties of silicone powder foam mixes 





Powder 


Color 

Apparent density, lb./cu. ft. 
Mesh size, approx. 

Melting point, °F. 

Shelf life, mo. 


Expanded 


Expansion temp., °F. 
Density, lb./cu. ft. 
Cell size, in. 
Compressive strength, p.s.i. 
at 77° F. 
after % hr. at 500° F. 
after 200 hr. at 500° F. 
Weight loss, % 
during expansion 
after 200 hr. at 480° F. 
after 200 hr. at 570° F. 
after 72 hr. at 700° F. 
Water absorption, % by wt., 
after 24-hr. immersion 
Heat distortion temp., °F. 
Flame resistance 
Thermal conductivity’ 
B.t.u./in./°F./sq. ft./hr. 
Dielectric constant? 
(8.5 10° cycles/sec.) 
at 77° F. 
at 500° F. 
at 77° F., 24hr. wet 
1At 11 Ib./cu. ft. density. 
* At 13.3 Ib./cu. ft. density. 


R-7001 


Tan 


45 


20 


200 
9 


700 


Does not burn 


0.3 


R-7003 
Tan 
46 
20 
200 
9 


16 
0.08 


325 
75 
70 


1.0 
2.1 
3.4 
5.2 


2.1 
700 
Does not burn 


700 
Does not burn 


0.3 0.3 


* All three powders have essentially the same electrical characteristics. Other powders can be 


formulated with dielectric constants from 


1.2 to 7.0 





development produced the first 
material, a 100% silicone resin,) 
shipped in the form of crumbled 
solids. The end-user melted the 
resin, adding an amine catalyst 
and a nitrogen-evolving blowing 


1 Dow Corning XR-543. 
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agent. The mixture was poured 
in place, allowed to expand, and 
then cured with heat. 

In 1953, this material was re- 
placed by a series of premixed 
powders.” Made up in the proper 
ratios of resin, blowing agent, 
catalyst, and filler, the powders 
melted and foamed _ simply 
through the application of heat. 
The finished foams were stronger 
than the previous materials, and 
the densities ranged from 10 to 
16 lb./cu. foot. 

Silicone foaming powders are 
expanded by means of a blowing 
agent® which decomposes into 
nitrogen gas and an alkaline by- 
product at 300° F. 

The silicone resins used are 
solventless polysiloxanes with 
melting points of 120 to 140° F. 
In the presence of an appropriate 
catalyst, they become thermoset 
through the condensation of hy- 
~® Dow Corning R-7001, R-7002, R-7003. 


8 a a ND, E. I. du Pont de Nemours & 
Co . nc. 


droxyl groups—giving them ex- 
cellent heat resistance. This char- 
acteristic, coupled with low ther- 
mal conductivity, suggests a broad 
potential for these silicone resins 
in the field of high-temperature 
thermal insulation. 


Making silicone foam 


To make a foam, the powder 
containing the blowing agent and 
fillers is simply heated above 
320° F. As the resin liquefies, the 
blowing agent decomposes, evolv- 
ing nitrogen gas, which expands 
the resin at the same time that 
the amine byproducts are cata- 
lyzing the condensation of the 
resin. Expansion and gelation are 
therefore synchronized, and the 
resin gels at its point of maxi- 
mum expansion. 

These materials are still being 
used in several applications. How- 
ever, they are limited by their 
relatively high density and by 
the high expansion and curing 
temperatures required. In several 
instances, the activating tempera- 
ture was higher than components 
which were to be insulated could 
withstand. 

It is believed that these objec- 
tions will be largely overcome by 
a new series of resins now under 
development. Designed to ex- 
pand and cure at normal room 
temperature, they form rigid 
foams with a density of only 4 to 
5 lb./cu. foot.* Laboratory evalua- 
tion indicates exceptional heat 
stability. They can be used con- 
tinuously at 600° F. or intermit- 
tently at even higher tempera- 
tures. The slow foaming reaction 
provides ample time for mixing 
and pouring. 

Expansion and curing depend 
upon a chemical reaction between 
the two components. The reac- 
tion is slightly exothermic, bu’ 
temperatures seldom exceed 15f’ 
F., even for very large pours. The 
reaction is complete in 15 minutes. 
Maximum strength is developed 
in 24 hours. Hydrogen gas is 
liberated as the expanding agent. 
The quantity of gas given off is 
small and has not presented any 
explosive hazards. However, the 
usual precautions should be ob- 
served when large quantities of 
foam are processed. 

Still more recent is the develop- 
~*Dow Corning QR-7161, QR-7131. 
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ment of silicone rubbers® that can 
be mixed and expanded in place 
at room temperature to produce 
lightweight foams with excellent 
resilience over a wide tempera- 
ture range. 


Properties 


Premixed powders: Typical 
properties of the three silicone 
foams that can be produced by 
the premix powders are sum- 
marized in Table I, p. 352. Of the 
three types, R-7001 can be foamed 
to densities ranging from 10 to 14 
lb./cu. ft.; R-7002 from 12 to 16 
lb./cu. ft.; and R-7003 from 14 to 
18 lb./cu. foot. The first two may 
be foamed-in-place. R-7003 can 
be foamed satisfactorily only in 
block or sheet form, but it is 
stronger and retains a greater 
degree of compressive strength 
at high temperatures than the 
others. 

Foamed structures produced 
from R-7001 are the most re- 
sistant to thermal shock. Samples 
have been cycled repeatedly be- 
tween room temperature and 600° 
F. without cracking, and have 
withstood 700° F. for 72 hr. with 
only slight dimensional change, 
and a total weight loss of less 
than 10 percent. Direct flame pro- 
duces only slight surface decom- 
position. 

Similar to R-7001 in most re- 
spects, R-7002 retains a consider- 
able amount of its compressive 
strength at elevated temperatures, 
especially if postcured for 48 hr. 
at 480° F. In many applications, 
the foam will cure and become 
stronger with use. 

Molds for silicone foams do not 
require preheating. The powder 
is simply poured into the cavity 
and heated by means of air- 
circulating ovens, strip heaters, 
heat lamps, or similar equipment. 
To insure against shrinkage, the 
structure should be exposed to 
the expansion temperature for at 
least four hours. The foam may 
then be removed or the tempera- 
ture raised in increments of 50° F. 
for postcuring. 

Room -temperature curing 
foams: Properties of the room- 
temperature curing silicone foams 
now under development are sum- 
marized in Table II, above. These 


_*® Silastic Q-9315 and Q-9316 (Dow Corning 
Corp.) 
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TABLE Il: Typical properties of silicone resin foams 





Property 


Density, lb./cu. ft. 

Compressive strength, lb./sq. ft. 
at room temp. 
at 500°F. 


Rigid’ Semirigid’ 


3.5 3.5 


900 
72 


at room temp. after 200 hr. at 500° F. 1152 
at room temp. after 24 hr. at 700° F. 1020 
Weight loss after 200 hr. at 500° F., % 6.4 
Volume loss after 200 hr. at 500° F., % 8.3 


Top service temp., continuous, °F. 


650 


Water absorption, lb./sq. ft. surface area 0.284 
Moisture vapor transmission, perm. in. 41.2 


Thermal conductivity, 


B.t.u./°F./hr./in. thick/sq. ft. at 77° F. 0.281 0.281 
Flame resistance, Lp 406 Method 2021-1 self- self- 


Dielectric constant at 10° cycles 
Loss tangent at 10° cycles 
Closed cells, % 


1 Based on QR-7131 (Dow Corning Corp.) 
2 Based on QR-7161 (Dow Corning Corp.) 


extinguishing extinguishing 
1.09 1.10 
.0028 .0103 

60 (estimated) 60 (estimated) 





materials are formulated as two 
liquid components which are 
blended in a high-speed mixer 
for 30 sec. and poured. The ex- 
pansion factor is in the range of 
7 to 10 times. Expansion is com- 
plete within 15 min., although the 
foam will be soft and tender for 
about 2 hours. After 10 hrs., the 
foam is hard enough to cut and 
handle. Density is usually be- 
tween 3.5 and 4.5 lb./cu. ft., de- 
pending upon the geometry of 
the cavity, ambient temperature, 
and quantity of foam processed. 
Finished foams based on these 


materials have withstood con- 
tinuous exposure to as much as 
600° F. They have excellent flame 
resistance, low thermal conduc- 
tivity, good electrical insulation 
properties, and a low order of 
water absorption. The heat of re- 
action and the expansion pres- 
sure are so low that forms of 
cardboard or heavy paper can be 
used. 

Rubber-like foams: Also in the 
development stage are the light- 
weight rubber-like foams* whose 


*Silastic Q-3-0030 and Q-3-0031 (Dow 


Corning Corp.) 





TABLE Ill: Silicone rubber foams 





Property 


Density lb./ ft. 


Silastic 
Q-3-0031 


Silastic 
Q-3-0030 


7-9 13-15 


Thermal conductivity, B.t.u./°F./hr./in. 


at 77° F. 

Color 

Weight loss, 200 hr. at 250° C. 

Volume loss, 200 hr. at 250° C. 

Compression set 22 hr./25° C. 
170° C. 

Dielectric constant 10° cycles/sec. 

Power factor 10° cycles/sec. 

Dielectric strength v./mil 

Volume resistivity 

Surface resistivity 

Compressive deflection at 25% 
at 50% 

Tear strength, p.s.i. 

Tensile strength, p.s.i. 

Elongation, % 


36 31 
Tan 

9.4 8.6 
75 5.9 
0 0 











properties are summarized in 
Table III, p. 353. Like the resinous 
materials, they are made by mix- 
ing two components. While mix- 
ing is simple, requiring only 30 
sec., the current materials must 
be poured immediately because of 
the speed of the reaction. Negligi- 
ble pressure is generated on the 
form. Molded parts can be re- 
moved within 5 min., although 
the development of maximum 
strength requires another 24 
hours. Their adhesion is excellent 
when cast against glass cloth or 
asbestos paper. For adhesion to 
metals, a primer is recommended. 
Finished pieces can be easily 
bonded to each other or to vari- 
ous metals with appropriate sili- 
cone adhesives. 


Applications 


Although the original interest 
in silicone foams was for possible 
use as core materials in high- 
temperature sandwich structures, 
most of the foams developed to 
date have proved too brittle to 
withstand the vibration encount- 
ered in this type of service. 

However, foams based on the 
powdered premixes have proven 
useful as molded components for 
aircraft, and as insulating ma- 
terials for instruments. 

In one water-detecting device, 
for example, the monitor must 
keep its internal sampling system 
at as constant a temperature as 
possible regardless of climatic 
conditions or sudden temperature 
changes which occur in _ the 
stream itself. 

After testing and discarding 
various thermal insulations, the 
company settled on silicone resin 
foam. The element housing is 
partially “plugged” in the center 
with a mandrel and the space be- 


tween plug and housing is par- 
tially filled with silicone powder. 
Heat activates the foam to fill the 
space, after which the plug is re- 
moved, leaving a 1-in. thick foam 
coating around the inside of the 
housing. 


Although the room-tempera- 
ture foaming materials are not 
yet generally available in the 
field, the resinous foam has 
demonstrated its convenience and 
effectiveness as thermal insula- 
tion on processing equipment in 
experimental applications. One 
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The equipment and mate- 
rials that are required in 
order to insulate a steam 
valve with room-tempera- 
ture expanding silicone 
resin include a mixing 
container, roofing paper 
form, multiple-paddle elec- 
tric mixer, and the two 
resin components (top 
photo). First, the roofing 
paper is wrapped around 
built-up insulation, and 
then secured to it with 
tape (center photo). The 
two components are mixed 
together for a period of 
approximately 30 sec., and 
the mix is then poured 
into the cavity (bottom 
photo). The foaming action 
of the expanding silicone 
is complete within 15 min., 
and full steam may be 
piped through the line in 
30 minutes. In order to 
provide for maximum 
abrasion resistance, the 
roofing paper form is left 
in place after the foaming 
action is complete 


technique has been developed, for 
example, which uses the material 
to insulate steam valves quickly 
and efficiently (see Figs. 1 
through 3, left). Conventional 
insulating materials were built up 
to the bottom of the valve bonnet 
while common roofing paper was 
wrapped around the valve itself 
to act as a mold. The components 
were simply mixed and poured 
through the opening at the top 
of the form. Less than 15 min. 
were required to insulate the 
valve. The roofing paper form was 
left in place after foaming and 
curing to serve as an outer pro- 
tective skin. 

A similar technique was used 
to insulate the oval barrel, about 
8 ft. long, on a plastic extruder. 
Dowtherm heated, the machine 
operates at 525° F. Because of its 
shape and piping arrangements, 
it is extremely difficult to insulate 
efficiently with any of the exist- 
ing materials. 

A galvanized sheet-metal form 
was fitted around the barrel and 
sealed with masking tape. Two 
9-lb. batches were poured simul- 
taneously through openings pro- 
vided in the top of the form. Ap- 
proximately 5 cu. ft. were filled 
with foam. Excess was trimmed 
off and the top cover bolted down. 
Again, the form was left in place 
to protect the foam from damage. 
The entire job required 8 man- 
hours, as compared to an esti- 
mated time required of 20 man- 
hours employing any of the con- 
ventional materials. 

Where applications with forms 
is not practical, the foam can be 
applied with a catalytic spray 
gun. Two components are sprayed 
through separate lines and mix 
outside the gun, where they then 
expand on the surface which is to 
be insulated. 

Silicone rubber foams have 
been suggested for application 
where resilience and low density 
are desired. They are now under 
consideration for vibration insu- 
lation, for foamed-in-place ther- 
mal insulation, and for cushioning 
around fragile electric com- 
ponents which need protection 
during their encapsulation in any 
of the various rigid potting com- 
pounds. 

The rubbery foams can be 
fabricated by a molding machine 
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with or without pressure, by dip- 
coating, continuous mixing, or by 
casting in place. 

It must be noted that the room- 
temperature curing silicone resin 
and rubbery foams are still under 
development. Their _ physical 
properties are gradually being 
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improved, and their fabrication 
and handling techniques are be- 
ing worked out as operators be- 
come more familiar with the ma- 
terial. Extensive testing programs 
are under way for evaluating 
these types of foams in a variety 
of applications. 





Low-density structural mate- 
rials are now available which 
have the inherent good properties 
of the epoxies, namely electrical 
resistance, durability, water re- 
sistance, and resistance to many 
chemicals. These are supplied 
either as one or more components 
for foam-in-place applications or 
in prefoamed slabs or blocks. 


Foam-in-place 

An interesting development 
available from one manufacturer! 
is a free-flowing powder which 
contains a balanced proportion of 
all the necessary ingredients to 
cause foaming and curing by 
simply heating to a range of 185 
to 250° F. The material can be 
stored for long periods if kept 
dry. A feature which makes this 
material of interest to electronics 
manufacturers is that the ma- 
terial foams slowly upon applica- 
tion of heat. Hence, production 
use is simplified. 

The resulting product can be of 
low- to high-density (ca. 4 to 40 
lb./cu. ft.), depending upon the 
formulation, and will have physi- 
cal strength proportional to the 
density. A 6 lb./cu. ft. foam may 
have compressive strength of 125 
p.s.i. while a 22 lb./cu. ft. foam 
may have more than 1000 p.s.i. 
compressive strength. 

Some of the applications for 
such foams include packaging of 
delicate electronic devices such as 
magnetic amplifiers or vacuum 
tubes. Such devices have success- 
fully withstood vibration and 
shock loadings of 50 G’s and up, 
and vibration frequencies varying 
from 5 to 500 cycles/second. Flo- 
tation is a good potential appli- 
cation due to the closed-cell 
structure and excellent water 
resistance of the foam. 

The powders used for low- and 
* Minneapolis-Honeywell Regulator Co., Plas 


Jept., 2753 Fourth Ave. S., Minneapolis 
Minn 
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high-density foams can be mixed 
in any proportion to provide foam 
densities at any level between the 
extremes. Or the density may be 
increased by confining the ma- 
terial during foaming. 

Another interesting modifica- 
tion provides foams of various 
dielectric constants varying from 
ca. 1.2 to 4.0 or more. Such ma- 
terials are suitable for use as 
high-frequency radar lenses due 
to the very small uniform bubbles 
in the foam. 

The two-component liquid 
epoxy foaming resins also avail- 
able from the same manufac- 
turer have somewhat higher heat 
distortion points and generally 
produce a foam of larger cell size. 
Heat is essential to the reaction 
between the two components and 
may be supplied externally or as 
a result of the preliminary reac- 
tion between the agents used. In 
all cases, postcuring at somewhat 


elevated temperatures is recom- 
mended for developing ultimate 
properties. 

To prevent undue exothermic 
action, which can cause inter- 
nal charring, built-in chemical 
energy usually 
used. Normally, electronic pack- 


absorbers are 


ages have enough thermal mass 
distributed through their volume 
so as to reduce the temperature 
rise to a low level. 

An epoxy system is available 
from at least two manufacturers” 
which 
energy of the epoxy reaction to 


utilizes the exothermic 
cause polystyrene beads to ex- 
pand volume. 
Thus, upon the curing of the 
epoxy, a rigid composite material 
of thermoplastic polystyrene 
beads is bonded together with the 
hardened epoxy resin. 


considerably in 


Prefoamed blocks 

Available from another manu- 
facturer® are prefoamed blocks of 
These blocks are 
made by simultaneously foaming 


epoxy resin. 
and curing an epoxy resin for- 
mulation under carefully con- 
trolled conditions. Since the final 
product is thermoset, it is un- 
affected by solvents, and has a 
temperature resistance expected 
of cured epoxy resin. It is classi- 
2 Dow Chemical Co. and Koppers Co., Inc. 


DuRafoam, D & R Pilot Plants, Inc Haz 


ardville, Conn 


Block of prefoamed epoxy is easily sliced with a pocket knife. 
Available in large sizes, blocks are useful for templates and models 











TABLE |: Physical properties of prefoamed epoxy blocks 





Property 


Compressive strength, p.s.i. 
Compressive modulus, p.s.i. 
Flexural strength, p.s.i. 
Flexural modulus, p.s.i. 
Tensile strength, p.s.i. 


-——Density, lb.'cu. ft —— 
5.6 10.3 17.7 





62 330 950 
-- 10,000 — 
419 820 
8320 27,000 
-- 490 





fied as a rigid foam and is readily 
machinable by ordinary wood- 
working tools. Because of its fine, 
uniform structure, and complete 
freedom from grain, it may be 
carved or machined with great 
ease, leaving a good surface on 
which finishing coats may be ap- 
plied. It has exceptionally good 
dimensional stability, and pieces 
fashioned from it show complete 
freedom from warping and ex- 
cessive dimension changes on ex- 
posure to moderately elevated 
temperatures and high humidity. 
The core structure is essentially 
unicellular, and therefore the ma- 
terial lends itself well to flotation 
applications. 

The foam itself is naturally 
cream-colored, with a tendency 
to turn tan-colored on exposure 
to light; but when the material 
is formulated to make the finished 
structure flame-resistant, the 
color will be a light metallic gray. 

The coefficient of thermal ex- 
pansion is essentially the same as 
that of normal cast epoxy resins 
—about 5 to 6 * 10 C. Other 
typical physical properties are 
shown in Table I, above. 

In its behavior under load at 
elevated temperatures, the ma- 
terial exhibits a yield point of 
around 100° C. 

Yielding of the material at ele- 
vated temperature is of a rubbery 
nature, indicating the basically 
gelled cross-linked structure of 
the resin. The deformation is re- 
coverable. 

The ability of the foam to move 
without crushing at elevated tem- 
perature enables one to postform 
the material into simple or com- 
plex curvatures, as needed. To do 
this the foam must be uniformly 
preheated to 250 to 300° F. Thin 
sections will heat up fairly 
quickly, but thicker sections 
should be allowed to heat for 
longer periods to compensate for 


the insulating qualities of the 
foam. The forming surface should 
also be at the same temperature 
as the foam, and the foam should 
be pressed to the desired contour 
without any exposure to cooling 
air. For best results, both the 
form and the foam should be 
heated in the same oven. After 
postforming, the foam should be 
cooled in place to a temperature 
of about 100° F. before freeing 
it from the mold. Because of the 
tendency towards elastic recovery, 
postformed materials should not 
be heated again above 180° F. un- 
less restrained. 

To illustrate the basic dimen- 
sional stability of the foam, a cube 
approximately 2 in. was heated 
for 24 hr. in an air-circulating 
oven at 350° F. The average 
change in each of the three dimen- 
sions of the cube indicated an 
average shrinkage of only 2.4% or 
a volume shrinkage of only 7 per- 
cent. Larger blocks, of course, 
would be expected to show a 
smaller shrinkage because of the 
lower surface-to-volume ratio. 
Samples exposed ten days at 100% 
relative humidity and room tem- 
perature showed no appreciable 
change in weight or dimensions. 

Applications: Large foam blocks 
available in sizes up to 1 by 2 by 
6 ft. are finding particular utility 
in tool rooms where they are ex- 
cellent basic materials for temp- 
lets, check fixtures, and models. 
They can be machined and 
finished to an accuracy greater 
than that obtainable with the best 
grade hard wood and will hold 
their dimensions because they are 
unaffected by humidity. They are 
markedly free from warping and 
twisting because of their freedom 
from grain or non-uniform areas. 
In the heavier densities they are 
very hard and strong, and this 
may be further enhanced by 
coating them with epoxy resins 


or polyester resins, either with or 
without fibrous glass reinforce- 
ment. 

Another suggested application 
is the making of building panels 
in which 2 by 6 ft. panels of any 
desired thickness may be coated 
on one or both sides with decora- 
tive skins, employing either poly- 
ester resins or epoxy resins; or 
aluminum foil may be bonded to 
the surface of the foam by any 
of the conventional adhesives. Be- 
cause of the large sizes of foam 
blocks available, the necessity for 
bonding blocks of foam together 
to make large specimens is con- 
siderably reduced, but in those 
cases where it is needed, any of 
the conventional adhesives may 
be used; epoxy adhesives are par- 
ticularly recommended. 
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BY LEON TALALAY* 


Wis field of cellular materials 
is indeed a fascinating one. Con- 
sumption of cellular products of 
all types increased from about 17 
million lb. in the first full postwar 
year of 1947 to approximately 
220 million lb. in 1956, and is still 
growing rapidly. It is estimated 
that by 1962, 400 to 500 million 
lb./yr. of cellular products will 
be made. 

In the last few years, cellular 
plastics materials of interesting 
and valuable properties have been 
developed. While as yet the total 
production of cellular plastics 
materials is relatively small com- 
pared to that of foam and sponge 
rubber, impressive strides have 
been made in the last couple of 
years. It is estimated that in 
1956, 16 million lb. of plastics cel- 
lular materials were produced, 
and that in 1957 this figure prob- 
ably amounted to somewhere in 
the order of 30 million pounds. 

One of the reasons for predict- 
ing a good potential for cellular 
plastics is that the field covers a 
large number of products which 
can be designed and formulated 
to perform rather specific func- 
tions; in contrast, cellular mate- 
rials based upon rubber have a 
relatively fixed range of proper- 
ties and are not as adaptable to 
specific application design. 

Cellular materials can be 
rather logically divided into rigid 
and flexible foams. There are a 
few products which are semirigid 
and do not fall well into either 
category, but uses are as yet rela- 
tively minor. 

The present major contenders 
in the field of flexible cellular 
materials are rubber, vinyl, and 
urethane. The major uses are: 
the large field of comfort cush- 
ioning; the field of shock and 
vibration absorption; and the field 
of rug cushioning. 


* Director of Research and Development, 
RB. F. Goodrich Sponge Products Div., B. F. 
Goodrich Co., Shelton, Conn. 

This article is based on a speech delivered 
fore the Cellular Plastics Div. Conference of 
the Society of the Plastics Industry, Inc. 


FLEXIBLE PLASTICS vs, RUBBER FOAMS 


Flexible Plastics vs. Rubber Foams 


Comfort cushioning: Comfort is 
a rather difficult thing to define. 
The property which probably best 
defines the use of a material in 
comfort cushioning is the stress- 
strain relationship. Figure 1, p. 
358, shows this relationship for 


four materials: rubber foam, 
vinyl foam, and two types of ure- 
thane foam (the upper curve is 
for the older type of polyester 
material, and the lower one is for 
polyether material). The materi- 
als shown on this compression- 
deflection curve are neither at the 
same density nor firmness, and 
are shown only to describe their 
general characteristics. 

Shock absorption: The major 
field of shock absorption so far 
has been in transportation, such 
as automobile crash padding; 
without doubt, however, many 
protective domestic applications 
remain to be developed. Figure 
2, p. 358, shows the hysteresis ob- 
served on loading and unloading 
the four types of materials under 
discussion. These data were ob- 
tained on an Instron machine at 
a rate of 10 in./min., and the ma- 
terials were compressed by 75% 
of their original height. 

Rug cushioning: A specific do- 
mestic application which could be 
classed as a shock-absorbing use, 
although it has comfort and 
utility value as well, is the use of 
flexible cellular materials in rug 
cushioning. Figure 3, p. 358, 
shows the effect on wear life 
which results from the use of 
cushioning under a carpet. There 
is a considerable improvement in 
the life of the pile of the carpet 
when it is placed over a cushion- 
ing material, rather than on a 
bare floor. 

The bottom line of this graph 
shows the loss of pile of a carpet 
with the number of revolutions 
of the Bureau of Standards carpet 
wear testing machine without a 
cushioning under it. There are, 
however, many other factors 


which affect wear life, such as 








thickness and firmness of cushion, 
ultimate compressed thickness, 
etc. 

This graph is merely to point 
out the improvement that results 
by using a cellular elastic mate- 
rial under a carpet, and not to 
assign a relative order of merit to 
these materials. 


Other properties 


Sound absorption: Figure 4, p. 
358, shows the absorption coeffi- 
cients of one rigid and three soft 
cellular materials, at various fre- 
quencies. These materials are 
quite good in the range of me- 
dium-frequency vibrations. 

Unfortunately, sound absorp- 
tion data are difficult to obtain, 
since the performance of the ma- 
terial depends on how it is 
mounted, where it is located in 
relation to the source of noise, 
etc. This is admittedly a rather 
limited analysis of the sound ab- 
sorption field, and serves only to 
point out that these materials can 
be made to perform rather well 
in sound absorption. 

The data for rigid polystyrene 
foam shown here would seem to 
show that it is not too satisfac- 
tory, but good results have been 
obtained in noise level reduction 
through the use of rigid cellular 
plastics ceiling panels which have 
a pattern of perforations through 
them. 

Tensile strength and elonga- 
tion: Figure 5, p. 359, shows a 
comparison of tensile strength 
and elongation at break of the 
various cellular materials. Ten- 
sile strength here is expressed in 
p.s.i.; and the open bars are the 
so-called tensile/density index. 
This is obtained by dividing the 
absolute tensile strength in p.s.i. 
by the density of the material 
tested in lb./cu. inch. Because the 
density at which these materials 
are made for a given load-carry- 
ing service might be widely dif- 
ferent, we believe that the ten- 
sile/density index is a _ truer 






357 





Fig. 1: Stress-strain re- 
lationship between four 
cellular materials. This 
property best defines the 
use of a material 
comfort cushioning 
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Fig. 3: Improvement in 
wear life of rug cush- 
ioning shows up notice- 
ably with the addition of 
a rug underlay fabri- 
cated of cellular mate- 
rials 
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Fig. 2: Hysteresis ob- 
served on loading and 
unloading cellular ma- 
terials helps determine 
adaptability of materi- 
als to products requiring 
shock absorbing proper- 
ties 
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Fig. 4: Sound absorption 
coefficients of three soft 
and one rigid cellular 
material. These materi- 
als are quite good in the 
range of medium-fre- 
quency vibrations 


expression of the comparative 
strength of these various cellular 
materials. 

Tear strength: Figure 6, p. 359, 
shows a rather more significant 
difference between rubber and 
cellular plastic materials as found 
in the property of tear resistance, 
which is another means of defin- 
ing the strength of a given mate- 
rial. 

This test is performed by tak- 
ing a sample approximately 6 in. 
long by about 1 in. wide by what- 
ever thickness it may be, making 
an incision parallel to its two 
broadside surfaces, and then pull- 
ing the two flaps apart. This is 
done on a tensile machine and the 
result is expressed as lb. pull/in. 
of width. The plastics cellular ma- 
terials are vastly superior in tear 
strength to rubber foam. 

Flexing properties: Figure 7, 
p. 359, shows the ability of a cel- 
lular material to withstand re- 
peated compression deformation, 
which is probably one of the most 
basic properties that it is re- 
quired to perform in the majority 
of applications. It is required to 
take repeated flexures in furni- 
ture, bedding materials, pillows, 
etc. 

The chart shows the softening 
or compression loss of the various 
materials as they are subjected to 
repeated flexing. There are two 
rates of flexing shown here—one 
is a low-speed flexing at one 
cycle per second and the other 
is a high-speed flexing at 25 
cycles per second. The low-speed 
flexing is carried out to 250,000 
cycles to a deflection of 50° of 
the original height. High-speed 
flexing was carried out to 180,000 
cycles, or a total time of 2 hr., 
and in this case, the sample was 
loaded to 25° deflection and vi- 
brated with an amplitude of +5 
percent. The loss of hardness of 
the sample was determined after 
the test at 50° compression. 

The significance of the high- 
speed flexing test is not too clear 
and it is doubtful whether any 
of the domestic applications re- 
quire this material to withstand 
high-speed flexing. These high- 
speed flexing data only apply to 
such things as_ transportation 
seating, aircraft, etc. 

Flammability: In general, it can 
be said that rubber foam, when 

& 
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made of natural or GR-S syn- 
thetic rubber, is a rather freely 
burning material. 
Vinyl foam is outstanding as 
it is exceptionally nonflammable. 
Urethane foams occupy inter- 
mediate positions and can be so 
formulated as to become self-ex- 
tinguishing. Of course, the reason 
that vinyl foam is rather out- 
standing in this respect is its 
high chlorine content. In fact, any 
polymeric system which has a 
chlorine content higher than 
around 38 to 40% will become 
nonflammable. In the rubber 
foam field, neoprene just about 
meets this qualification. 
Rebound elasticity: Figure 8, 
this page, rebound elas- 
ticity of various cellular materials. 
This is a rather simple test and is 
performed either by measuring 
the height of rebound of a steel 
sphere which is dropped onto the 
material or, in a somewhat more 
accurate method, by placing the 
sample on an inclined plane and 
measuring the trajectory of the 
steel sphere. Rebound elasticity is 
arrived at from the ordinary and 
potential and_ kinetic energy 
equations of elementary physics. 
The rebound elasticity of vinyl 
foam, as shown in the graph, is 
not very high, but this property 
is subject to a certain amount of 
change depending on the type of 
plasticizer used. The low rebound 
elasticity of the polyester ure- 
thanes is one reason why the ma- 
terial is an excellent shock ab- 
sorber. 
Heat 


few 


shows 


insulation: There are a 

where the 
flexible or semiflexible materials, 
particularly those of a closed-cell 
nature, are used. A typical ex- 
ample of a domestic application in 
fairly common use is closed-cell 
vinyl buckets. A 
rather recent development which 
might be classified as domestic 
use is the adaptation of thin sheet 
cellular materials in clothing. The 
clothing manufacturers, especially 
those who make outdoor sports 
garments, such as wind jackets, 
etc., have found that considerable 
warmth can be tailored into a 
clothing article by this means. 
Flexible urethane foam is the out- 
standing contender since it is ex- 


domestic uses 


semirigid ice 


tremely light, is supplied in rolls, 
and can readily be sewn. 
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Fig. 6: Tear re- 
sistance tests show 
marked difference 
between properties 
of cellular rubbers 
and the flexible cel- 


lular plastics 
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ticity of cellular ma- 
terials. Low rebound 
elasticity of polyester 
urethanes makes 
them good shock ab- 
sorbers 
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Foaming Agents 


BY H. H. HERRING* 


ai technology of forming 
cellular polymers continues to 
advance at a rapid pace. In recent 
years, cellular forms of a variety 
of synthetic polymers, including 
thermoplastic, thermosetting, and 
elastomeric types, have begun to 
challenge foam rubber in virtu- 
ally all of its applications. 

These new cellular materials are 
of both the interconnecting and 
non-interconnecting cell types. 
The former consists of a continu- 
ous cellular structure and is com- 
monly referred to as open-cell 
material. The latter type consists 
of tiny, discrete cells, each con- 
taining gas, and is commonly re- 
ferred to as closed-cell material. 
It is likewise possible to produce 
cellular polymers which contain 
a random combination of both 
open- and closed-cells. 

Several methods prevail for the 
preparation of cellular polymers. 
Only two of the methods involve 
the formation of gas in situ via 
chemical reaction of an added gas 
generant or foaming agent. In 
these cases, the source of gas for 
cellular formation is either from 
chemical blowing agents or from 
the reaction of isocyanates to 
produce carbon dioxide. 


Chemical blowing agents 


The use of chemical blowing 
agents is the older method and is 
applicable to several elastomeric, 
as well as resinous, polymers. 
Blowing agents are chemical 
compounds, which are stable un- 
der normal conditions of storage 
but decompose at a finite rate 
when heated under controlled 
conditions. The temperature and 
rate of decomposition and prod- 
ucts of decomposition of blowing 
agents may vary widely, but each 
of these properties is a function of 
chemical constitution and, to 
some extent, of the environment 
in which decomposition occurs. 

* Asst. Mgr., Sales Development, Explosives 
Dept., E. f du Pont de Nemours & Co., Inc., 


Wilmington 98, Del. 
References were prepared by the editors. 
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Blowing agents in commercial 
use today are both organic and 
inorganic in composition. How- 
ever, the organic type is the 
most commonly used. All of this 
type in use today evolve nitrogen 
as the primary gaseous product 
of thermal decomposition. In ad- 
dition to nitrogen, many of the 
organic blowing agents produce 
a solid residue, the nature of 
which is essentially dependent 
upon the chemical structure of 
the starting compound. The pos- 
sible effect of these solid residues 
on the ultimate properties of the 
cellular polymers should be care- 
fully considered in the selection 
of a blowing agent. 

The inorganic type blowing 
agents, until recently, consisted 
principally of simple salts which, 
under controlled environmental 
conditions, decomposed to release 
gas: ammonium carbonate and so- 
dium bicarbonate are typical ex- 
amples. Other inorganics which 
have been used, but to a much 
lesser extent, are ammonium 
nitrite and the reaction of alkali 
on aluminum, magnesium, or 
other metals which react to pro- 
duce hydrogen (1).1 

Last year, still another hydro- 
gen-producing inorganic product 
was recommended as a foaming 
agent. This was sodium borohy- 
dride (NaBH,) which is unique 
among blowing agents due to the 
large volume of gas produced per 
unit weight of compound. 

The organic blowing agents are 
adaptable to a wider range of 
polymers and exhibit greater ver- 
satility than the inorganic types. 
The commercially important 
products of this category are 
listed in Table I, p. 361. 

In the selection of a blowing 
agent, consideration must be 
given to several interrelated fac- 
tors, e.g., 1) type of polymer to be 
expanded or foamed; 2) type of 
cell structure desired; 3) possible 


‘Numbers in parentheses refer to Special 
References on p. 362. 


interactions between blowing 
agent or its decomposition prod- 
ucts and one or more components 
of the system; 4) type and con- 
centration of fillers on extenders 
present; 5) temperature and rate 
of decomposition of the blowing 
agent; and 6) properties impor- 
tant to the end product. 

There is no single blowing 
agent, however, which is suitable 
for use with all polymers and 
such a material is not likely to 
be developed. In fact, suitable 
blowing agents exist today for 
only a limited number of poly- 
mers. 


Incorporating the agent 


In practice, blowing agents are 
intimately incorporated into the 
polymeric mixture to be con- 
verted to cellular form. In the 
case of rubber and other essen- 
tially dry compositions, this is 
usually accomplished by milling 
or the use of Banbury or similar 
mixers. The heat generated dur- 
ing such mixing limits the choice 
of blowing agents to those which 
decompose above the tempera- 
ture normally attained by the 
composition. In the case of a plas- 
tisol, dispersion of the blowing 
agent may be achieved with con- 
ventional mixing equipment nor- 
mally employed for blending 
other components of the system. 
Certain compositions may _ re- 
quire grinding on a roller mill 
to achieve the required homo- 
geneity. 


Preparing closed-cell foam 


The preparation of unicellular 
or non-interconnecting cell struc- 
ture usually involves a two-step 
operation (2). First, the thor- 
oughly blended composition is 
heated in a closed mold capable 
of withstanding several thousand 
p.s.i. of internal gas pressure. 
Second, the cooled composition, 
now containing nitrogen under 
relatively high pressure, is re- 
moved from the mold and re- 
heated at atmospheric pressure 
at prescribed temperatures, to 
soften the polymer. This permits 
the volume of the material to ex- 
pand severalfold due to the high 
internal pressure. 

The first step is usually ac- 
complished in a hydraulic press 
equipped with heated platens and 
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with sufficient ram pressure to 
prevent opening of the mold dur- 
ing the blowing cycle. The heat, 
in addition to softening or melt- 
ing the polymer, decomposes the 
blowing agent with the release of 
nitrogen throughout the compo- 
sition. 

The proper selection of blow- 
ing agent is of key importance 
since complete release of gas 
must occur within a temperature 
range consistent with: 1) the 
thermal stability of the polymer; 
and 2) the specific conditions of 
cure or vulcanization for the 
polymer. The release of gases 
other than nitrogen is usually un- 
desirable due either to higher 
rates of diffusion in the case of 
low-molecular-weight types such 
as hydrogen, or to partial solubil- 
ity of the gas in the polymer. 

If the decomposition of the 
blowing agent is highly exother- 
mic, severe thermal decomposi- 
tion of the polymer may result. 
This is especially true with 
poly(vinyl chloride) and similar 
heat-sensitive polymers. With 
such blowing agents, the concen- 
tration which can be employed is 
greatly restricted with the result 
that minimum density levels are 
increased. With blowing agents 
exhibiting a low exotherm, quan- 


tities up to 50 to 60 parts per 
hundred resin (p.h.r.) may be 
used. 

The formation of products such 
as water from the decomposition of 
the blowing agent, which are 
gaseous during the heating cycle 
but condense when the cellular 
product is cooled, is objectionable 
since such products create exces- 
sive pressure in the closed molds 
and contribute nothing toward 
density reduction. Sudden and 
violent release of the gas from a 
blowing agent is also objection- 
able as this may lead to mold 
leakage and nonuniformities in 
cellular structure. 

Employing this basic two-step 
technique, it is possible to pro- 
duce unicellular PVC ranging in 
density from about 2 Ib./cu.ft. to 
45 lb./cu.ft., and from rigid to 
extremely soft and resilient types. 
Of special interest is the rigid to 
semirigid type containing from no 
plasticizer up to 30 to 40 parts 
p-h.r. (3). Du Pont BL-353 is a 
very effective blowing agent for 
the preparation of low-density, 
rigid, cellular PVC by this pat- 
ented technique. 

The decomposition temperature 
of some blowing agents can be 
lowered by activators or even by 
certain ingredients commonly 


employed in the composition to 
be expanded. This property gen- 
erally enhances the utility of the 
blowing agent by increasing its 
usable temperature range and the 
spectrum of polymers in which it 
can be used. 

The sometimes objectionable 
odor accompanying the thermal 
decomposition of N,N’-dinitroso- 
pentamethylenetetramine can be 
essentially eliminated via the 
technique of including in the 
composition finely divided urea, 
biuret, or tris(hydroxymethy]) - 
aminomethane (4,5). Also recom- 
mended and used on a commer- 
cial basis for this suppression of 
odor is a mixture of C-cetyl be- 
taine and finely divided urea (6). 


Preparing open-cell foam 


Interconnecting cellular poly- 
mers are also readily produced 
by means of blowing agents. 
Through the use of N,N’-dimethyl- 
N,N’-dinitrosoterephthalamide, it 
is now possible to convert PVC 
plastisols to open-cell foam. A 
wide range of formulations can be 
employed, thus allowing the for- 
mulator a wide latitude in choice 
of plasticizers, extenders, colors, 
and stabilizers. The technique 
(2, 7, 8) is again a two-step op- 
eration. First, the plastisol into 





TABLE 1: Principal commercial organic blowing agents 





Trade name 


le nam Gas generant 
Genitron-AZDN 


Porofor-N 


oc, oc’—Azobis (isobutyronitrile) 


| | 


eon ate Formula for gas generant _ 
a, «’-Azobis (isobutyronitrile) CH; CH; 


-_ Manufacturer 
Whiffen & Sons Ltd. 


NC-C-N =N-C-CN Bayer 


_CH; _ _CHs 





Celogen-AZ 1,1’-Azobis (formamide) ~ ‘Naugatuck Chem., Div. 
U. S. Rubber 
Whiffen & Sons Ltd. 


__ Bayer _ 


Genitron-AC 
Porofor-505A 
Porofor-DB 
Vulcacel AN 


Unicel-ND 


1,l’-Azobis (formamide) 
1,1’-Azobis (formamide) 
Diazoaminobenzene 
Diazoaminobenzene 


H;NOCN =NCONH; 


CH;-N-CH; 
: ; 


Bayer 
Imperial Chemical Ind. 








N,N’-Dinitrosopenta- 
methylenetetramine 
N,N’-Dinitrosopenta- 
methylenetetramine 


Du Pont 
Vulcacel-BN ON-N N-NO 

| Imperial Chemicals Ind. 
CH,-N-CH, 








H,CNOC <> CONCH, Du Pont 
No 


~_N,N’-Dimethyl-N,N’- 
dinitrosoterephthalamide 


BL-353. 


a “ p,p’-Oxybis (benzenesul- 
fonyl hydrazide) 
p,p’-Oxybis (benzenesul- 
__________—fonyl hydrazide) 
Genitron-BSH Benzene sulfonylhydrazide 
Porofor-BSH Benzene sulfonylhydrazide 





Naugatuck Chem., Div. 
U. S. Rubber 
Genitron-OB 


_ Whiffen & Sons Ltd. 
Whiffen & Sons Ltd. 
Bayer 
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which the blowing agent (2 to 20 
parts p.h.r.) has been uniformly 
dispersed is heated in open molds 
to bring about release of the gas 
and formation of the uncured 
foam. In the second step, the foam 
is heated at fusion temperatures 
to achieve maximum strength and 
other physical properties inherent 
in the composition. Densities 
ranging from 4.5 to 45 lb./cu/ft. 
are obtainable. This method is 
equally satisfactory for the 
preparation of slab stock, thin 
sheets, or molded items. 

The successful formation of 
open-cell PVC is predicated on 
the selection of a blowing agent 
which decomposes prior to gela- 
tion of the resin. Rate of decom- 
position must be such that gas 
release must not occur before 
partial solvation takes place and 
must be complete before gelation 
occurs. If gas release occurs 
otherwise, blowing efficiency is 
markedly reduced due to loss of 
gas before sufficient coalescence 
occurs or to channeling after 
gelation. The properties of N,N’- 
dimethyl - N,N’ - dinitrosotereph- 
thalamide render it uniquely suit- 
able for this application. 

Blowing agents have been used 
satisfactorily to form other cellu- 
lar polymers such as epoxy res- 
ins (9), silicone resins and rub- 
bers (10), and polyethylene. 


Diisocyanates 


The source of gas for the for- 
mation of polyurethane foams is 
from the reaction of a diisocy- 
anate with water or carboxyl 
group to produce CO.,. In prin- 
ciple, this method of foaming re- 
sembles the technique of using 
chemical blowing agents in that 
the gas generant is incorporated 
into the composition to be foamed 
and release of the gas can be 
initiated by controlled means. 

Contrary to the blowing agent 
method, no external heat is re- 
quired for release of the gas. 
Rather, the reaction is initiated 
catalytically (generally by addi- 
tion of certain amines), and is 
sustained by the exothermic heat 
of the reaction. Thus, cellular 
polyurethanes can be foamed-in- 
place. 


The concentration of diisocy- 


anate used will be dictated 
mainly by the composition of the 
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polymer and the desired density 
level. Polymer structure must be 
considered since one of the gas- 
generating reactions is also a pri- 
mary cross-linking __ reaction. 
Thus, if the polymer has a high 
acid number indicating a substan- 
tial number of carboxyl groups 
in the structure, the diisocyanate 
produces cross-links and gener- 
ates CO, via the reaction: 


RNCO + R’COOH > RNHCOR’ + CO, 


If, on the other hand, the polymer 
has very few or no carboxyl 
groups present, gas evolution is 
brought about via the reaction: 


2RNCO + H.O > RNHCONHR + CO, 


Moreover, the diisocyanate un- 
dergoes a third but non-gas- 
generating reaction: 


RNCO + R’OH > RNHCOOR’ 


This reaction is also a primary 
cross-linking one and the extent 
of its effect on finished foam 
properties is a function of poly- 
mer structure or more specifically 
on hydroxyl] content. 

Polyurethane foams with a 
wide range of properties are now 
produced commercially. Whereas 
low-molecular-weight polyester 
resins were first used extensively, 
the polyether resins have now at- 
tained significant commercial im- 
portance. The commercially im- 
portant diisocyanate used for 
cross-linking and gas generation 
is tolyl diisocyanate. 

Foams can be produced which 
range from a high degree of flexi- 
bility to very rigid types. Cell 
structure of flexible foams is es- 
sentially of the interconnecting 
type. Rigid foams may have either 
interconnecting cells or be uni- 
cellular, depending upon the resin 
used. The levels of diisocyanate 
used range from a few parts p.h.r. 
to upwards of 100 parts per hun- 
dred resin. 
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RIGID OR RESILIENT—With slight changes in formulations, vinyl foam 
in a wide range of hardness is possible with Du Pont BL-353 Blowing Agent. 


Make VINYL FOAM in a wide range of properties 
with Du Pont BL-353 Blowing Agent 


Multiple Uses * Du Pont’s general- 
purpose chemical blowing agent BL- 
353 releases nitrogen at a uniform 
rate when heated to form either vinyl 
foam or cellular vinyl. There is no 
end to what you can do with it. 


Yr 


i 


BL-353 for instance, makes foam 
for cushions, fish net floats, sheet ma- 
terial, semi-rigid foam shoe soles, 
boat fenders or children’s toys, to 
name the uses shown above. 


Variable Hardness and Density * With 
only slight variations in the for- 
mulations and processing conditions 
expanded vinyl] can be obtained in a 
wide range of physical properties— 
from rigid to soft and resilient and 
in densities from 2.5 to 35 Ibs.jcu. ft. 
Make It Thick or Thin * You can easily 
get thick or thin slabs of vinyl foam 
by fusing and curing with dielectric 
heat. Make it in thin sheets or in 
slabs up to 6” thick. 

Variety of Colors Possible « You can 
make your foam in any color you 
want including snowy white because 
Du Pont BL-353 imparts no color to 
the resin. It won’t affect odor either. 


Make Both Vinyl Foam and Cellular 
Vinyl «© With Du Pont BL-353 you 
can make either vinyl foam (with 
interconnected cells) or cellular vi- 
nyl (non-interconnected cells). Ei- 
ther way you get fine, uniform, cell 
structure throughout the sponge. 


Available in Commercial Quantities « 
Write for more information and ask 
for a sample of Du Pont BL-353 for 
your own product testing. You can 
get it in commercial quantities when 
you need it. Write to E. I. du Pont de 
Nemours & Co. (Inc.), Chemical 
Sales, Explosives Dept. MPE, 2543- 
Nemours Building, Wilmington 98, 
Delaware. 
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A SKILLED HAND IN CHEMISTRY ...AT WORK FOR You 








When it comes to foamed plastics, 
come to NOPCO 

... your most logical source 

for urethane foams 


(Prefoamed slabs and sheets) 


RESIN PRODUCTION ce 
ion '* 





(Foamed-in-place systems) 


No matter what your particular requirements— 
a foam that is rigid or flexible, foamed-in-place or 
in prefoamed slabs and sheets—Nopco can meet 
them with the method and material sure to do the 
job best. Nopco is a pioneer in the development 
and use of urethane foams. 


The Nopco technical staff is ready to work directly 
with your own engineers and designers to make 
sure that the urethane you use will give your prod- 
ucts maximum advantages at greatest econom) 
to you. 


Remember, no one material is suitable or economi- 
cal for every job. Let Nopco develop the right 

; AR one for you. Plastics Division, Nopco Chemical 
APPLICATION LABORATORY Company, North Arlington, N.J., and Los 
Angeles, Calif. 
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Basic Chemicals for Plastics 


BY JAMES M. CHURCH* 


Sarting materials for produc- 
tion of plastics resins are in many 
instances the same basic raw ma- 
terials from which many organic 
chemicals are made. In fact, it is 
next to impossible to distinguish 
between organic chemicals and 
the materials from which plastics 
resins are made, for they are one 
and the same. A good example of 
this is phthalic anhydride, a large 
bulk organic intermediate used in 
the production of dyestuffs, plas- 
ticizers, and alkyd resins. There- 
fore, in discussing the utilization 
of basic materials for synthetic 
resins, the inter-relationship of 
plastics intermediates and other 
organic substances such as sol- 
vents commonly used with plas- 
tics will be stressed. An attempt 
will be made to emphasize the 
many related products’ which 
originate from the same basic 
starting material, and find their 
way into plastics compositions of 
all sorts. 


Chemicals from acetylene 


Ever since World War II, when 
technical missions from the U.S. 
discovered the acetylenic chemis- 
try of Reppé in Germany, there 
has been a steady growth of a 
large group of chemicals pro- 
duced from acetylene. Many of 
these are the monomeric forms of 
some of the most important plas- 
tics, such as the vinyls. Others are 
more basic organic chemicals, 
such as acetic acid, which is used 
in the production of simple and 
polymeric acetate esters. 

Production of acetylene: The 


* Professor, Dept. of Chemical Engineering, 
Columbia University, New York, N.Y. 
Recent Developments and References were 
ed by the editors, 


majority of the acetylene manu- 
factured in this country comes 
from calcium carbide by a hydra- 
tion reaction with water. Two 
standard methods known as the 
“wet” and “dry” processes are in 
common use today. The main dif- 
ference is in the quantity of water 
employed in the reaction, result- 
ing in the formation of either a 
lime slurry or a dry lime hydrate, 
the latter being suitable for re- 
use in producing the calcium 
carbide. 

Another two processes have 
recently been developed for the 
production of acetylene from 
petroleum or natural gas. One is 
the Wulff process which involves 
a pyrolysis of lower paraffinic 
hydrocarbons such as butane to 
form the lower unsaturated hy- 
drocarbons, including acetylene. 
The other, known as the Sachsse 
process, consists of a partial oxi- 
dation of methane of natural 
gas to form acetylene, carbon 
monoxide, carbon dioxide, hydro- 
gen and water. The yields and 
economics of these latter proc- 
esses are less favorable than with 
the carbide processes and there- 
fore less competitive. 

Organic intermediates from 
acetylene: There are a large num- 
ber of common aliphatic organic 
chemicals which may be made by 
various reactions, starting with 
acetylene. Only those which are 
of major importance to plastics 
will be mentioned here. The first 
of these are the acetic acid prod- 
ucts which comprise a family of 
substances derived from acetic 
acid or its intermediate, acetalde- 
hyde. When acetylene is reacted 
with water in the presence of 


acetic acid and a mercury cat- 
alyst, acetaldehyde is formed. 
About 50% of this important in- 
termediate is produced by this 
reaction. Because of the reactivity 
of acetaldehyde, many related 
products may be obtained which 
include: acetic acid, acetic an- 
hydride, n-butanol, 2-ethyl hex- 
anol, ethyl acetate, butyric acid, 
and similar compounds, all of 
which are important to resin pro- 
duction. 

Polymer intermediates from 
acetylene: In addition to the sim- 
ple organic chemicals mentioned 
above, a large number of polymer 
intermediates, better known as 
monomers, are produced from 
acetylene. Most of these are of the 
vinyl plastic group and include 
vinyl chloride, vinylidene chlor- 
ide, vinyl acetate, polyvinyl al- 
cohol, polyvinyl acetals, and 
acrylonitrile. All of these are 
produced by the initial addition 
reaction of acetylene with hydro- 
gen chloride, acetic acid, or hy- 
drocyanic acid to form the 
corresponding monomers of vinyl 
chloride, vinyl acetate, or acry- 
lonitrile. It is interesting to note 
that the most common of the 
vinyl acetals is polyvinyl butyral, 
the plastic film in safety-glass 
sandwiches. This plastic is made 
from two intermediates obtainable 
from acetylene, namely, vinyl 
acetate and butyraldehyde. 

Another polymer intermediate 
is melamine, used in the produc- 
tion of melamine resins. It is re- 
lated to acetylene, for it is de- 
rived from calcium cyanamid, 
which in turn is produced from 
calcium carbide. In other words, 
instead of producing acetylene 
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RECENT DEVELOPMENTS 














High-purity (MTD, 


Aceto Chemical Co., Inc.) is used as an inter- 


meta-tolylenediamine 
mediate in manufacturing polyurethanes. 


Methyl butenol and methyl hydroxy butanone, 
derivatives of methyl butynol (Air Reduction 
Chemical Co.), have a wide variety of uses as 
intermediates in the synthesis of plastics, phar- 
maceuticals, and perfumes, and are suggested 
as solvent additives. Methyl hydroxy butanone 
can be used as an ultra-violet screener in plas- 
tics, furniture, and textile and leather finishes. 


Citraconic anhydride (Commercial Develop- 
ment Div. of Chas. Pfizer & Co., Inc.), a low- 
molecular-weight liquid, shows promise as a 
chemical intermediate in curing epoxy resins, 
and in preparing polyester resins. 


Isocinchomeronic acid (Ansul Chemical Co.), 
now available in commercial quantities, is sug- 
gested as an intermediate in the preparation 
of polymers, dyestuffs, insecticides, and phar- 
maceuticals. Its ring—nitrogen—offers possible 
increased dye receptivity in polymer applica- 
tions. 

Benzoguanamine (Tennessee Products & 
Chemical Corp.), an organic chemical similar 
in many respects to melamine, is adaptable for 
a wide variety of uses in the plastics industry. 
Produced in the form of free-flowing white 
crystals, benzoguanamine has a mild organic 
odor and is relatively nontoxic. Resins con- 
taining benzoguanamine are particularly serv- 
iceable in the manufacture of plastics, indus- 
trial finishes, paper products, adhesives, textile 
finishes, and molding compounds. It reacts with 
formaldehyde and alcohol to form triazine 
resin. 


A new inhibited decyl alcohol (Enjay Co., 
Inc.) yields improved esters and reduces 
manufacturing costs. The inhibitor protects 
alcohol during the esterification process and 
prevents any appreciable color formation. The 
additive is removed from the ester during the 
course of normal purification and no special 
treatments are required. In many cases it will 
be unnecessary to decolorize the ester further 
to obtain a product which has a very light 
color. 


Three amine boranes (Callery Chemical Co.) 
- dimethylamine-borane, 
borane, and pyridine-borane 


trimethylamine- 

are now avail- 
able in research quantities. These compounds 
are polymerization catalysts for styrene and 
inhibitors for acrylates and vinyl compounds. 
They act as selective reducing agents in non- 
aqueous solvents. 


Titanium dichloride and trichloride (The 
New Jersey Zinc Co.) are promising catalysts 
for isotactic polymerization of unsaturated 
hydrocarbons, such as ethylene, propylene, and 
butene. Both materials are free-flowing, dark 


purple, crystalline powders. 


Diborane (B:He), now available in commercial 
(Callery Chemical Co.), can be 


shipped as a compressed gas, stored indefinitely 


quantities 


at low temperatures, and handled safely with 
suitable precautions. Applications include use 
as a catalyst, intermediate, and reducing agent. 
Boron trichloride (Bellevue Laboratories, 
Inc.), used in the manufacture of rocket fuels, 
is also being investigated as a catalyst in vari- 
ous plastics manufacturing processes, 


One company has entered the field of chem- 
ical intermediates and specialties (Catalin 
Corp. of America) with fourteen new com- 
pounds, dinitrile azoisobutyric, 
used as a PVC blowing agent; a cinnamic alde- 
hyde derivative (Catalin UV -1) used as an 
ultra-violet absorber for methacrylate; sodium 


including: 


amide, used in the preparation of aminopyri- 
dines, dyestuffs, etc.; heptaldehyde, used as an 
accelerator for vinyl and rubber; and hydra- 


zine sulfate, employed in organic synthesis. 


Now available in semicommercial quantities, 
B-Chloropropionitrile (American Cyanamid 
Co.) is both an aliphatic nitrile and an alkyl 
halide. This bifunctionality makes it of interest 
in organic synthesis, especially in pharmaceu- 
tical and polymer chemistry. 


A new, synthetic organic chemical (U.S.I. 
Isosebacic, U.S. Industrial Chemicals Co.), a 
mixture of C-10 aliphatic dicarboxylic acids, 
is a promising intermediate for the production 
of plasticizers, ester lubricants, alkyd resins, 
reinforced plastics, polyamides, and polyure- 
thane resins, as well as other chemicals. It un- 
dergoes typical reactions of the dibasic acids. 
This chemical reacts with alcohols to yield 
both acid and neutral esters, and reacts with 
basic materials to give acid and neutral salts. 
It is a relatively stable material, not oxidized 
by air at ordinary temperatures. 


A new organo-functional silicon (Syl-Kem 21, 
New Products Dept., Dow Corning Corp.) can 
be copolymerized with acrylonitrile, styrene, 
vinyl acetate, and methyl methacrylate to yield 
a clear, tough, highly water-repellent plastic 
with a molecular weight of from 600,000 to 
700,000. The monomer may be used to prepare 
new organic polymers with unusual bonding 
properties and surface characteristics. 
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from calcium carbide, the latter 
is first reacted with nitrogen of 
the air at high temperatures and 
converted to calcium cyanamid. 
This solid material, which resem- 
bles calcium carbide, can then be 
reacted with water and acid to 
form which can be 
polymerized to melamine. 


Chemicals from ethylene 


Ethylene, a basic raw material 
which is obtained from the crack- 
ing of petroleum and natural gas 
hydrocarbons, is equally impor- 
tant for the production of organic 
chemicals, as well as for polymer 
intermediates. One of its largest 
uses is in the production of syn- 
thetic ethyl alcohol. It is also the 
basis for a large group of so- 
called 


cyanamid, 


which 
include such common chemicals 
as ethylene glycol, ethyl chloride, 
ether, and many ethyl esters. 
Production of ethylene: The 
production of ethylene is mainly 
a  supercatalytic 
lower _ paraffinic 
such as 


“petrochemicals,” 


cracking of 
hydrocarbons 
ethane and_ propane, 
which are previously separated 
from the higher hydrocarbons of 
cracked refinery gas. A_ typical 
cracked ethane-propane gas may 
of 25% 


consist methane, 15° 


ethane, 12% propane, 19% hydro- 
gen, 7% 


ethylene, 6°7 propylene, 
and 16% nitrogren, carbon mon- 
oxide, carbon dioxide, and minor 
ingredients. Separation of the gas 
constituents is an involved proc- 
ess mainly of absorption and low- 
temperature distillation, with a 
recycling of the ethane and pro- 
pane to the cracking unit. The 
final separated ethylene gas is 
made to a purity of 99.5 to 99.9°/, 
depending upon the use to be 
made of it. 

intermediates 
These 


produced by 


Organic from 


ethylene: materials are 
reactions 
with ethylene, which readily adds 
substances to the ethylenic bond 
for the formation of a large num- 
ber of ethylene derivatives. The 
hydration of ethylene, either di- 
rectly or via ethyl hydrogen sul- 
fate, is the main method for the 
production of ethyl alcohol. Ethyl 
alcohol in turn may be converted 
by dehydrogenation to acetalde- 


various 


hyde, which serves as a second 
source of this important interme- 
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diate for the synthesis of many 
aliphatic organic chemicals, as 
indicated in the above discussion 
of chemicals from acetylene. In 
similar manner, ethylene may be 
hydrochlorinated, using HCl in- 
stead of H.O, thus forming ethyl 
chloride, another important or- 
ganic intermediate used in the 
synthesis of ethyl cellulose. By a 
combination of oxidation and hy- 
dration, known as hydroxylation, 
ethylene glycol is produced from 
ethylene. Large tonnage of this 
chemical is being used in the pro- 
duction of alkyd and polyester 
resins, besides its better-known 
use as an antifreeze compound. 
There are also a large variety of 
ethyl compounds such as ethyl 
ether, ethyl acetate, diethyl 
phthalate, and other ethyl esters 
made from ethylene which find 
their way into plastics. 

Polymer intermediates from 
ethylene: The most important of 
these plastics is polyethylene. This 
material is formed by catalytic 
polymerization of ethylene, either 
under high pressures and high 
temperature for the conventional 
type of polymer, or at low pres- 
sures and moderate temperature 
for the high-density type. Poly- 
ethylene production requires eth- 
ylene of extremely high purity— 
99.9+-%. 

Second in importance of the 
polymer intermediates is ethyl 
benzene, the starting material for 
styrene production. It is made by 
alkylating benzene with ethylene 
in the presence of an acid catalyst. 
Acrylic esters are made from 
ethylene oxide or chlorohydrin 
derivatives through reaction with 
a cyanide to form the cyanohy- 
drin, which in turn is hydrolyzed 
and esterified. The cyanohydrin 
intermediate may readily be con- 
verted to acrylonitrile, which is 
widely used in the manufacture of 
acrylic fibers and as a modifying 
agent for the formation of many 
interesting copolymer resins. In 
the production of ethyl cellulose, 
ethylene, in the form of ethyl 
chloride, is used for the ethylation 
of cellulose. 


Chemicals from propylene 


Propylene, an important petro- 
leum hydrocarbon, is the basis for 


the higher C, aliphatic organic 


chemicals used in the manufac- 
ture of plastics. Processes em- 
ployed follow closely those used 
with ethylene and lead to the 
formation of similar compounds, 
many of which are the next 
higher homolog of the ethylene 
derivatives. Sources of propylene 
are mainly from the supercrack- 
ing of propane and butane mix- 
tures in a similar fashion to the 
formation of ethylene from ethane 
and propane. After separation of 
the propylene from the cracked 
gases, it is distilled to a purity 
which can be as high as 99.0 
percent. 

Intermediates from propylene 
By similar reactions, propylene 
can be hydrated, chlorinated, 
alkylated, cyanated, and polymer- 
ized to form a great variety of 
derivatives. No doubt the most 
important single organic 
pound obtainable from propylene 
is acetone. This is made by first 
hydrating propylene, in an indi- 
rect two-step process involving 
propyl hydrogen sulfate, to form 
isopropyl alcohol. The alcohol is 
then dehydrogenated by an in- 
complete oxidation with air to 
form acetone. Over 90% of the 
acetone which is produced in the 
United States of America comes 
from propylene. 


com- 


The hydroxylation of propylene 
by a combination of oxidation and 
hydration leads to the formation 
of propylene glycols, which are 
useful ingredients in the synthesis 
of polyesters. 

A group of products known as 
allyl derivatives have recently 
been developed and they in turn 
have been the basis for synthetic 
glycerine, as well as for the pro- 
duction of allyl ester resins. The 
reactions involved are numerous, 
but start with the high-tempera- 
ture chlorination of propylene to 
form allyl chloride. Hydrolysis of 
allyl chloride leads to allyl alcohol 
from which a variety of allyl es- 
ters may be made. Further chlor- 
ination of allyl alcohol and sub- 
sequent hydrolysis of the gly- 
cerylchlorohydrin, is the process 
by which synthetic glycerine is 
being produced. 

The alkylation of benzene with 
propylene is the start of the new 
cumene 
synthetic 


for producing 
which 
byproduct. The 


process 
phenol, yields 


acetone as a 
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propylated benzene or cumene is 
oxidized under mild conditions to 
the peroxide, which is simultan- 
eously hydrolyzed to phenol and 
acetone. 

The polymeric materials being 
produced from propylene include 
polypropylene, methacrylates, al- 
lyl ester resins, and propylene 
polyesters. The development of 
the first commercial process for 
producing polypropylene, which 
involves low-pressure polymeri- 
zation of propylene, was recently 
announced in this country. In- 
stead of being just another poly- 
olefin in competition with poly- 
ethylene, polypropylene, being 
an isotactic polymer, possesses 
unique properties which open a 
gamut of uses from fiber to film. 
Polymethylmethacrylate is pro- 
duced from propylene by a proc- 
ess similar to that for making 
acrylics from ethylene. The pro- 
cedure starts with acetone as the 
intermediate, which is cyanated 
with hydrogen cyanide; the 
cyanohydrin is hydrolyzed and 
esterfied to the methacrylic ester. 


Chemicals from butadiene 


Large quantities of butadiene 
were produced during World War 
II for the manufacture of syn- 
thetic rubber of the Buna-S type. 
Since then, research has disclosed 
many uses for this abundant 
starting material in the synthesis 
of organic and polymer inter- 
mediates. One of these is the pro- 
duction of hexamethylenediamine, 
an intermediate for nylon. The 
conversion of butadiene in this 
case consists of a series of reac- 
tions which include chlorination, 
cyanation, and hydrogenation to 
form the diamine. Another use is 
in the formation of copolymers 
with styrene, acrylonitrile, vinyl 
chloride, and other monomeric 
substances, where limited amounts 
of butadiene impart flexibility to 
the polymer. 


Chemicals from methane 


Methane, main constituent of 
natural gas, is becoming increas- 
ngly important as a basic raw 
material for organic intermediate 
production. “Coal, water, and air” 
lor the synthesis of organics has 
today given way to “methane, 
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water, and air” for the synthesis 
of a great variety of aliphatic 
chemicals. Synthetic methanol is 
being produced at a rate of over 
a billion pounds a year from 
“synthesis gas,” which is carbon 
monoxide and hydrogen. The pre- 
ferred source of this starting ma- 
terial is from the high-tempera- 
ture hydrolysis of methane which 
forms an excess of hydrogen; the 
older “water gas” from the reac- 
tion of coke and steam was de- 
ficient in hydrogen. The reaction 
of carbon monoxide with hydro- 
gen not only forms methanol, but 
also a variety of other alcohols, 
esters, ketones, etc., and is car- 
ried out at high temperature, high 
pressure, and _ with selective 
catalysts. The greater part of the 
methanol is used in the produc- 
tion of formaldehyde by an in- 
complete air oxidation process. 
Formaldehyde is an _ important 
plastic intermediate for the pro- 
duction of phenolic and urea 
resins, as well as in casein, soy- 
bean, and zein plastics. In the 
anhydrous form it serves as the 
monomer in the synthesis of the 
new’ polyformaldehyde 
resin known as Delrin. 
Synthesis gas is also used in 
the production of urea for both 
plastics and fertilizers. The syn- 
thesis gas (CO and H.) is further 
hydrolyzed at high temperatures 
over an iron catalyst to form addi- 
tional H, and CO,. These are 
separated by absorption of the 
latter in cold water under pres- 


plastic 


sure. The hydrogen is utilized in 
the synthesis of ammonia in a 
high-temperature reaction with 
nitrogen, which is obtained from 
the air by low-temperature dis- 
tillation. The synthesis of urea is 
another high-temperature, high- 
pressure reaction between the 
ammonia and carbon dioxide. 
Another intermediate, useful in 
the synthesis of acrylic and 
methacrylic monomers, is hydro- 
gen cyanide. Most of this is now 
being produced either directly 
from methane or indirectly via 
synthesis gas and ammonia. In 
the first instance, methane and 
together 
with oxygen of the air and in the 
presence of a platinum catalyst at 
high temperatures to form hydro- 
gen cyanide and water. In the in- 
direct process, methanol is first 


ammonia are reacted 









formed from the synthesis gas, 
and then further reacted with the 
carbon monoxide of the synthesis 
gas to form methyl formate, The 
latter is then reacted with am- 
monia to obtain formamide which 
in turn readily decomposes to 
hydrogen cyanide and water. Al- 
though much more involved, the 
indirect higher 
yields and less purification is re- 
quired. 


process gives 


Chemicals from higher 


paraffinic hydrocarbons 





The higher gaseous saturated 
hydrocarbons of propane, butane, 
and pentane are finding applica- 
tions similar to methane for the 
production of a variety of ali- 
phatic chemicals which are useful 
in the synthesis and compound- 
ing of plastics. A good example is 
the catalytic air oxidation of pro- 
pane and butane which yields a 
mixture of oxygenated compounds 
consisting of formaldehyde, acetic 
acid, propyl! alcohol, acetone, pro- 
pionic acid, butyraldehyde, and 
similar compounds. 


Chemicals from aromatic 


hydrocarbons 





Before World War II, the only 
source of aromatic hydrocarbons 
was cval tar, a byproduct of the 
coking ovens. The coal tar was 
separated, by complicated proc- 
esses, into many of its constituents 
but none of these was obtainable 
in a i:igh state of purity. Nowa- 
days, a great share of the aro- 
matic hydrocarbons are obtain- 
able from 


refinery 


through 
involving 
cracking, reforming, alkylation, 


petroleum 
processes 


cyclization, and dehydrogenation. 
Benzene, toluene, and_ similai 
common aromatics of high purity 
are thus obtained, as are also the 
newer alkylated benzenes. 

benzene: 
For many years, benzene has 
been basic to a host of aromatic 


Intermediates from 


chemicals, many of which are im- 
portant intermediates for plastics. 
Phenol, styrene, aniline, adipic 
acid, and maleic anhydride, all of 
which find uses in the synthesis 
of high polymers, are a few ex- 
amples. No doubt phenol is the 
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most important benzene deriva- 
tive; over 300 million lb. are pro- 


duced annually in this country 


here are three main processes 


for the conversion of benzene to 
phenol, involve’ three 
separate intermediates. The older 
and more common of these is the 
B.S.A. sulfonic acid) 
process involving the sulfonation 
of benzene’ and 


which 


(benzene 


subsequent 
caustic hydrolysis of the sulfonic 
acid to phenol. The second proc- 
ess utilizes chlorobenzene as the 
intermediate, which is formed by 
the chlorination of benzene. This 
in turn is hydrolyzed to yield 
phenol. The _ third 


mentioned earlier in the discus- 


process was 


sion of chemicals from propylene. 
It involves cumene (isopropyl- 
benzene) as the intermediate. 
Upon oxidation and simultaneous 
hydrolysis, the cumene is con- 
verted to phenol and acetone. 

Styrene, included in the earlier 
discussion of ethylene derivatives, 
is formed by first alkylating ben- 
zene with ethylene and then de- 
hydrogenating the ethyl benzene 
to produce styrene. Aniline does 
not find much use in the aniline- 
formaldehyde resins, but is useful 
in the synthesis of dyestuffs, anti- 
oxidants, and _ stabilizers, all 
essential in the compounding of 
plastics. 

Adipic acid, one of the nylon 
from 
cyclohexane, obtained either di- 
rectly from petroleum products or 
by hydrogenation of benzene. The 
latter source is preferred by one 


intermediates, is made 


of the larger producers. 


Adipic acid is produced by a 


nylon 


three-stage oxidation of cyclo- 
hexane: first to cyclohexanol, 
then to cyclohexanone, and finally 
to adipic acid. The present proc- 
ess involves air oxidation in both 
liquid and vapor phases and is 
quite complex and difficult to con- 
trol. 

Maleic anhydride, which is find- 
ing increasing use in the pro- 
duction of maleate polyester 
resins, is produced by the air 
oxidation of benzene. This proc- 
ess, unlike the air oxidation of 
cyclohexane, succeeds in ruptur- 
ing the ring and producing an un- 
saturated dibasic acid directly. 
The anhydride is recovered from 
the oxidation products by adsorp- 
tion in a mineral oil solvent, thus 
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preventing its hydration and pos- 
sible inversion to isomeric fumaric 
acid 

Intermediates from toluene and 
xylene: These materials are simi- 
lar to benzene and represent the 
methyl homologs of the ben- 
zene derivatives. However, the 
presence of another substituent 
on the benzene ring gives rise to 
isomeric products, some of which 
are difficult to separate. In place 
of phenol, the cresols, both para 
and ortho, are formed by either 
sulfonation or chlorination of 
toluene and subsequent hydroly- 
sis of the intermediate. Methyl 
styrene is now being produced by 
first reacting toluene with ethyl- 
ene to form ditolyl ethane, which 
in turn is decomposed at high 
temperature to form methyl 
styrene and toluene. 

Xylenols are synthesized from 
xylene in a manner similar to the 
production of phenol via the sul- 
fonic acids or chloroxylenes. The 
most important use for xylenes 
today, however, is in their con- 
version to the corresponding 
phthalic acids by air oxidation. 
Ortho-xylene, now obtainable 
from petroleum sources in high 
quality and at reasonable prices, 
is competing with naphthalene 
for the production of phthalic 
anhydride. Meta-xylene in a simi- 
yields isophthalic 
acid, and para-xylene gives the 
terephthalic acid. These latter 
phthalic acids are finding use in 
the polyphthalate-glycol ester 
resins, such as Dacron fiber and 
Mylar film. 


Intermediates from 


lar reaction 


naphthal- 
ene: Naphthalene, obtained chief- 
ly from coal tar, is one of the 
larger and more easily separable 
of the coal-tar constituents. Two 
main products derived from 
beta-naphthol 
and phthalic anhydride. The pro- 
duction of beta-naphthol (similar 
to the B.S.A. phenol process de- 
scribed above) involves the selec- 
tive sulfonation of naphthalene 
with oleum or concentrated sul- 
furic acid and subsequent alkali 
hydrolysis by high-temperature 
fusion to form the naphthol. This 
intermediate finds uses in dye- 
stuffs, which in turn are used as 
colorants in plastics. The conver- 
sion of naphthalene to phthalic 
anhydride is the same type of 


naphthalene are 


vapor phase catalytic air-oxida- 
tion process as described for 
phthalic ortho-xylene. 
Maleic anhydride is formed as a 
concomitant product with phthalic 
anhydride. 


Cellulose and furfural 


For a discussion of cellulose as 
a raw material for plastics, see p. 
93, for a discussion of furfural 
as a basis for the production of 
furane resins, see p. 119. 

Over one-half of the total pro- 
duction of furfural finds use 
as a chemical intermediate for 
the manufacture of hexamethyl- 
enediamine which is one of the 
starting materials for making 
nylon. Furfural is first decar- 
bonylated to form the parent 
hydrocarbon, furan, and this in 
turn is hydrogenated to tetra- 
hydrofuran. It is then reacted 
with hydrogen chloride to open 
up the furan ring and form the 
1,4 dichlorobutane. Upon cyana- 
tion of the latter with KCN, adi- 
ponitrile is formed and this is 
finally hydrogenated to the 
hexamethylenediamine. 


from 
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Colorants for Plastics 


BY WILLIAM H. PEACOCK* 


anes of plastics is such a 
complex job that it should be 
assigned to professional colorists 
having a working knowledge of 
plastics engineering, of colorant 
properties (2, 8),' and of visual 
and_ spectrophotometric colori- 
metry (3, 4). They should also be 
skilled in the art of color match- 
ing (7), and should have adequate 
reference, consultative, and labo- 
ratory facilities. 

Terminology: For a_ general 
understanding of the subject, the 
terms “color” and “colorant” 
should first be defined. “Color” 
has been defined (5) as a qualita- 
tive component of visual experi- 
ence, characterized by the attri- 
butes of “hue,” “value,” and 
“saturation.” It is, therefore, a 
psychological response or mental 
“perception,” existing in the brain 
of the normal-sighted human 
being. 

A “colorant,” however, is a 
physical entity; it is an ingredient 
which is used because it will 
strongly and selectively absorb 
and thereby modify incident light 
having wavelengths in the narrow 
spectral range of about 380 to 740 
u. It functions by changing the 
energy composition of incident 
white light; the altered signal, 
when transmitted or reflected to 
the optical system, induces a 
“color effect” in the mind of the 
viewer (3). 


Coloring plastics 


Most important, to the applica- 
tion of colorants to plastics, is the 
fact that colorants have different 
properties when used with dif- 
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ferent plastics. This is true to 
such an extent that the useful- 
ness of a colorant in one plastic 
is not a certain criterion of its 
suitability for coloring others. A 
colorant may be stable in one 
plastic and be destroyed in 
another; compatible in some, in- 
compatible in others; and its hue, 
transparency, fastness, and other 
features may vary with process- 
ing conditions. An_ interesting 
illustration of a fastness varia- 
tion is shown in the study (Fig. 
1, p. 374) of the “rate of fading” 
of a pigment scarlet-titanium 
dioxide colorant mixture in six 
different thermoplastics. The 
curves are plotted to show the 
total change (6) (calculated in 
ISCC-NBS [Judd] units) versus 
the hours of exposure to light in 
a Fadeometer at a black panel 
temperature of 155 to 160° F. The 
study discloses that this colorant 
blend is more adaptable to the 
coloring of acrylates, polyvinyl 
chlorides, ethyl cellulose, and 
polystyrene, than it is for cellu- 
lose acetates and polyethylenes. 

Discussed below are some of 
the factors which account for the 
different effects which colorants 
will have with various plastics 
materials. 


Effect of stabilizers 

Colorants vary in properties in 
some plastics compositions which 
are similar in type but which 
differ in formulation ingredients. 
Figure 2, p. 375, presents a study 
of the effect which three different 
stabilizer mixtures in a flexible 
polyvinyl chloride sheet stock 
have on the rate of fading of a 
pigment scarlet-titanium dioxide 
white colorant blend. It discloses 
that a stabilizer mixture of lead 
silicate, a barium-cadmium soap, 
and a chelator gave a slightly 
slower fading rate than either a 
lead silicate, Vanstay 16? blend, 
or a perborate complex in formu- 
lations otherwise the same. 


2 Trademark of R. T. Vanderbilt & Co. 


Ultra-violet absorbers: The 
newest light stabilizers are the 
ultra-violet absorbers, and their 
effects are frequently remarkable 
with those colorants faded chiefly 
by ultra-violet radiation. An ex- 
ample of their potency and use- 
fulness is shown in Fig. 3, p. 376, 
which discloses that the resistance 
to light of a Lake Red C barium 
toner was increased fourfold by 
the addition of 0.125% of UV 24° 
ultra-violet absorber to a trans- 
parent, rigid, polyvinyl chloride- 
acetate sheet stock. It is quite im- 
portant to note that this degree 
of improvement was obtained 
in a transparent plastic. In opaci- 
fied compositions there are com- 
plex transmission-reflection-film 
thickness factors in action which 
may cause the increase in fast- 
ness to be very much less. 


Effect of pH conditions 


A) In the manufacture, and 
particularly in the consumer 
end-uses of plastics, the pH may 
vary over a wide range of acidic, 
neutral, or basic concentrations. 
These conditions must be con- 
sidered when selecting colorants, 
since their stability may vary 
greatly with the pH and they 
may change in hue, solubility, 
fastness, and their effect on the 
properties of plastics (odor, flow, 
etc.). 

For example, many “acid” dyes 
are resistant to acidic conditions 
and their “color-acids” are usu- 
ally water-soluble and close in 
hue to their sodium salts. How- 
ever, in strongly basic materials 
they are, in general, less stable. A 
notable exception is metanil yel- 
low, a colorant expecially useful 
for phenolic-aldehyde since it is 
more resistant to alkalies than 
to acids. Another exception is 
eosine, the sodium salt of which 
is bluish-red and is highly solu- 
ble in water (32%), whereas its 
color-acid is orange in hue and 
very insoluble in water. Ex- 
amples of these among the pig- 
ments are the ultramarine blues, 
cadmium reds, and cadmium yel- 
lows. Under neutral-to-basic con- 
ditions, such colorants are useful 
for plastics, but when brought in 
contact with strong acids they are 
destroyed, with the concomitant 
release of malodorous byproducts; 
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these colorants are widely used 
for such plastics as well-washed 
polyvinyl chlorides, but are un- 
suitable for use in the poly- 
vinylidenes that tend to liberate 
hydrochloric acid when processed 
at high temperatures. They must 
also be used with caution in the 
coloring of certain cellulose esters 
and acidic scrap stocks. 

In contrast, the 
cyanide 


iron ferro- 

reasonably 
stable to acids but tend to form 
brownish hydrates when in con- 
tact with alkalies. 

Other colorants may react with 
alkalies, particularly at high tem- 
peratures, to 


blues are 


form gelatinous 


hydrates, aluminates, 


acids, 


zincates, 
etce.; and with including 
resin acids, to form reactive, often 
liverish salts. The oxides and sul- 
fides of antimony, iron, lead, and 
zinc, including the lithopones, also 
can react with hot, strong acids. A 
unique case is the slow formation 
of cloudiness, under ultra-violet 
radiation, in transparent polyvinyl 
chlorides stabilized with lead sili- 
cates. (Theoretically, at least, this 
may be due to the formation of 
lead chlorides and/or silica.) 
Even the remarkably _ stable 
chromium oxides have been found 
to be affected by strongly reduc- 
ing, acidic conditions. 

B) Catalysts often are basic or 
acidic in nature so that the choice 
of catalyst influences the choice of 
amine 
products such as hexamethylene 
liberate 
ammonia, whereas acid salts such 


colorant. For example, 


tetramine are bases, or 


as ammonium chloride tend to 
ionize to produce acidic condi- 
tions. 

C) When the pH conditions for 
the end use of plastics products 
are known or specified, it is ad- 
visable to select colorants re- 
sistant to the expected conditions. 
However, even when the acid- 
base concentrations are not speci- 
fied, colorists can often deduce 
them. For example, resistance to 
important in stocks 
tiles, laundry 
equipment, dishware, table tops, 
tube 
containers 


alkalies is 
used for floor 


razor handles, and caps 


and other parts of 
for dentifrices and toiletries. In 
contrast, use of acid-resistant 
colorants is indicated in stocks 
for certain chemical equipment, 
laboratory items, cases for acidic 
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batteries, and containers for vari- 
ous items such as hair rinses and 
condiments. 


Oxidation-reduction conditions 

A) As most organic colorants 
can be oxidized (bleached) and 
many coloring agents (azoics, 
oxides, chromates) can be re- 
duced (discharged), the presence 
of oxidizing or reducing condi- 
tions greatly influences colorant 
selection. For example, only a 
limited number of coloring agents 
are suitable for addition to mono- 
mers during peroxide-catalyzed 
polymerizations. It is important 
to note also that most organic 
colorants are rather active anti- 
oxidants, so that in addition to 
the bleaching of the colorants the 
colorist has to weigh the degree 
to which they in turn inhibit the 
curing of the plastics, e.g., poly- 


| 





esters, or the “drying” of oleo- 
resinous varnishes. Occasionally 
this anti-oxidant effect may be 
beneficial, as, for example, by 
tending to retard somewhat the 
development of carbonyl radicals. 
Sometimes a clue to the possible 
degree of anti-oxidant activity 
can be deduced from the chemical 
constitution of a colorant. For ex- 
ample, the very highly chlori- 
nated phthalocyanine green might 
be expected to be less anti- 
oxidant in action than the 
phthalocyanine blues, and ex- 
perience indicates this is true to 
a useful degree, particularly at 
low concentrations of the pigment. 

B) Under chemically reducing 
conditions, particularly 
ultra-violet radiation, 
colorants are altered or destroyed. 
The chemical constitution of the 
colorants again may offer some 


under 
some 
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New carbon black dispersions (Kenmix, Kenrich Corp.), formu- 
lated to customers’ requirements, are compatible with vinyls and 
polyethylenes, and overcome the moisture problems generally 
associated with the use of carbon blacks. 


A nonbleeding, bright, bluish B.O.N. red (Polaris Red CP-1285, 
Pigment, Color and Chemical Div., The Sherwin-Williams Co.) 
has a light resistance superior to other nonbleeding azo reds. It 
is useful in vinyls, polyethylene, synthetic fibers, and rubber. 


A line of paste colors (Ferro Corp., Color Div.) for liquid epoxy 
resins is furnished in a medium of 100°, epoxy resin and provides 
good color dispersion and high color stability. All specifications 
for color, shade, stability, and dispersion can be met. 


Five shades of bronze powders for polyvinyl chloride formula- 
tions and three shades for polystyrene compounds vary in tone 
from pale gold to deep gold (Hommel Chemical Co., Inc.). 


A new line of colorants (Stan-Tone GPE Colors, Harwick Stand- 
ard Chemical Co.) consists of pigments dispersed in low-molec- 
ular-weight polyethylene. The 50°, color-50% polyethylene dis- 
persion is compatible with polyethylene, vinyl compounds, and 
rubber. The colors are granular and nondusting. Another series, 
extended with high-molecular-weight polyethylene resin, is of- 
fered in pelletized form at any low pigment level desired. These 
are not recommended for vinyl! or rubber compounding. 


A new organic pigment (PV-Fast Red B, Farbwerke Hoechst 
AG) has outstanding fastness properties for the coloring of all 
plastics. It is especially valuable for polyethylene because of its 
good stability at high temperatures. This is the only organic red 
pigment which can compare in its fastness properties with the 
cadmium reds; it surpasses them in strength and brightness. 
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clues to their probable resistance, 
in this case to discharging, and 
is particularly reliable with the 
azoic dyes and pigments and 
highly oxidized inorganics. For 
example, azo complexes are often 
readily split at the -N=N- bond 
by strong reducing agents; and 
the graying of titanium dioxide 
whites in certain (amino) plas- 
tics, and the marked tendency of 
chromate yellow to go greenish 
in many plastics when exposed 
to ultra-violet radiations, may be 
due to the formation of lower 
valent oxide derivatives by re- 
ducing reactions. 


Integral color of plastics 

A) Many plastics, notably the 
alkaline phenolics, the furanes, 
asphalts, rubber compositions, 
petroleum polymers, and certain 
natural resins, have or develop 
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during processing more or less 
tinctorially strong  self-colors, 
usually yellows, browns, grays, 
or blacks. 

B) Frequently, crystal stocks 
tend to have or develop yellowish 
casts, and therefore require “blu- 
ing” to produce greenish or 
achromatic grays, or else the ad- 
dition of “brightener dyes” to add 
to their apparent “whiteness.” 

C) Scrap stocks: Undoubtedly 
the widest variety and most diffi- 
cult self-colors to adjust are met 
in the recoloring of multicolored 
recovered and scrap stocks. Prac- 
tically every batch of these ma- 
terials presents a difficult color- 
matching problem. In addition, it 
is usually necessary to adjust such 
properties of the mass as flow, 
flexibility, and degree of opacity. 
An example of the type of prob- 
lems presented is the case of a 











A colorless fluorescent agent (Tinopal PCRP, Geigy Industrial 
Chemicals, Div. of Geigy Chemical Corp.) increases brightness 
and whiteness of products made from polyethylene, styrene, 
vinyl, acetate, and other plastics. The agent converts invisible 
ultra-violet radiation into visible bluish light which acts to mask 


yellowing. 


A new synthetic pearlescent pigment (Rona Laboratories, Inc.) 
contains no lead and is nontoxic for all practical purposes. Pros- 
pective uses include toys, food containers, household and personal 
items, and drug and cosmetic packaging. 


An anionic emulsion (Velsicol W-617, Velsicol Chemical Corp.) 
of a hydrocarbon copolymer resin provides the optimum in pig- 
ment binding properties, yet is compatible with latex materials 
used in emulsion paint formulations. 


A new greenish benzidine yellow for blended greens (Benzidine 
Yellow Toner T 45-2460, American Cyanamid Co.) is notable for 
cleanness and greenness of tint, high transparency, good resist- 
ance to light, and is a good blending yellow for green effects. 
Another new colorant—phthalocyanine green (Cyan Green Toner 
15-3100)—has been specially processed to disperse more readily 
in plastics than prior types. It is said to possess good heat and 
light resistance and high tinctorial strength. 


Paste color concentrates (Ferro, Ferro Corp., Color Div.) are 
available combining maximum pigment concentration with a 
specially developed vehicle compatible with polyester resins. 
The vehicle will exhibit no plasticizing effect on the laminate 
and provides good shelf life stability. Colors especially developed 
for coloring clear gel coats or for use in matched-metal molding, 
and colored gel coats ready for application are also currently 


available. 
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dark-colored stock to which a 
bright, “high value” colored ap- 
pearance must be imparted. To 
do this it is usually necessary to 
add weakly colored or virgin 
stock and white or light gray 
pigments. However, large addi- 
tions of pigments will adversely 
affect flow, because of their “plas- 
ticizer absorption”; therefore, one 
feature complicates the other. A 
point of interest to purchasing 
agents is that scrap stocks origi- 
nally containing colorants that 
are fugitive can seldom be re- 
colored to get fast-color effects. 


Dispersion properties 

A) Some of the physical prop- 
erties of colorants that affect 
their dispersibility in plastics 
are: melting point, particle size, 
crystallinity, wettability, oil or 
plasticizer absorption, static 
charges, specific gravity, density 
or bulk in air, and their tendency 
to agglomerate, pack, or pill. 
Large aggregates of coloring 
agents must be broken apart in 
order to avoid colored specks or 
streaks. Colorants are usually 
readily dispersible in _ plastics 
processed at high shearing 
stresses, and containing polar 
groups. Greater difficulty is in- 
volved, however, in waxlike, 
highly lubricated, poorly wetting, 
nonpolar, and thin viscosity vehi- 
cles. 

B) The degree to which it is 
possible for the dispersion charac- 
teristics of colorants to affect 
process engineering factors is 
shown in the application research 
study in Fig. 4, p. 377. This illus- 
trates the “rate of dispersion” of 
a green-colored pigment mixture 
in polystyrene during hot-rolling 
at 350° F. It will be noted that 
58% of the colorant mix was 
readily dispersed during the first 
ten passes over the rolls, but 
nine times as much work energy 
was needed to disperse the re- 
maining 42 percent. The tinctorial 
value of the colorant mixture, an4 
the uniformity, hue, value, and 
saturation of the color effect pro- 
duced tended to alter continu- 
ously as the “development” or 
dispersion progressed. 

C) The presence of large, hard 
colorant particles or aggregates 
may affect other properties than 
the color appearance. For ex- 
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B- POLYVINYL CHLORIDE 
C- ETHYL CELLULOSE 


\ A- POLYACRYLATE 


D- POLYSTYRENE 


F POLYETHYLENE 








E- CELLULOSE ACETATE 


Fig. 1: Rate of fading of 
a pigment scarlet-tita- 
nium dioxide colorant 
in six different thermo- 
plastics. Fastness of the 
colorant blend does not 
show up as well for ace- 
tate and polyethylene 
as it does for the others 
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ample, in inflatables, such par- 
ticles may pop 
pinholes. 


out and leave 


Reactive plastics 


A) A closed mold is practically 
a reaction autoclave operating 
under heat and pressure. Con- 
sequently, when colorants are 
processed in reactive plastics in 
such chambers they are exposed 
to strong chemical attacks. For 
example, when phenolic or rubber 
articles are molded, the colorants 
are in contact with steam, am- 
monia, aldehydes, sulfides, and/or 
other excess reagents, sometimes 
for rather long periods. With 
urea-melamine-aldehyde plastics, 
the catalysts may be more acidic 
but the reactive conditions are 
probably equally severe. Even 
with thermoplastic or polyester 
polymers, excess peroxide cata- 
lysts may be present. They have a 
bleaching effect in monomer-to- 
polymer operations. 

B) Under high-temperature 
molding conditions there may 
be inter-reactions between the 
colorants and other ingredients 
such as catalysts, vulcanizates, 
anti-ozonants, preservatives, sani- 
tizers, fungicides, surfactants, and 
other special purpose agents. The 
degree of heat, pressures, time 
cycles, pH conditions, metals con- 
tacted, radiation processing, and 
other engineering variants tend to 
influence reaction conditions, and 
therefore the extent of changes 
in the properties of the colorants 
and the resulting variations in the 
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uniformity of color, the repro- 
ducibility of color-matches, and 
the fastness properties of the color 
effects produced. Some of these 
reactions may also cause stain- 
ing of the molds. 


Surface finish 


A) When the surface of a plas- 
tic is a continuous, smooth, thin, 
transparent stratum or skin, it 
appears glossy, and its presence 
affects the appearance by increas- 
ing the saturation and/or lower- 
ing the value of the color. Matte 
finishes reflect more of the in- 
cident light relatively unchanged 
(have more “scatter”). This has 
the effect of diluting the satura- 
tion, increasing the value, and 
sometimes changing the hue 
slightly. These latter changes are 
more pronounced when the sur- 
faces are embossed, contoured, or 
pebbled, because of their rather 
subtle, often complementary, 
colored shadows and other illu- 
sionary factors. 

B) In laminated plastics the in- 
terior layers frequently are for- 
mulated differently than the 
outer, sometimes decorated, sur- 
face sheets; consequently, they 
may appear different in color. 
For example, a brownish phenolic 
binder may be used for interior 
layers, and a nearly colorless 
amino resin binder used for the 
surface sheet. In fact, in certain 
stocks the difference in outer and 
interior colors is a planned effect 
to show a contrasting colored de- 
sign when portions of the outer 





surface are removed by grind- 
ing, sanding, routing or engraving, 
e.g., in signs and name plates. 

C) In cases where a matte finish 
is not a molded effect but is ob- 
tained by abrading away the 
outer, glossy surface layer, the 
exposed interior color also may 
not match the original gloss. 


Colorant classifications 


Coloring agents can be classi- 
fied into groups under numerous 
headings. For example, they can 
be separated into two groups 
with reference to ithe hue at- 
tribute of the color effects they 
induce, namely: a) “achromatic” 
(hueless) white, gray, and black; 
and b) “chromatic” (having hue), 
as red, orange, brown, yellow, 
green, blue, violet, etc. In this 
type of classification the colorant 
and its color effect are so closely 
associated that care must be taken 
not to interchange the terms. 

For application purposes, how- 
ever, coloring agents are con- 
veniently grouped as “dyes” or 
“pigments,” with the basis of the 
classification being their solubil- 
ity (dyes) or insolubility (pig- 
ments) in the trade vehicles. 
These properties are important 
factors when selecting colorants 
for plastics. For example, a “dye” 
is used when a colorant is re- 
quired to be soluble in such trade 
vehicles as aqueous sirups, spirit 
varnishes, liquid stains, lacquers, 
emulsions, latices, organosols, 
plastisols, plastigels, plasticizers, 
pastes and glues, mastics, putties, 
master-batches, hot-melts, and 
even in solid solutions in trans- 
parent glazes and resins. “Pig- 
ments” are selected when in- 
solubility in these vehicles is 
desired, as for “fastness-to-bleed- 
ing” specifications. 


Dyes 

A) As a group (1, 2), dyes are 
characterized by solubility, good- 
to-excellent transparency, bright- 
ness, a wide hue range of color 
effects, low plasticizer absorption, 
low specific gravity, and often by 
high bulk in air. Individual dyes 
may vary greatly from any others 
in their subgroupings, however, 
as to many of the characteristics 
that determine their adaptability 
and suitability for coloring any 
particular plastic. The self-color 
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of dry dye powders may be quite 
different than the color they im- 
part to materials. 

B) Polar solvents: The type of 
plastics to which any particular 
dye is adaptable may frequently 
be predicted by testing its degree 
of solubility in water or alcohol 
and in toluene. Dyes soluble in 
water usually also possess sub- 
stantivity for proteins such as 
casein and gelatin (“acid” and 
“chromeable” dyes) and/or for 
cellulosic fillers (‘“direct,” “de- 
velop,” “sulfur,” and “vat” dyes). 
Many of them are adaptable for 
coloring urea and/or melamine- 
aldehyde sirups, phenolic var- 
nishes and cast phenolics, cel- 
lulose esters and ethers, zein, ad- 
hesives (glue line), water-soluble 
binders, liquid hardeners, glycol 
polymers, the aqueous phase of 
emulsions, and flexographic inks. 
Dyes soluble in water usually are 
insoluble in petroleums, toluene, 
oils, and melted waxes, and gen- 
erally are not compatible with 
hydrocarbon polymers, notably 
polyethylene and polystyrene. 

C) Nonpolar solvents: Dyes 
soluble in toluene are generally 
insoluble in water, but tend to 
be soluble in various monomers, 
plasticizers, thinners, organosols, 
plastisols, phenol, cresol, cresylic 
acids, oils, waxes, and many bi- 
functional and/or other organic 
liquids, such as diacetone, ethyl 
lactate, glycol ethers, nitro- 
paraffins, aniline, chloro and nitro 
benzenes, naphthalene and hydro- 
naphthalenes, chloroform, ethyl- 
ene dichloride, stearic acid, fatty 
glycerides, and numerous solvent 
mixtures. They are usually adapt- 
able to the coloring of thermo- 
plastics of many types, notably 
the polystyrenes, the hydrophobic 
phases of emulsions, silicones, 
oleoresinous varnish stains, lac- 
quers, and other surface coatings. 


soluble in an amazing variety of 
solvent mixtures, often with im- 
portant synergetic effects. Such 
mixtures include acetone-alcohol 
(40%), acetone-water (13%), al- 
cohol-toluene (25%), aniline, 
benzene-chloro and nitro deriva- 
tives, cresylic acid, dioxan, fur- 
fural, fatty acids and alcohols, 
glycol ethers and polymers, ethyl 
lactate, mixed ketones, phenol, 
and pyridine. In some applica- 
tions the hydrochlorides 
hydrolyze to liberate hydro- 
chloric acid, which in turn may 
catalyze polymerization and con- 
densation reactions and/or form 
electrolytes that may affect elec- 
trometric results. 

In some thermoplastics the “oil- 
soluble” and “acetate” dyes are 
used alone to produce transparent 
automobile taillights, jewels, etc., 
and admixed with titanium diox- 
ide for translucent to opaque ef- 
fects. While such dyes are adapt- 
able for coloring rigid polyvinyls, 
they migrate much too readily to 
be practical colorants for the 
flexible types, or polyethylenes at 
high percentages, although they 
are widely useful at 0.001 to 
0.0002% concentrations for “blu- 
ing’ many thermoplastics. 

The so-called “brighteners” or 
“whitening dyes” are usually 
colorless until exposed to ultra- 
violet radiation. Then they pro- 
duce fluorescent color effects, 
usually blues. Consequently, they 


may 
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Fig. 2: A study of the 
effect which three dif- 
ferent stabilizer mix- 
tures in a flexible vinyl 


useful bluing 
agents that function additively to 
produce notably brighter “whites” 
than may be obtained by the use 
of the subtractive dyes. 

The ultra-violet absorbers are 
a relatively new group of slightly 
yellowish to colorless dyes, gen- 
erally derivatives of hydroxy- 
benzophenones, which, in con- 
trast to other absorbers, have the 
property of dissipating the near 
ultra-violet radiations, notably 
those between 320 and 390 uu. Con- 
sequently, they function not only 
to reduce the “rate of fading” of 
those colorants chiefly faded by 
ultra-violet action, but also as 
potent light stabilizers for many 
transparent plastics compositions. 
Most of those presently available 
are insoluble in water, are soluble 
in plasticizers and other organic 
liquids (consequently they can 
migrate), have melting points be- 
low 200° F., are reasonably stable 
to heat, and disperse readily in 
hot-processed plastics. The anti- 
oxidants and anti-ozonates may 
have some coloring action, but 
are usually used as stabilizers, as 
in rubber and other elastomeric 
plastics, and function by reacting 
with oxygen or ozone to delay 
oxidative degradation. 


are extremely 


Pigments 

Pigments are usefully classified 
for application purposes into two 
broad groups, namely, the organic 


They are the colorants usually sheet have on the rate _— ae 
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thermoplastic articles. scarlet-titanium dioxide 16} + — 
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chlorides (spirit-soluble), and the 
sulfonates (water-soluble) are 
the dyes used in largest volume. 
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and the inorganic types (8). The 
organic group is sometimes fur- 
ther divided into the tinctorially 
powerful toners and the lesser 
strength lakes. The latter are, for 
the most part, water-insoluble, 
heavy metal salts of “acid dyes” 
and blends or co-precipitates 
thereof with aluminum hydrate, 
or other substrates. The inorganic 
group is frequently subdivided 
into synthetic and natural types, 
although even the natural types 
require considerable processing to 
prepare them for use as colorants. 
In contrast to dyes, the self-color 
of many dry pigments closely ap- 
proaches that obtained when they 
are dispersed in plastics. 


For special coloring applica- 
tions, the colorant suppliers 
market solutions and/or  pre- 


dispersions of colorants in aque- 
ous or other vehicles, thermo- 
masterbatches, press 
cakes, and special-purpose types 
produced to meet carefully con- 
trolled specifications. | Conse- 
quently, the use of these special 


plastic 


colorants frequently facilitates 
the coloring of plastics. 
Organic pigments 

1) The organic toners are 


characterized by having a wide 
hue range, good brightness, high 
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tinctorial strength, relatively low 
specific gravity, high bulk, high 
oil and plasticizer absorption, and 
softness of texture. Individually, 
they vary greatly in their fast- 


ness to migration (bleeding, 
chalking, crocking, efflorescence) 
and resistance to heat, light, 


weathering, and reagents. 

The organic toners of greatest 
usefulness in coloring plastics 
are: 

a) The nonbleeding types of 
the betaoxynaphthoic (BON) 
reds (for polyvinyls, etc.) ; 

b) Lake Red C barium toner 
(for polystyrene) ; 

c) The low-cost but only mod- 
erately fast Lithol Reds, namely, 
sodium (orange), barium (scar- 
let), and calcium (maroons), use- 
ful for thermoplastics and rubber; 

d) The toluidine toners which 
are excellent for urea _ resins, 
oleoresinous enamels, and _ inks, 
but unsuitable in flexible poly- 
vinyls because they effloresce; 

e) The’ bronze, __onitraniline, 
dinitraniline, and benzidine 
oranges with relatively good light 
fastness but rather poor migra- 
tion resistance in the thermoplas- 
tics; 

f) The Hansa Yellows, bright, 
fast, and tinctorially powerful 
(yet with a tendency to effloresce 


Fig. 3: Comparison in 
light fastness between 
straight colorant 
(straight line) and col- 
orant plus ultra-violet 
absorber (broken line) 
added to vinyl sheet. 
Light fastness was in- 
creased fourfold by add- 
ing the absorber 
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from cellulose esters), which are 
excellent coloring agents 
amino thermosetting plastics; 

g) The widely useful benzidine 


for 


yellows and phthalocyanine 
greens and blues. 
The  phosphotungstate and 


phosphomolybdate derivatives of 
the basic dyes are useful where 
their brilliance and beauty of hue 
outweigh their limited fastness 
to light. 

The carbon blacks are used in 
great quantities in polyethylene, 
rubber, paper, and inks, but their 
high oil, plasticizer, and resin 
absorbencies (which affect flow 
and flexibility), their tendency to 
inhibit the functioning of per- 
oxides (and, strangely, of some 
anti-oxidants also), their adverse 
influence on electrometric results, 
and their brownish undertone and 
diminuation of surface gloss limit 
their adaptability for many plas- 
tics. They are used in relatively 
high percentages to improve the 
weather resistance and wearabil- 
ity of polyethylenes and rubbers. 

2) The lake complexes are use- 
ful where their good dispersion 
properties are needed, coupled 
with a degree of transparency 
approaching that obtainable with 
dyes. They are reasonably re- 
sistant to aldehydes and to heat, 
but their resistance to light is 
limited and is generally less than 
that of the dyes from which they 
are made. Their dispersion prop- 
erties make them useful in phe- 
nolics, and their transparency 
adapts them for coloring inks and 
metal coatings. 


Inorganic pigments 

1) The inorganic pigments have 
less anti-oxidant action and 
greater weather resistance than 
most of the organic pigments. 
They have high specific gravities; 
generally low oil, plasticizer, and 
resin absorption; tend to be hard 
in texture; and have moderate- 
to-good dispersion properties. 
Their stability and chemical re- 
sistance, while usually good, vary 
greatly with pH conditions. The 
ultramarine and iron blues are 
transparent and certain yellow 
iron oxides are translucent. Most 
of the inorganic pigments, how- 
ever, yield opaque effects. 

2) The inorganic pigments used 
in greatest volume in the plastics 
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field are the titanium dioxide 
whites and probably the iron 
oxide types. The “rutile” titanium 
dioxides are slightly yellower 
whites than the “anatase” types 
but are generally preferred for 
coloring plastics. Both types have 
high tinctorial power, extremely 
high opacity, excellent hiding 
power (1% opacifies a_ sheet 
0.025-in. thick) and excellent re- 
sistance to heat, light, and migra- 
tion. The zinc sulfides, lithopones, 
zine oxide, white lead, and anti- 
mony oxide white pigments are 
tinctorially weaker than _ the 
titanium dioxides, but have im- 
portant special uses in plastics. 
For example, some zinc whites 
are useful under reducing condi- 
tions, particularly with sulfides 
present, while the lead whites 
have a stabilizing effect on poly- 
vinyls. The antimony oxides are 
for “flameproof” compositions. 

3) The cadmium and the newer 
cadmium-mercury types _ yield 
bright color effects at strong con- 
centrations but rather dull pastels, 
and are sensitive to strong acids. 

The molybdate and chrome 
oranges are useful colorants when 
processed under 500° F., but are 
sensitive to strong sulfides, as are 
most lead-containing pigments. 

The lead chromate yellows 
have a stabilizing effect, whereas 
the zinc chromate yellows have a 
degrading action on _ polyvinyl 
plastics; both yield bright color 
effects. The lead chromate-iron 
blue (chrome greens) mixtures 
are excellent colorants for poly- 
esters, although they have dark 
masstones requiring the addition 
of some white pigment “to bring 
out the color.” 

The highly durable and useful 
chromium oxides yield opaque, 
tinctorially weak, soft-toned 
green color effects, yet tend to 
embrittle polyethylenes. 

The iron oxides, umbers, and 
siennas also yield soft-toned to 
dull colors, have low tinctorial 
power, generally good resistance 
to heat, light, and migration, but 
are coarse and hard in texture. 

The ultramarine blues possess 
excellent brightness and beauty 
of hue, good transparency, heat-, 
light-, migration-, and alkali-re- 
sistance. 

The ferric ferrocyanides (iron 
blues) have good transparency, 
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excellent light-, migration-, and 
acid-resistance, low specific grav- 
ity, high oil absorption, and 
moderate heat resistance, but are 
sensitive to alkalies and are best 
used with chelators present. 

The aluminum flake and other 
metal powders tend to produce 
opaque silvery grays, having good 
hiding power, excellent resistance 
to heat, light, and migration, but 
limited resistance to reagents. 

Certain specialty metallic sul- 
fide complexes become luminous 
pigments, exhibiting fluorescence 
and/or phosphorescence when ex- 
posed to ultra-violet radiation, 
under which they produce no- 
tably bright color effects. 
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RECENT DEVELOPMENTS | 





An improved liquid barium-cadmium stabilizer (No. 1212-A, 
Ferro Chemical Corp.) recommended for calendered, molded, ex- 
truded, and plastisol formulations, gives better initial and long- 
term heat and light stability, produces clearer vinyls, imparts 
less odor, and produces truer whites and colors. 


Vinyl for film, sheeting, and extrusions, as well as for plastisols 
and organosols, can now be stabilized with a liquid barium-cad- 
mium compound (Thermolite 112, Metal & Thermit Corp.) which, 
unlike conventional liquid Ba-Cd stabilizers, is free of all fatty 
acids and octoates. 


A benzotriazole derivative (CH3457, Geigy Industrial Chemicals, 
Div. of Geigy Chemical Corp.) protects plastics and other organic 
materials against the destructive effects of ultra-violet radiation. 


A light stabilizer for polyvinyl chloride (UV 9 Ultra-violet Ab- 
sorber, American Cyanamid Co.) is compatible with the resin 
system, does not affect the color or clarity of the resin, and does 
not affect the final properties of the fabricated plastic. It is ex- 
tremely stable to both light and heat. 


A low-melting anti-oxidant (AC-6, Catalin Corp. of America) 
provides (in low concentration) effective and economical pro- 
tection of polymeric materials against oxidative degradation at 
high temperatures. Low melting range of the material facilitates 
its incorporation in polyethylene, impact grades of polystyrene, 
waxes, petroleum hydrocarbons, rubber, and other materials. 


An anti-oxidant (Santonox, formerly Santowhite Crystals, Mon- 
santo Chemical Co.), long used in rubber, can be used in low- 
pressure-processed polyethylene. In many cases it helps to pre- 
vent loss of tensile properties and decreased flow when heat is 
applied by the processor. 





M any of the polymers used i: ing agents. The necessity 


the plastics industry exhibit in- these stabilizers has been 
sufficient inherent stability when 


The deleterious effects which the polyvinyl chloride field. 


occur during processing, and on 
aging of the finished product, can 
be diminished and, in some cases, 
completely prevented by the 


Vinyl! stabilization 


iboratories, Advan lvents & 
7 Car e Chemical Works, 
Jersey Ave., New Brunswick, 


were prepared by 


4) the conditions of use of the 


cepted by the industry and they 
subjected to processing conditions have contributed much to 


and to light and weathering. growth of plastics, especially in 


The need for a vinyl stabilizer 
is dependent upon several fac- 
proper choice and use of stabiliz- tors: 1) the properties of the 
vinyl resin itself; 2) the aux- 
iliary components of the mix; 3) 
the conditions of processing; and 


finished article. These factors are 
discussed in paragraphs below. 

1) Among the properties of the 
resin affecting stabilization are 
the method of polymerization, 
molecular weight, presence or ab- 
sence of residual catalyst, and/or 
surface active agents used in the 
manufacture of the resin. 

2) The other ingredients of the 
plastic mix, which are added to 
impart specific properties to the 
finished article, have a great ef- 
fect on stability. The use of plas- 
ticizers, fillers, pigments, and 
scrap vinyl may influence greatly 
the amount and type of stabilizer 
which must be used. For exam- 
ple, the use of certain phosphate 
and cchlorinated hydrocarbon 
plasticizers to impart nonflam- 
mability to the finished prod- 
uct usually impairs the heat and 
light stability of the resin. Fillers 
such as carbonates, silicates, alu- 
minates, asbestos, and clays must 
also be chosen with care due to 
the insidious effect which the im- 
purities in these materials might 
impart to the resin during proc- 
essing. 

3) The external influence of heat 
and exposure to air during the 
processing of the plastic mix is 
considered to be the prime cause 
of the polymer degradation. An 
intensive amount of work has 
been done by many investigators 
(1)' to explain the degradation. 
It is now an accepted fact that 
a dehydrochlorination reaction 
takes place, accelerated by both 
temperature and time, that re- 
sults in a conjugated polyene 
structure. Since these conjugated 
double bonds are chromophores, 
the intensity of the discoloration 
increases as the number of double 
bonds is increased. The use of a 
properly selected stabilizer inhib- 
its both the formation and the 
conjugation of double bonds. 

4) The desired end-use of the 
finished vinyl product also re- 
quires special attention. When 
long outdoor exposure is re- 
quired, for example, considera- 
tion must be given to the effects 
of oxidation, ultra-violet light, 
and atmospheric conditions. 

The effects of oxidation upon 
PVC resin degradation have been 
demonstrated by Boyer and other 


1 Numbers in parentheses link to Special Refer- 
ences listed on p 80 
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investigators (2) who showed, for 
example, that carbonyl groups are 
formed in the molecule. Recently, 
Winkler (3) postulated that the 
degradation of the PVC by ultra- 
violet light is caused by a photo- 
chemical reaction whereby a 
chlorine atom is removed from 
the chain. This atom, in turn, may 
extract a methylene hydrogen, 
thereby starting a chain of reac- 
tions leading to an unsaturated 
structure. It is possible to mini- 
mize the effects of ultra-violet 
light and oxidation by including 
small quantities of anti-oxidants 
and ultra-violet screeners in the 
stabilizer formulas. 


Inorganic acid derivatives 

Generally, vinyl stabilizexs may 
be classified into four groups: in- 
organic acid derivatives, organic 
acid salts, organo-metallics, and 
organic compounds. 

Inorganic acid derivatives are 
usually classed as being the old- 
est type of stabilizers in use. In 
this group are such compounds as 
basic lead carbonate, tribasic lead 
sulfate, dibasic lead phosphate, 
lead silicate, sodium carbonate, di 
and tri sodium phosphate, and the 
salts of poly-phosphoric acid par- 
tial esters. 

Of the above-mentioned stabil- 
izers, the lead salts find their 
greatest utility in electrical appli- 
cations. Usually, these lead com- 
pounds have the disadvantage of 
being insoluble in the resin, caus- 
ing the film to become opaque. 
They are also known to become 
yellow on aging, due to reaction 
with hydrogen sulfide. However, 
they are excellent hydrogen ac- 
ceptors and by using auxil- 
iary stabilizers, their effective- 
ness against degradation can be 
prolonged for a considerable time. 

The next most important sta- 
bilizers in this group are the salts 
of the poly-phosphoric acid par- 
tial esters, which are noted for 
their ability to impart light sta- 
bility to the PVC resin. 


Organic acids 

Salts of organic acids also have 
an important position in the vinyl 
stabilization industry. The com- 
monly used acids are stearic, 
lauric, ricinoleic, capric, caprylic, 
2-ethylhexanoic, maleic, phthalic, 
naphthenic and salicylic; the met- 
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als usually employed with them 
are lithium, magnesium, calcium, 
strontium, barium, zinc, cadmium, 
tin, and lead. Of these, the bar- 
ium, cadmium, calcium, and zinc 
compounds are considered to be 
the “workhorses” of the vinyl sta- 
bilizer industry. When used alone, 
barium or calcium salts prolong 
the heat stability of vinyl film. 
Early discoloration occurs but the 
film takes a considerable length 
of time to darken. The cadmium 
or zinc compounds impart excel- 
lent early color for a short period 
of time and then the film sud- 
denly turns black. The proper 
combinations of these stabilizers, 
however, provide a synergistic ef- 
fect which gives better results 
than any of the single constitu- 
ents. 

The salts of lauric, stearic, and 
ricinoleic acids provide excellent 
lubricity to the vinyl, whereas the 
lubricating effect of salts of acids 
such as 2-ethylhexanoic and the 
naphthenic acids are not as ef- 
fective. 

Mixtures of the above com- 
pounds, both as liquids and solids, 
are offered for most stabilizing 
problems. The compounder or 
technical service laboratory often 
works out a specific formulation, 
using single stabilizers and/or 
auxiliaries with these basic mix- 
tures in order to solve a particu- 
lar problem in clarity, early color, 
or long heat stability. 

The barium and zinc stabilizers 
are particularly recommended in 
vinyl systems with phosphate- 
type plasticizers, and with fillers 
containing iron or heavy metal 
impurities. 

Combinations of calcium and 
zinc are being recommended as 
nontoxic stabilizer systems. 


Organo-metallics 


A third group of compounds 
being used as stabilizers are the 
organo-metallics. The most im- 
portant of these are deriva- 
tives of alkyl tin. They include 
such compounds as di alkyl tin 
carboxylates, mercaptides, thia- 
zoles, sulfonamides, and alcohol- 
ates. Some of these compounds 
are outstanding in their ability to 
impart excellent clarity to the 
film. They are particularly rec- 
ommended in the production of 
crystal-clear extrusion and mold- 


ing stocks, plastisols, and organ- 
osols. It has been proposed by 
Kenyon (4) that the carboxylate 
type derive their superior activ- 
ity from the ability of the alkyl 
groups to detach themselves from 
the tin atom and repair the vinyl 
chain at the points where the 
double bonds have been formed 
by the dehydrochlorination. These 
tin compounds also act as scav- 
engers for hydrogen chloride. 
The organotin mercaptides are 
the most efficient type of this 
group. Exceptional heat stability 
and clarity can be obtained with 
these materials even at low con- 
centrations. They do, however, 
possess the disadvantage of cross- 
staining with lead, cadmium, and 
copper. Their major application is 
in processing rigid PVC, and also 
in other processes with certain 
types of PVC produced by the 
emulsion polymerization method. 
Since they do not impart effective 
lubrication to the plastic mix, the 
use of small quantities of min- 
eral oil is recommended. Recent 
improvements in manufacturing 
techniques have lessened the ob- 
jectionable odor usually associ- 
ated with this type of stabilizer. 


Organic compounds 


A fourth group of compounds 
used as polyvinyl] stabilizers are 
those of the organic type. They 
include such products as_ the 
epoxides, organic phosphites, ni- 
trogen derivatives, polyols, the 
ultra-violet absorbers, and anti- 
oxidants. 

The epoxides, since they are 
excellent hydrogen chloride ac- 
ceptors, are the most important 
compounds of this group. Repre- 
sentative of these compounds are 
the epoxidated oils and esters, and 
the epoxy resins, which are con- 
densation products of epichlorhy- 
drin and diphenylol propane. The 
epoxidated oils and fatty acid es- 
ters also act as plasticizers for 
PVC resins and therefore they 
are generally used as a partial 
replacement for the primary plas- 
ticizer. Their use in a resin for- 
mulation produces an excellent 
improvement in the heat and light 
stability of the plastic. These 
epoxy plasticizers are particu- 
larly effective when used in con- 
junction with phosphate - type 


plasticizers. The epoxy resins, 
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which are commercially available 
in a wide range of molecular 
weights, are not recommended for 
use alone as they have inadequate 
color inhibiting qualities; how- 
ever, they do form the basis of 
a considerable number of syn- 
ergistic combinations. For this 
reason they are used to a large 
extent in vinyl stabilizer formu- 
lations. 

(also 
boost- 
inhibitors to the 
haze formation in resins caused 


The organic phosphites 
known as chelators or 


ers) act as 


by metal chloride deposition from 
the action of some of the stabi- 
lizers. They have been found to 
improve the heat and light sta- 
bility of the primary stabilizers, 
and are generally most effective 
with barium-cadmium, cadmium, 
zinc, lead, and strontium com- 
pounds. 

The addition of a chelator to a 
stabilizer imparts good 
initial clarity and early color to 
the resin, together with prolong- 
ing the heat stability. It also helps 
to prevent embrittlement of the 
film as well as loss of film 
strength. 


system 


Organic derivatives, 
such as urea, alkyl ureas, thi- 
ourea, diphenyl thiourea, guani- 
dines, imines, and imides have 
been used as PVC stabilizers. 
They are known hydrogen chlor- 


nitrogen 


ide acceptors and in many in- 
stances act as anti-oxidants. Most 
of the activity in this field has 
been in Germany. 

Also important to the prob- 
lem of vinyl! stabilization are the 
ultra-violet absorbers and anti- 
oxidants. A good polyvinyl chlor- 
ide light absorber must be com- 
patible with all the components 
of the plastic mix, insoluble in 
water, relatively odorless and col- 
orless, and inherently stable to 
the absorption of light energy. 
Compounds such as the salicyl- 
ates and substituted benzophe- 
nones are particularly suitable. 
The alkylated phenols and or- 
ganic disulfides, along with the 
already-mentioned organic phos- 
phites, play a major role in pre- 
venting oxidation. 

The well-known heat-stabiliz- 
ing properties of the metal salts 
and the anti-oxidant properties of 
phenols may be combined in a 
single compound; in fact, the me- 
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tallic salts of alkylated phenols 
are currently being used as sta- 
bilizers. 


Stabilizer systems 


It is beyond the scope of this 
article to list all the possible ram- 
ifications experienced in the field 
of vinyl stabilization. A few typi- 
cal systems dependent upon spe- 
cific methods of fabrication are 
presented. Where maximum effi- 
ciency in heat and light stability 
is desired, the primary plasticizer 
is partly replaced by about 5 to 
10 parts epoxy-type plasticizer. 

If the plastic mix is to undergo 
a thorough premixing followed 
by calendering, a solid-type sta- 
bilizer is usually sufficiently dis- 
persed by the processing opera- 
tions to impart satisfactory per- 
formance. If, however, the plastic 
mix is a plastisol or organosol 
which requires simple stirring, 
a liquid stabilizer should be used. 

For general-purpose film and 
sheeting, the use of approxi- 
mately 1 to 2 p.hr (parts per 
hundred resin) of a_ barium- 
cadmium solid salt with 2 to 3 
p.h.r. of an epoxy chelator-type 
stabilizer is suitable. Where out- 
standing clarity and good initial 
color of the film are desired, the 
use of 2.0 p.hr. of a barium- 
cadmium liquid with auxiliaries 
and 0.5 p.h.r. of a zine complex- 
type is recommended. This par- 
ticular system may require addi- 
tional lubrication which can be 
obtained by using approximately 
0.25 to 050 p.h.r of stearic acid. 

For opaque rigid sheeting, 2 to 
4 phr. of a_ solid barium- 
cadmium mixed salt with auxil- 
iaries provides satisfactory per- 
formance. An alternative is the 
use of compounds of the organo- 
tin mercaptide type employing 
approximately 1 to 3 p.h.r and 
mineral oil or a wax as the lu- 
bricant. For special applications, 
these mercaptides may also be 
used for producing high-quality 
clear sheeting. 

In plastisol and organosol ap- 
plications, 1.5 to 4.0 p.h.r. of a liq- 
uid barium-cadmium salt with 
chelator can be used for general 
purposes. These stabilizers are so 
formulated that good viscosity 
and air release properties are 
imparted to the plastisol before 
fusion. For rotational molding of 


rigid or semirigid plastisols, the 
use of a stabilizer completely free 
of volatile matter is desirable. 

In extrusion systems, satisfac- 
tory performance can be obtained 
by employing 1.5 to 3.0 p.h.r. of a 
liquid or solid barium-cadmium 
compound containing auxiliary- 
type stabilizers or conventional 
lead stabilizers. With barium- 
cadmium types, the stability can 
be enhanced by using 1 p.h.r of 
an epoxy-type stabilizer. For 
high-quality clear flexible tubing 
the use of 1.5 to 2.0 phr of 
organotin stabilizer is indicated. 
The stabilization of extruded rig- 
id stocks is usually accomplished 
by employing the organotin mer- 
captides in much the same man- 
ner as.for rigid sheeting. 

These systems, as described 
here, are quite general and do not 
necessarily cover specific prob- 
lems such as cross-staining, plate 
out, and toxicity. It is common 
practice among stabilizer manu- 
facturers to carry several liquid 
and solid stabilizers so that spe- 
cific problems may be met. 
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Mold Release Agents 











A newly-developed resin mold release compound (Kantstik, 
Specialty Products Co.) is unique in that its lubricating proper- 
ties are obtained by means of dry film lubrication. The com- 
pound, an aqueous solution of complex high-molecular polymers, 
leaves a dry film on the surface of the molded resin form. The 
film need not be removed before finishing. 


A new releasing agent (Helix Releasing Agent, Carl H. Biggs 
Co., Inc.) makes it less difficult to release epoxies cured at higher 
temperatures from metal molds. Because of the lack of shrinkage 
in epoxy compounds, molds should have a removable bottom or 
side, so that the plastic part may be tapped out. 


A clear grease resin release (Resin Release N, Specialty Prod- 
ucts Co.) contains no silicones or wax, yet it will not change 
viscosity or melt at temperatures far above those ordinarily used 
in processing molded or laminated parts. It is water-repellent 
and unaffected by moisture. The grease is soluble in toluene, 
xylene, and related hydrocarbons. 


Two new spray-on parting films, one in royal blue (V-264, 
Plastic Color Dept., Ferro Corp.) and the other transparent 
(V-28), are intended for polyester and epoxy molding. The 
colored film guides the sprayer in applying the proper thick- 
ness; the transparent film need not be removed from the end- 
product. Films consist of polyvinyl alcohol in a water-alcohol 


liquid medium. 


A spray-type film-forming agent (Lunn-Lease, Lunn Lami- 
nates, Inc.) which is quick drying and non-bridging, is now 
available commercially and is designed especially for use in rein- 


forced plastics molding. 





Wises is more to the problem 
of mold release agents than the 
choice of a correct one. Poor mold 
design, waviness in sidewalls re- 
sulting in reverse draft or too 
much or too little pressure or 
heat, too short cure time, and 
other similar factors can influence 
the parting problem. 

The releasing problem has been 
most acute in the molding of rein- 
forced plastics. The polyester, 
epoxy, and polyurethane resins 
used, for example, are good adhe- 
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sives and will stick to the mold. 
The effect of reinforcements, fill- 
ers, pigments, and catalysts fur- 
ther complicate the problem. So 
does the fact that in reinforced 
plastics, many materials are used 
in making molds: plastic, wood, 
plaster, and sprayed metal, as well 
as electroformed, sheet cast, and 
wrought metals. In addition, the 
size of parts can range from small 
cable clamps to radomes hun- 
dreds of sq. ft. in area. 

For these reasons, while this 
article will discuss the subject of 
mold release agents in general, 
specific emphasis will be placed 






on the use of agents in the rein- 

forced plastics molding field. 
Fundamental principles for the 

successful 


release of a molded 
part from its mold are: 

A) Any porosity in the mold 
surface should be eliminated by 
the best available means. If seal- 
ers are used for this purpose, care 
should be taken that they are not 
inhibited by the mold material or 
subject to attack by the parting 
agent to be used or the plastic to 
be molded. 

B) The mold should be prop- 
erly designed for draft, knockout, 
and heating and cooling provi- 
sions. 

C) The better the surface fin- 
ish, and the cleaner the mold sur- 
face, the better will be the release 
of the part. 

D) In molding thermoplastics, 
the release agent can be a lubri- 
cant compatible with the plastic. 
Dispersed in the plastic, it tends 
to reduce the pressure required 
for flow. Applied to the mold sur- 
faces, it lowers the friction on the 
surface and, consequently, the 
pressure requirement. At lower 
pressures, less melt is squeezed 
into the mold to get a good part, 
so there is more clearance around 
the part when cooled. With more 
clearance, removal is easier. 

Many of the release agents, e.g., 
silicones, can be applied so as to 
give multiple release but, except 
for the semipermanent mold coat- 
ings, they are generally applied at 
each molding cycle at very low 
concentrations. 

Permanent-type lubricants that 
can be sprayed on the mold and 
allowed to dry are also available. 

E) In molding most thermosets 
of the low-pressure (usually re- 
inforced) type, i.e., polyesters and 
epoxies, the pressure-versus-flow 
problem hardly exists. Here the 
need is for a barrier agent to pre- 
vent adhesion of the part to the 
mold. This agent must be inert to 
the mold material, the resin being 
molded, as well as to the rein- 
forcements, fillers, catalysts, and 
pigments under conditions of heat 
and pressure used. 

F) Molding high-pressure ther- 
moset compounds, i.e., melamine, 
phenolic, urea, etc., faces a com- 
bination of the above problems. 
Agents incorporated into the 
molding compound (which con- 
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sequently reduce pressure re- 
quirements) and _ barrier agents 
applied to the mold 
(which also promote flow) are 
used to facilitate release. Gener- 
ally speaking, these thermoset 
resins are not as adhesive in na- 
ture as the low-pressure variety, 
nor are they as difficult to work 
with. 


surface 


Applying the agent 

As has been indicated, release 
agents should be chemically inert 
and heat-stable, so that there will 
be no chemical attack on molds or 
molded parts and no carbonace- 
ous deposits. Low surface tension 
to give rapid, complete mold cov- 
erage, and low volatility to pre- 
vent dissipation are desirable. 
Release agents should be selected 
to provide good surface appear- 
ance detail to molded parts, to 
give longer mold life, lower mold 
clean-out time, and maintenance 
costs. 

If the molded part is to be 
painted or otherwise finish-coated 
after molding, the release agent 
proposed should first be tested to 
determine that the release film 
on the part will not interfere with 
subsequent finishing. 

Surface release agents are 
available as fluids, water-dilut- 
able emulsions, greases, and sol- 
vent solutions. The materials on 
which these are based include sil- 
icones, oils, petrolatum, fatty ac- 
ids, and polyethylene glycols. 

Barrier agents include poly- 
vinyl alcohol, methyl cellulose, 
carboxymethy] cellulose, hydrox- 
yethyl cellulose, and agar-agar. 

Lubricants which can be added 
to molding compounds include 
metallic soaps and soap mixtures, 
graphite, oils, and fats. 


Mold surface 

A perfect part emerges only 
from a properly prepared mold. It 
is imperative that in addition to 
use of the proper release agent on 
porous and nonporous surfaces, 
the molds be cleaned carefully. 
filled, and polished to obtain easy 
release of the part. 

Porous molds such as_ those 
made of plaster, ceramics, wood, 
and concrete should be _thor- 
oughly dried after cleaning. Plas- 
ter molds retain their dampness 
a long time and it is necessary to 
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dry them from 3 to 12 days in a 
circulating-type warm air oven at 
125 to 150° F. A sealer which does 
not affect the mold or mold mate- 
rial should be applied carefully 
on porous molds. Some fillers im- 
part a glossy surface as well as 
filling voids. 

Cast or wrought metal molds do 
not require a sealer but must be 
cleaned and polished. In rein- 
forced plastics molding, highly- 
polished steel or plated molds, 
once broken in, necessitate little 
or no subsequent treatment with 
mold release agents. 

To achieve the smoothest luster, 
expert sanding of the surface with 
a 320 or 400 grit is required, then 
polishing with a buffing com- 
pound, taking care that waviness 
is removed, especially on side 
wails where release of the part is 
a function of shear between the 
part and the mold. 


Types of releases 

Mold release agents are avail- 
able in the following forms: 1) 
films; 2) film-forming solutions; 
3) waxes in solid, paste, and liq- 
uid forms; 4) lubricants in vari- 
ous viscosities; and 5) powders. 

1) Films such as cellophane or 
polyvinyl alcohol are available in 
clear transparent or colored for 
easy identification. Generally films 
can be used only once and are 
suited only for flat or simple 
curved surfaces. Such film cannot 
be used over compound curves 
because of wrinkling, unless pre- 
formed in advance by drawing. 
Films can be applied over un- 
sealed porous molds as the mate- 
rial is tough enough to bridge 
mold pores and voids, thus mak- 
ing release possible. PVA sheet- 
ing is soluble in water, so care 
should be taken to keep it dry and 
use it only on well-dried mold 
surfaces. 

2) Film-forming parting agents 
are generally used in the rein- 
forced plastics industry for bag 
and contact molding on porous 
molds of compound curvature 
such as plastic, wood, plaster, and 
concrete. An impervious barrier 
is formed, thus preventing the 
resin from attacking the mold 
chemically or mechanically. 
Spray-type film-forming agents 
are quickest and easiest to use, 
and produce glossy surfaces. 


3) Waxes may be used as com.~ 
bination parting agent and sealer 
on porous molds. As a sealer they 
work best only under a film- 
forming parting agent. Waxes 
generally leave a carbonaceous 
deposit on the finished part and 
the mold. To ease the problem, 
water-soluble waxes have been 
developed which permit the wax 
to be applied in a molecular-thin 
coating on the mold which leaves 
no. apparent deposits on the sur- 
face after repeated cycling. 

4) There are many varieties of 
lubricants used as parting agents. 
The individual molder should try 
several kinds to ascertain which 
work best for him. Lubricants are 
preferred to waxes by most rein- 
forced plastics molders for pol- 
ished or plated steel molds, as 
they do not leave deposits on the 
mold surfaces to the extent waxes 
do. When proper lubricants are 
used on polished or plated steel 
molds, a good release can be ob- 
tained and the mold requires only 
occasional relubricating. 

Petroleum jelly is used on 
aluminum molds with successful 
results; stearic acid is preferred 
for phenolics but should not be 
used with polyester resins as it 
inhibits the cure; oil and grease 
graphite mixtures have been used 
with polyester materials quite 
successfully; silicones are good 
parting agents for phenolic molds 
and possess high flash and fire 
points with superior resistance to 
oxidation. For better visibility, 
silicones can be colored. 

5) Powders: Stearates made 
from aluminum, barium, butyl, 
calcium, lead, magnesium, and 
zinc base are the better-known 
powder preparations. The disad- 
vantage of the possible remaining 
dust particles, which affects the 
surface finish, has curtailed ex- 
tensive use of powdered sub- 
stances for mold release purposes. 
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 — stabilizers were 


first developed about 1936, and 
then they been in 
continuous use for stabilizing 
polyvinyl] chloride resins and their 


since have 


copolymers. Their advantages are 
many. In the first place, the or- 
ganotin stabilizers are truly or- 
character and 
also tetravalent. Because of this, 


gano metallo in 
it is possible to modify the organ- 
otin stabilizers by putting in an 
electro-negative group to perform 
specific functions. As a matter of 
fact, the tin stabilizers can be 
tailor-made to give the best prop- 
erties, not only of the organotin 
portion, but desired organic 
groups, which can then perform 
other functions. 

The properties which make the 
organotins so popular as stabil- 
izers for vinyls can be obtained 
either by a single tin stabilizer or 
by a combination of two stabil- 
izers based on tin. 


Chemistry 


The high cost of the organotin 
stabilizers is due to the fact that 
this group of stabilizers must be 
synthesized by a rather complex 
route instead of a simple reaction 
of fusion or double decomposition 
as is the case with the metal soap 
stabilizers. 

Basically, the organotin com- 
pounds are made by a modified 
Grignard reaction to give the raw 
materials necessary for the stabil- 
zZer. 

The choice of the dibutyltin in 

uch stabilizers at present is due 
Chief 


them is the economics of the basic 


to many factors among 
action as far as yield and cost 

are concerned, as well as theoreti- 

which have 

well 
wactical aspect. For instance, the 

bond strength between the alkyl 
ibstituent to the tin can be de- 
rmined directly HCl 
: 
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Organotin Stabilizers 


cleavage. Cleavage studies on or- 
ganotin compounds with halogen 
acid have shown that the ease of 
displacement of organic groups 
from tin is a-thienyl > p-tolyl 


>pheny] methyl > n-butyl 
> n-octyl. It is interesting to 
observe that the relative position 
of the butyl group is reflected in 
the actual stabilization of butyl- 
tin stabilizers as well as fore- 
casting that the n-octyl groups 
will perform in about the same 
way. The mechanism of stabiliza- 
tion with organotin stabilizers has 
been discussed (1)?. 

Alkyl groups with branched 
chains differ little from the nor- 
mal octyl, i. e., 2-ethylhexyl, and 
3,5,5 - trimethyl - n - hexyl have 
about the same performance, but 
what is more important is the 
type of electro-negative group 
that is attached to the tin. The 
dibutyltin again is superior to 
the mono- and tributyltin com- 
pounds on the same tin basis. 
Again, the electro-negative group 
substitution is important. 
Dibutyltin example, 
which roughly has a tin content 
of around 47%, is not as effective 
as the dibutyltin dilaurate with a 
tin content around 19 percent. 
Actually the stabilizing effect is 
about the 


very 
oxide, for 


same, although the 
laurate has a molecular weight 
approximately three times that of 
the oxide and roughly only 40% 
of tin content. 

Most of the organotin stabilizers 
that are being offered on the mar- 
ket are pure chemical compounds, 
although there are proprietary- 
type mixtures with other products 
that either synergize or assist in 
the tin stabilization. 


Dibutyltin oxide 

Dibutyltin oxide can be repre- 
sented as shown in the following 
Formula 1, in which the X is used 
to indicate that it is a polymer, 
and that the size of the poly- 


1 Numbers in parentheses link to Special Refer- 
4 


ences on p. 4 


mer may vary according to the 
method of preparation. It is sel- 
dom used alone as a stabilizer but 
does have some special applica- 
tions. Its main use is as a base for 
synthesizing other tin stabilizers, 





x 


as it reacts very readily with or- 
ganic and inorganic acids to yield 
the dibutyltin salts. 


Dibutyltin dilaurate 


This is the best known of the 
organotin stabilizers, and prob- 
ably has been used more in the 
past than any other single sta- 
bilizer of this class. It is made by 
reacting the dibutlyltin oxide with 
a high-grade lauric acid. This 
product is an outstanding lubri- 
cant as well as a stabilizer, and its 
main use is for calendering and 
extruding of clear vinyl com- 
pounds—particularly for low- 
temperature processing of highly 
plasticized stocks. It is also useful 
as a stabilizer in plastisols and or- 
ganosols. Being soluble in both 
the plasticizers and the solvents 
used, it creates no mixing or dis- 
persion problems. 


Dibutylitin maleate 

This stabilizer is also a poly- 
meric material, but by suitable 
manufacturing controls the mo- 
lecular weight can be regulated to 
give the maximum. stabilizing 
properties as well as good proc- 
essing properties. It is important 
to have control of the molecular 
weight of this tin polymer; other- 
wise, it will be too volatile and 
will cause irritation of the mem- 
branes of the nose and _ throat, 
especially at high processing tem- 
This organotin com- 
pound is one of the most power- 
ful heat and light stabilizers 
known, combining as it does 
the full activity of the organ- 
otin portion as well as the dieno- 
philism of the maleic group. Due 
to this property, it is able to react 
with the colored polyene struc- 


peratures. 


tures which are formed during 
the degradation of PVC. These 
structures are interrupted through 
the typical Diels-Alder reaction. 

Because of this stabilizing ac- 
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tion, it permits the retention of 
the color of PVC at very much 
higher temperatures than is pos- 
sible with the dibutyltin dilaurate 
mentioned above. This stabilizer 
should never be used alone be- 
cause it has low compatibility 
with PVC resins, and will also 
cause sticking to steel surfaces un- 
less used with a very good lubri- 
cant such as the laurate. In 
general, the ratio to be used in 
stabilization is approximately 1 
part of the dibutlyltin maleate 
with 1.5 to 2 parts dibutyltin di- 
laurate. Such compounds give op- 
tical clears with PVC resins. 
Compounds stabilized in this 


manner will have outstanding 


light stability; even on prolonged 
immersion in water, they will not 
cloud up. This is an important 
factor in such items as clear gar- 


den hose. 


Modified organotin maleates 

Because of the inherent diffi- 
culties mentioned with dibutyltin 
maleate, modifications have been 
made in the structure to give 
modified maleate tin stabilizers 
(2). 

Due to the excellent synergistic 
action obtained by using dibu- 
tyltin dilaurate with the maleate, 
it was natural to use these prod- 
ucts together. Recently, a new 
stabilizer (3) has become avail- 
able which can be called an ex- 
tended alkyl tin wherein both 
structures are chemically com- 
bined as shown in Formula 2, 
below. 


Bu 


Ro, CH=CHCO, (Sn—O, CH=CHCO,), R 


Bu 


Other modifications through the 
electro-negative group have led 
to what is called an all-purpose 
tin stabilizer that can be used in 
all types of processes with PVC, 
including calendering, extrusion, 
plastisols, organosols, etc. It, like 
the other tin stabilizers, gives op- 
tically clear compounds, whether 
they be for flexibles or rigids, and 
will not absorb moisture. The ex- 
cellent heat stability imparted by 
this modified maleate is comple- 
mented with outstanding light 
stability. Vinyl compounds incor- 
porating this stabilizer give no 
difficulties when they undergo 


384 


further processing techniques, 
such as heat-sealing and printing, 
among others. 


Thio-organotin stabilizers 


Under this group are the 
sulfur-containing materials which 
contain -Sn-S-linkage. These 
series of stabilizers are known as 
thio-organotins, organotin mer- 
captides, organotin mercaptans, 
and by a number of similar 
designations (4). 

They are the most powerful of 
any type of stabilizers that have 
been synthesized, and are par- 
ticularly useful for unplasticized 
PVC compounds or rigid types, 
particularly where high tempera- 
tures are used during the ex- 
trusion operations. 

At present, there are two main 
types of thio-tins on the market— 
dibutyltin mercaptide and di- 
butyltin mercapto acetate ester. 

These two compounds differ in 
their performance as far as heat 
stability is concerned. The first 
is the most active type of com- 
pound. It has no lubricating action 
of its own, and for most uses 
proper lubricants must be em- 
ployed. The second type of struc- 
ture, having a long-chain hydro- 
carbon in the molecule, does have 
very good lubricating properties, 
and can therefore be used by it- 
self in many rigid-type com- 
pounds where the processing tem- 
peratures are not extreme. In 
many cases, the compounder uses 
a mixture of equal parts of both 
of these to get maximum perform- 
ance as to heat stability as well as 
good extrusion characteristics. 
Generally a ratio of 2 to 3 parts 
are used individually, or equal 
parts in combination. 

The mercapto-type stabilizer is 
also very useful in rigid plastisol 
compounds. In such cases, it can 
be combined’ with barium- 
cadmium type stabilizers, if the 
proper chelator is present, to give 
outstanding heat stability to such 
systems even though they are 
processed at extremely high tem- 
peratures. In such combinations, 
although a barium-cadmium sta- 
bilizer is used with an active 
thio-tin compound, there is no 
cross-staining such as would or- 
dinarily be encountered by using 
these stabilizers together. Pre- 
sumably the use of a powerful 


chelator is the key that deters the 
cross-staining which is usually 
expected in such cases. 


Dioctylitin compounds 


The excellent stabilizing action 
of the dibutyltin compounds, as 
well as the clarity imparted to 
PVC compositions, have always 
made these stabilizers likely can- 
didates for film, sheeting, and 
other articles to be used in con- 
tact with food or for food pack- 
aging. Although no proof of tox- 
icity has been disclosed, the bu- 
tyltins have not generally been 
accepted for such purposes. 

Recent investigations (5, 6, 7) 
carried out by several institutes 
have given some insight into the 
effect of the alkyl groups on the 
toxicity of organotin compounds. 
A series of dialkyltin compounds 
with alkyl groups larger than bu- 
tyl have been prepared and tested 
not only for the stabilizing action 
(8) in PVC but for toxicity to- 
wards mammals. These investiga- 
tions have already shown that the 
dioctyltin compounds, in experi- 
ments on rats, were apparently 
nontoxic by mouth or applied to 
the skin (9). Because this group 
of tin compounds shows no de- 
monstrable oral toxicity, it is felt 
that in the near future these oc- 
tyltins will be used in nontoxic 
applications with PVC com- 
pounds. Experiments have shown 
that the dioctyltin compounds 
have practically the same heat 
stabilizing action on _ polyvinyl 
chloride as the dibutyltin com- 
pounds that are now in use. 


Vinyltin compounds 


The vinyltin compounds are 
relatively new, and have many 
interesting physical and chemical 
properties. The preparation of 
vinyltin compounds has been de- 
scribed in the literature (10), and 
the substituted tin compounds 
from tetravinyl to monovinyltin 
are now available. As with the 
alkyltins, these compounds can be 
modified as far as_ electro- 
negative groups are concerned, 
and the same type of groupings 
found to assist the stabilizing ac- 
tion of the butyltins can be used. 
Various patents (11) have been 
applied for on the use of these 
vinyltin compounds as copolymer- 

(Continued on p. 404) 
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Plasticizers 


BY P. W. SPINK®* and W. F. WAYCHOFF* 


—_— are high-boiling 
solvents—liquids, solids, or gums 
of synthetic or natural origin— 
which are added to natural or 
synthetic resins to: 1) improve 
workability during fabrication; 
2) extend or modify the natural 
properties of these resins; or 3) 
develop new improved properties 
not present in the original resin. 

Plasticizers are divided into 
two general types, based upon 
their compatibility characteris- 
tics. These types are primary and 
secondary plasticizers. 

The primary plasticizer is one 
that is highly soluble in the 
resin to be plasticized. It can be 
used as the sole plasticizer with- 
out incompatibility occurring. In- 
compatibility, generally, mani- 
fests itself by exudation of the 
plasticizer or tack development 
on the surface of the plastic arti- 
cle immediately upon compound- 
ing or during average use life of 
the plastic article. It is one of the 
most difficult phenomena in the 
plastics field to define and recog- 
nize. 

Secondary plasticizers are 
again divided into two general 
types: 1) Extender plasticizers 
are high-boiling, relatively non- 
solvent materials used with 
plasticizers to modify 
resin properties or to lower plas- 
ticizer cost for that resin; 2) 
Specialty plasticizers are added 
to resins to impart specific char- 
acteristics such as low-tempera- 
ture flexibility, but are not com- 
patible enough to be used as the 
sole plasticizer. The problem of 
incompatibility when using either 
extender or specialty plasticizers 
must be carefully avoided. 


primary 


Plasticizing action 
Many theories have been ad- 
vanced to explain the plasticizer 
action on a resin. All theories 
have in common the formation of 
Monsanto Chemical Co., Lindbergh and Olive 
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some type of loose bond, usually 
of a polar or hydrogen-bridge 
type, between the polymer and 
the plasticizer. These bonds neu- 
tralize a part of the Van der 
Waal forces or secondary valence 
bonds of the resin which prevent 
molecules from slipping past one 
another when the material is 
flexed or stressed. By neutraliz- 
ing or weakening some of the 
Van der Waal valence bonds by 
physical insertion of the plasti- 
cizer, the plasticized resin formu- 
lation is made more flexible. This 
is often observed by the swelling 
of the resin that occurs when 
plasticizer is stirred or mixed into 
the compound. 


History 


The discovery that camphor 
plasticized cellulose nitrate was 
the first use of a plasticizer as 
such, making possible molding 
and fabrication of this normally 
hard, tough material. Next came 
cellulose acetate, which necessi- 
tated the development of plas- 
ticizers with other properties to 
provide the necessary processing 
and end-product properties re- 
quired for this resin. 

Plasticizers in the United 
States became a big business in 
the period between World War II 
and the Korean War. The growth 
of polyvinyl chloride resins at 
that time really provided the im- 
petus that put plasticizers in the 
large-poundage market. Plas- 
ticizers for this resin necessarily 
introduced many new concepts 
that were not used with the more 
polar plasticizers for the cellulo- 
sics. 

Similarly, the introduction of 
each new resin puts further de- 
mands upon the plasticizer man- 
ufacturer to develop new and 
more versatile products for these 
resins. This complicates the num- 
ber and structure of plasticizers 
commercially 
market today. 

The number of 


available on the 


plasticizers 


commercially available today is 
well over 300. Production of plas- 
ticizers in the United States for 
selected years was: 


Plasticizer 

production 
Year 1000 Ib. 
1946 114,596 
1948 147,569 
1950 243,318 
1952 267,724 
1954 300,674 
1956 416,788 


Function of plasticizers 

Plasticizers are used as proc- 
essing aids in the synthetic resin 
industry because they lower the 
viscosity of the resin and impart 
ease of shaping and forming at 
elevated processing temperatures. 
They may also impart flexibility 
and other desirable end proper- 
ties to the finished product. 

The addition of plasticizer dur- 
ing compounding results in wid- 
ening of the temperature range 
over which a polymer may be 
processed—that is, the tempera- 
ture range in which the material 
is in the liquid or semiliquid 
state. After the article has been 
put into final use form, plas- 
ticizer continues to function, 
varying and complementing the 
original properties of the resin. 
The plasticizer often gives the end 
product characteristics and prop- 
erties unknown to the resin in its 
original form. The amount of 
plasticizer, the properties which 
each plasticizer imparts to each 
resin, and the solubility of the 
plasticizer for the resin at ele- 
vated temperatures make it pos- 
sible for the skillful compounder 
to produce a variety of plasticized 
plastics, with greatly different 
properties and with greatly dif- 
ferent characteristics, on standard 
equipment. 


Chemistry and manufacture 
Most primary plasticizers are 
esters. In plasticizing polyvinyl 
chloride it is most common to use 
alcohols containing 8 to 10 car- 
bon atoms and to esterify these 
alcohols with phthalic anhydride, 
phosphorus oxychloride, adipic 
acid, sebacic acid, azelaic acid, or 
fatty acids. For the cellulosic and 
the other vinyl resins more polar 
esters are needed. These products 
often use shorter alcohol chains 
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A new plasticizer and chemical intermediate 
(Hyprin GP25, The Dow Chemical Co.) is 
produced by the reaction of glycerine and 
propylene oxide. The chemical is being used 
as a plasticizer for some cellulosic products 
and shows promise in the paper, cellophane, 
and other cellulosic fields. 


Two epoxy plasticizers (Celluflex 21 and Cel- 
lufler 23, Celanese Corp. of America) impart 
good low-temperature performance and color 
stability to polyvinyl chloride, cellulose nitrate, 
and neoprene, with reduced plasticizer loss due 
to volatility. They also provide low and stable 
viscosity for plastisols. 


Another primary epoxy plasticizer (Admex 
711, Archer-Daniels-Midland Co.) has been 
approved by the Food and Drug Administra- 
tion for use in vinyl film and tubing for wrap- 
ping and handling foods. 


A new plasticizer (Santicizer 214, Monsanto 
Chemical Co.), for use in rigid plastisol formu- 
lations, has lower volatility and better flex- 
ibility than a phthalate plasticizer in the same 
line (Santicizer 213). It has low initial viscos- 
ity and high Shore Durometer hardness after 
cure. 


A new monomeric plasticizer derived from 
pentaerythritol (Hercoflexr 707, Hercules 
Powder Co.) is particularly effective for wire- 
coating compounds that must withstand tem- 
peratures of 105° C. or more for prolonged 
periods of time. Its low viscosity and viscosity 
stability suggest its use for quality plastisols. 


An ester-type plasticizer compound (DP-200, 
E. F. Drew & Co., dist. by Harwick Standard 
Chemical Co.) is suggested for use where low- 
temperature flexibility combined with good 
heat and light stability, low heat loss, and low 
volatility are desirable. Applications include 
general vinyl compounding, vinyl film, plas- 
tisols, organosols, and synthetic rubbers. 


A new plasticizer (Plastolein 9070 LT, Emery 
Industries, Inc.) for vinyl is designed to meet 
the need for a low-temperature plasticizer in 
the adipate price range. It offers better low- 
temperature flexibility than adipates, extended 
permanence, higher efficiency, and substan- 
tially greater compatibility. 


A light-colored petroleum product (Kenplast, 
Kenrich Corp.) can be used as a plasticizer 
with vinyl resins to replace primary ester 
plasticizers by 25 percent. The plasticizer is 
helpful in obtaining low-temperature flexibil- 


ity. Its color stability is good, making it useful 
in light-colored stocks as an economical ex- 
tender. 


A technical grade of tributyl aconitate (Com- 
mercial Development Div., Chas. Pfizer & Co., 
Inc.), a stable, liquid plasticizer for vinyls, cel- 
lulosics, and styrene copolymers, is available 
in research quantities. Test results show tri- 
butyl aconitate to be capable of maintaining 
low-temperature flexibility in styrene-buta- 
diene copolymers and of imparting improved 
heat and light stability to vinylidene chlorides. 


A light-colored, polymeric, epoxy-type plas- 
ticizer (Peroxidol 780, Reichhold Chemicals, 
Inc.) for vinyl has high resistance to exposure, 
temperature, and weather. Its almost complete 
lack of volatility allows higher blending tem- 
peratures. The plasticizer has a high flexibility 
retention and is particularly useful in helping 
to stabilize formulations containing phosphate 
plasticizer; in such cases, it enables higher 
processing speeds and temperatures. 


An ester-type epoxy plasticizer (Plastoflex 
EET, Advance Solvents & Chemical, Div. of 
Carlisle Chemical Works, Inc.) of low-mole- 
cular-weight is designed for low-temperature 
flexibility in vinyl compounds. It possesses 
very efficient plasticizing action with good 
processing properties, and it imparts excellent 
color stability to vinyl compounds which 
require high processing temperatures. 


A new low-cost primary plasticizer of the 
phthalate family (Hatcol 55-A, Hatco Chem- 
ical Co.) exhibits excellent properties, making 
it an ideal economical plasticizer in applica- 
tions where a slight plasticizer coloration is 
acceptable. It can be substituted for DOP and 
other plasticizers. It is insoluble in water, and 
its migration and “cold crack” properties are 
better than those of DOP. Its superior electrical 
properties assure good insulation resistance. 


A low-cost petroleum hydrocarbon plasticizer 
(Mobilsol L, Socony Mobil Oil Co., Inc.) is 
used to replace 15 to 25% of the DOP in a 
plastisol formulation. It can also be used with 
DIOP, DIDA, and resinous plasticizers. 


Two specialty plasticizers (Abcoflexr A and B, 
Abco Chemical Co.) have strong. solvency 
characteristics for PVC resins, good resistance 
to soapy water, and low migration character- 
istics. Their main applications are expected to 
be in PVC resin formulations, as processing 
stabilizers for preparing vinyl foam, and in 
acrylic-type coatings. 
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and a wider variety of reactive 
groups in the alcohol structure in 
order to be able to accomplish 
this polarity. 

In the manufacture of plasti- 
cizers, it is common practice to 
esterify the alcohol and acid in 
a glass-lined reaction vessel. 
Acidic esterification catalysts, 
such as sulfuric acid, phosphoric 
acid, or toluenesulfonic acid, are 
commonly used. Following esteri- 
fication the material is distilled. 
Another purification technique 
involves decolorizing with ad- 
sorbing charcoals. 

Permanent or polymeric plas- 
ticizers are usually polyesters of 
aliphatic dibasic acids, such as 
adipic, sebacic, or azelaic, with 
glycols, such as propylene glycol: 
the polyesters terminated 
with a long-chain fatty acid, 
such as lauric or oleic acid. These 
compounds are especially useful 
in applications require- 
ments call for resistance to mi- 
gration, low extraction by oils, 
and low volatility. 

Secondary plasticizers are com- 
monly used in the polyvinyl 
chloride processing field. Second- 
ary plasticizers are frequently 
alkyl aryl hydrocarbons derived 
from the petroleum industry. 
Other secondary plasticizers in- 
clude chlorinated, hydrogenated, 
and nitrated alkyl, aryl, or alkyl 
aryl hydrocarbons. Esters of 
fatty acids are also used as sec- 
ondary plasticizers. The primary 
function of secondary plasticizers 
in polyvinyl chloride composi- 
tions is to reduce cost, although 
they may also improve electrical 
insulation values, low-tempera- 
ture flexibility, and migration re- 
sistance, as well as several other 
properties. 

For plasticizing resins other 
than polyvinyl chloride, it is usu- 
ally necessary to use _ shorter- 
chain alcohols in combination 
with organic acids. Methyl, ethyl, 
and butyl alcohols are commonly 
ised. The shorter-chain alcohol 
results in more polar plasticizers 
vhich are necessary to obtain 

ompatibility with the more polar 

lastics materials, such as cellu- 
ose acetate and vinyl acetate. 

‘olyvinylidene chloride and co- 

olymers require plasticizers of 

iedium to low polarity. It is 
pecially important in food pack- 


are 


whose 
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TABLE |: Phthalate plasticizers—properties and use 
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aging applications of this resin to 
use a plasticizer of the nontoxic 
type. 


Processing 


The initial compounding step 
when making a plasticized formu- 
lation is to add the plasticizer to 
the resin in any of the following 
ways: 

Dry blending: Here the plas- 
ticizer is sprayed onto the pow- 
dered resin which is being stirred 
in a heated chamber. All the in- 
gredients of the compound are 
added to the blender except 
color, which is more frequently 
added in a subsequent operation 
to avoid contamination of the 
blender. It is normal practice to 
spray the plasticizer onto the 
resin. Preferably, the plasticizer 
is heated prior to spray-mixing 
with the resin. After the batch is 
cooled, the resulting material is 
still in powder form, as the plas- 
ticizer has been absorbed into the 
resin, and is referred to as a “dry 
blend” or powder blend. This may 


be fed directly’ into an extruder, 
but is more commonly further 
mixed in two-roll, differential 
speed mills or in an internal-type 
mixer, such as the Banbury. 

Hot mixing: Differential two- 
speed roll mills and internal-type 
mixers, such as the Banbury, ap- 
ply both heat and pressure to the 
resin and plasticizer, resulting in 
intimate mixing of the two, with 
plasticizer being absorbed by the 
resin. The resultant hot rubbery 
mass is then fed into a finishing 
machine, usually a calender, ex- 
truder, injection molding ma- 
chine, or other fabrication equip- 
ment that might be used. 

Plastisols and organosols: As 
previously stated, the plasticizer 
has a relatively low solvating rate 
on the powdered resin at room 
temperature. Advantage of this 
slow solvation rate is taken in the 
plastisol/organosol field. Here the 
liquid plasticizer. and powdered 
resin are mixed together, prefer- 
ably without any heat above nor- 
mal room temperature. The result 
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TABLE II: Phosphate type esters—properties and use 
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(1000 lb.) 


Phosphate 


ester 


1956 Tariff production figure 


Polyviny! chloride 


Polyvinyl acetate 
Cellulose nitrate 


plasticizer 
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Octyl decyl 
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Tributyl 


Tributoxyethy] 


Mostly used in: 


Cellulose acetate 


Important properties: 


Low-temp. flexibility 


Thermosetting 
Grease and oil resistance 


Rapid fusion 

Good electricals 
Flame resistance 

Good plastisol viscosity 
Low volatility 
Nontoxic 
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is a suspension of the powdered 
resin in the plasticizer. This may 
then be molded by rotational 
casting or slush molding tech- 
niques, applied to fabric or paper 
backing by knife or reverse roller 
coating, or may be applied by 
equipment. Whatever 
technique is used, after the ma- 
terial has been applied into the 
finished form, heat is then intro- 
duced to bring the temperature 
of the plasticizer/resin disper- 
sion to 300 to 350° F. This results 
in the plasticizer being absorbed 
in the resin. The resulting prod- 
uct is a tough, flexible, solid ma- 
terial. 


spraying 


While normally materials made 


by the dispersion technique are 
soft and recent tech- 
nology has made possible the de- 


velopment of more-rigid products. 


flexible, 


This is commonly done by incor- 
porating several different parti- 
cle size resins in the formulation 
so that the resultant mass con- 
tains less voids. As the plasticizer 
is added to the resin combina- 
tion, there are less voids for the 
plasticizer to fill, resulting in 
lower viscosity at low plasticizer 
levels. After the plasticizer/resin 
dispersion is fused, the smaller 
amount of plasticizer incorpo- 
rated in the formulation yields a 
harder and more rigid end prod- 
uct. 


Solutions: Plasticizers may also 
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be combined with resins by the 
solution Here, the 
resins and plasticizers are both 
dissolved in a mutual solvent. 
After the solution coating is ap- 
plied, the solvent is evaporated, 
leaving behind the plasticized 
coating. Often these coatings air- 
dry, but it is common to use some 
low heat source to help evaporate 
the solvent. 


technique. 


Types of plasticizers 


Phthalates: Esters of phthalic 
anhydride totaled 237 million Ib. 
in 1956 or 57% of the 417 million 
lb. market for plasticizers. Their 
excellent balance of desirable end 
properties and the with 
which they are incorporated into 
a wide variety of synthetic resins 
accounts for their unchallenged 
position as leader in the plas- 
ticizer field. 

Table I, p. 387, 
most commonly used 
with the 
which they are most frequently 
incorporated and the most impor- 
tant end properties which they 
impart to these resins. 

Phosphates: Production of 
phosphoric acid esters exceeded 
49 million lb. in 1956, of which 
tricresyl phosphate accounted 
for approximately 65 percent. It 
is very difficult to determine how 
TCP was plas- 
ticizer and how much was used 


ease 


matches the 
phthalate 


plasticizers resins in 


much used as 


in the lubricant or gasoline addi- 
tive field because of the tech- 
nique of reporting figures to the 
Tariff Commission. 

The phosphates are used pri- 
marily for their flameproofing 
characteristics, although perma- 
nence, enhanced resistance to 
outdoor light exposure, gasoline 
and oil resistance, and rapid sol- 
vating action with most resins are 
also advantages. An aryl alkyl 
phosphate finds use in the non- 
toxic plasticizer field. 

Table II, left, shows the prin- 
cipal phosphate type esters used 
in 1956, their major fields of use, 
and their most important prop- 
erties. 

Adipates, azelates, and seba- 
cates: Approximately 30 million 
lb. of these esters were used in 
1956, primarily in applications re- 
quiring excellent low-tempera- 
ture flexibility. The bulk of these 
materials were consumed in the 
polyvinyl chloride and copolymer 
field, although an_ increasing 
amount is finding use as lubri- 
cants. 

Polymeric plasticizers: Poly- 
meric plasticizers are polyesters 
of adipic, azelaic, or sebacic acid 
with glycols terminated with 
long-chain fatty acids. Their con- 
sumption in 1956 was estimated 
to be approximately 25 million 
pounds. Their main use is in the 
polyvinyl chloride field where 
they impart excellent resistance 
to migration, low extraction by 
oils, and very low volatility. 

Epoxy plasticizers: These ma- 
terials are produced by the ac- 
tion of hydrogen peroxide on the 
unsaturation contained in natural 
vegetable oils or in fatty acids. 
There are two distinct classes: 
1) Those that are epoxy triglycer- 
ides, such as epoxy soybean oil, 
which are used as combination 
stabilizers and permanent plas- 
ticizers; and 2) The aliphatic al- 
cohol esters of fatty acids which 
are used primarily as combina- 
tion low-temperature plasticizers 
and stabilizers. It is estimated 
that epoxy plasticizers produced 
in 1956 were in the 20 to 25 mil- 
lion lb. range, with the low-tem- 
perature epoxy plasticizers gain- 
ing prominence in this period. 

Fatty acid esters: Approxi- 
mately 4 to 8 million Ib. of fatty 
acid produced in 


esters were 
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for Polyethylene 
For the extrusion and molding of poly- 
ethylene, a lubricant desired to produce “slip” 


without tackiness or greasiness. 


yyw-EZE 


for Vinyl 

VYN-EZE, an  anti-blocking agent 

imparts many desirable properties to vinyl film, 
sheeting and tubing, such as very good anti- 
tacking property and excellent clarity. VYN-EZE is 
approved by the Food and Drug Administration 


for use in materials in contact with food products. 
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A high quality anti-static agent which 
does not discolor or soil, STAT-EZE is the answer 





to the annoying problem caused by static accumu- 
ation on carpeting, particularly nylon and syn- 


thetic blends, as well as wool, particularly in dry 
weather 
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1956, primarily for use as second- 
ary, low-temperature plasticizers 


in polyvinyl chloride, synthetic, 


rubber, and other plastics. The 
fatty acids used in this type of 
plasticizer are obtained from 
waste products of the meat pack- 
ing industry, castor oil, and other 
vegetable oils. 

Glycol derivatives are used pri- 
marily as lubricants, mold release 
agents, or plasticizers for hydro- 
philic resins, such as polyvinyl 
alcohol. Esters of polyglycols are 
used as plasticizers in polyvinyl 
chloride, polyvinyl butyral, poly- 
vinyl acetate, and other vinyl 
polymers. Phthalyl glycolates are 
widely used in cellulose acetate, 
polyvinylidene chloride, polyvinyl 
acetate, and polyvinyl chloride, 
especially in those applications in 
which a low order of toxicity is an 
important requirement. 

Sulfonamides: Derivatives of 
toluenesulfonamide are used to 
plasticize cellulose acetate, cellu- 
lose nitrate, phenolics, melamines, 
ureas, and casein, zein, and other 
proteins. 

Secondary plasticizers, _in- 
cluding hydrocarbons, chlorinated 
hydrocarbons, nitrated hydrocar- 
bons, and hydrogenated hydro- 
carbons, probably totaled 20 
million Ib. in 1956. They are most 
commonly used in polyvinyl chlo- 
ride where they reduce over-all 
cost. 

Polymerizable plasticizers: A 
new field that has long been 
thought to be fertile ground for 
expansion is polymerizable plas- 
ticizers. This property is desir- 
able in those applications where 
the fluidity imparted to a com- 
pound by a plasticizer is neces- 
sary for processing, but where 
the end product must be rigid or 
semirigid. The future of poly- 
merizable plasticizers will be de- 
termined by the ability of plas- 
ticizer manufacturers to develop 
materials that are designed spe- 
cifically to meet new industry de- 
mands with regard to properties. 


Plasticizers for specific resins 
Vinyl chloride: Plasticizers for 
polyvinyl chloride account for 60 
to 65° of the total plasticizer 
market. 
Plasticizers that are commonly 


used in polyvinyl chloride include 


dioctyl phthalate, diisodecyl] 
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plus many specialties, custom 
products for special requirements, 
and all standard materials. 


















OUTSTANDING DEECY PRODUCTS 


High Molecular Wet. Phthalates 
KA for versatility 
HS-31 for high temperature 
wire insulation. 

Di-Alky! Phthalates 
Octyl, iso-octyl, iso-decyl, 
octyl-decyl and n-octy! n-decyl 
esters unsurpassed for quality. 

Adipates 
Includes octyl-decyl, iso-decyl 
and iso-butyl esters. 

Azelates 
Staflex® DOZ, the quality aze- 
late. 

Sebacates 
Low temperature plasticizers 
for vinyl and rubber. 

Iso-Sebacates 

Ricinoleates 

Stabilizers 

Time proven quality stabilizers. 
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PLASTIC 
CALLS 


FOR 


COLOR 


...any color...rely on the pigments that offer highest uniform- 
ity, quality, performance! That means Cyanamid. Cyanamid 
Pigments meet every requirement for color in plastics! 


Organics 
Phthalocyanine Blues and Greens 
Bonadur Reds 
Clarion Red 
Red Lake C’s 
Benzidine Yellows and Oranges 


Inorganics 
ChromeYellows, Oranges andGreens 
Valencia Orange « Iron Blues 


Whites 
UNITANE® Titanium Dioxide 
~—Anatase and Rutile Types 





——e¥ANAMID-— 





AMERICAN CYANAMID COMPANY 
Pigments Division 


30 Rockefeller Plaza 


New York 20, N.Y. 


Branch Offices and Warehouses in Principal Cities 





phthalate, butyl octyl phthalate 
butyl decyl phthalate, butyl ben. 
zyl phthalate, phosphate este); 
(such as tricresyl phosphate, ary 
alkyl phosphates, cresyl dipheny! 
phosphate, trioctyl phosphate) 
and adipates, sebacates, and aze. 
late esters. Secondary esters of 
the petroleum type are often used 
with this resin to reduce formu- 
lating costs. 

Normally, plasticizers for poly- 
vinyl chloride have a relatively 
low polarity compared to plasti- 
cizers for other materials. These 
are normally characterized by 
being extremely low in volatility 
which has made possible the fab- 
rication of many end products not 
previously possible with other 
resins. 

Polyvinyl acetate: Polyviny! 
acetate, being more polar than 
polyvinyl chloride, requires plas- 
ticizers which are more pola 
For example, in the phthalate 
field, diisodecy] phthalate, which 
is an excellent plasticizer fo 
polyvinyl chloride, is incompati- 
ble with PVAc. Dibuty] phthalate, 
however, which can also be used 
with polyvinyl chloride but is ex- 
tremely volatile for this applica- 
tion, is an excellent plasticizer for 
vinyl acetate. Other polyvinyl 
acetate plasticizers include tri- 
cresyl phosphate, diethyl phtha- 
late, butyl benzyl phthalate 
chlorinated biphenyls, and man) 
other moderately polar materials 

Cellulose nitrate: Cellulose ni- 
traté, which is normally used in 
lacquers, sheetings, and _ propel- 
lants, can be plasticized with 4 
variety of materials. However, i! 
is most commonly plasticized wit! 
dibutyl phthalate, dioctyl phthal- 
ate, butyl octyl phthalate, buty! 
benzyl phthalate, or phosphat: 
esters. Phosphates, when added t 
nitrocellulose, impart some de- 
gree of flameproofness to this 
very flammable material. 

Cellulose acetate: Cellulose ace- 
tate is one of the most polar 0 
the synthetic resins. It is com- 
monly used in coatings, sheeting: 
and moldings. Plasticizers of ver) 
high polarity, such as diethy! an¢ 
dimethyl phthalate, methy! 
phthalyl ethyl glycolate, triace- 
tin, sulfonamides, etc., and triphe- 
nyl phosphate are normally use¢ 
to plasticize this resin. 

Polyamides: Polyamides, suc! 
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vlon, may be made more flex- 

by the incorporation of ma- 

ls such as a mixture of ortho- 
para-N-ethy| sul- 

nide (such as Santicizer 8') 

This plasticizer finds special use in 


toluene 


the extrusion and molding fields. 
henolics, and 


s: These resins are normally 


melamines, 


not plasticized. However, in cer- 
tain laminating or forming op- 
erations it is desirable to get bet- 
ter punching characteristics or 
better flow properties. Here it is 
common to add such materials as 
dibutyl phthalate, tricresyl phos- 
phate, sulfonamide plasticizers, or 
hydrogenated terphenyl materials 
to impart specific processing ad- 
vantages during fabrication. 
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WITH THE FINEST PLASTIC DYES! 


There’s no need to “scrimmage around” with unre- 
liable dyes...when you can always score with CALCO 
Dyes by American Cyanamid! 

Years of experience in the science of plastic dye 
manufacture...insistence on finest quality... will- 
ingness to give expert help...these are three excel- 
lent reasons why you never go wrong at Cyanamid. 
For dyes that work better, for plastics that sell 
faster, call your nearest Cyanamid representative. 
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Solvents 


BY ROBERT H. DUZY* and ROBERT B. LEONARD* 
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RECENT DEVELOPMENTS 








A new hydrocarbon, 3-ketobutyaldehyde-|-dimethylacetal 
(KBA, Henley & Co., Inc.) is a good solvent for many organic 
products and serves as an intermediate in the synthesis of plas- 
tics. 


A new industrial solvent (Sonic-Solve No. 113, London Chem- 
ical Co.) for use with ultrasonic cleaning equipment, offers 
selective solvency, electrical stability, rapid drying, safety, and 
low unit cost. The solvent removes contaminants, rosin fluxes, 
oils, greases, and dirt without affecting plastics, magnet wire, 
insulating varnishes, etc. 


A new solvent (Helix Solvent 101, Carl H. Biggs Co., Inc.,) will 
soften and dissolve epoxy compounds, but has little effect on 
other plastics. It will not corrode or damage metals. The solvent 
is both nonflammable and nontoxic, and it can be used re- 
peatedly. 


Ethyl lactate (Aero Ethyl Lactate, American Cyanamid Co.) is a 
wholly synthetic lactate ester prepared essentially from acetalde- 
hyde, hydrogen cyanide, and ethyl alcohol. It contains none of 
the impurities normally associated with esters produced from 
fermentation-grade lactic acid. This product is a high-boiling 


lacquer solvent which is used primarily as a solvent for 


ethyl cellulose and also for 


butyrate. 


cellulose nitrate, acetate, and 





Bis solvents are usually 
defined as fluids or mixtures of 
fluids that are capable of dis- 
solving or dispersing solid sub- 
stances to produce compositions 
of industrial value. The wide 
variety of chemicals available 
within the solvent class offers a 
broad spectrum of performance 
properties and many factors, in- 
cluding end use, method of ap- 
plication, and so on, are involved 
in the selection of the proper 
solvent or solvent blends. In many 
cases, there may be a number of 
practical combinations 
that will approach the desired re- 
quirements for a given use. 
Although the original function 


solvent 


* Union Carbide Chemicals Co., Div. of Union 
Carbide Corp., 30 E. 42nd St., New York, N.Y 

Recent Developments and References were 
prepared by the editors 


392 


of the solvents industry was al- 
most exclusively the manufacture 
of chemicals to dissolve solid ma- 
terials for particular applications, 
this is no longer true. Now many 
of the products developed for this 
solvent use find multipurpose 
outlets, some of which represent 
the principal market for given 
materials. These include such ap- 
plications as intermediates in the 
manufacture of other chemicals, 
components of antifreeze solutions 
and hydraulic fluids, extractants 
for pharmaceutical materials, dry 
cleaning fluids, and ore flotation 
agents. 

The coatings and adhesives in- 
dustries, however, continue to 
provide a major market for sol- 
vents. Although the textile in- 
dustry also utilizes large quanti- 


ties of organic solvents in the 
production of fibers, the use of 
solvents in the coatings industry 
will be emphasized in the follow- 
ing discussion. 


Historical development 


Origin of the solvent industry 
can be traced back to the intro- 
duction, around 1920, of nitro- 
cellulose lacquers in industrial 
and household finishes. In the 
years 1922 to 1928, these surface 
coatings meteorically attained 
large-scale industrial importance 
as a result of three principal fac- 
tors. One was the development of 
sufficiently low-viscosity nitro- 
cellulose so that solutions of ap- 
preciable solids could be produced 
at practical fluidities. The second 
was the availability of a large 
supply of n-butyl alcohol accu- 
mulated at the end of the war as 
a byproduct of the Weizmann 
fermentation process for acetone 
used in smokeless powder pro- 
duction. The alcohol could be 
converted to butyl acetate, an 
excellent solvent for nitrocellu- 
lose. The third circumstance was 
the emergence of the automobile 
industry with its assembly line 
manufacture that was being bot- 
tlenecked by slow-drying oleo- 
resinous enamels. Lacquers of 
nitrocellulose dissolved in butyl 
acetate provided the answer to 
the automobile manufacturers’ 
need for a quick-drying, attrac- 
tive, and durable finish, and the 
lacquer and solvents industries 
were suddenly big business. The 
lacquer production figure in 1920 
was 1 million gal.; in 1925, 12 
million; in 1930, 35 million; and 
1945, a peak of 70 million gallons. 

Over the years, as the coatings 
industry has grown with the in- 
troduction of new resins, the sol- 
vents industry has provided new 
materials to match resin develop- 
ments—and today is still a grow- 
ing field. 


Raw materials 


Along with the expansion of 
solvent production has come a 
change in the raw materials for 
their manufacture. The agricul- 
tural products such as molasses, 
corn, and potatoes from which 
ethyl alcohol, butyl alcohol, ace- 
tone, and other solvents were 
originally produced by fermenta- 
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tion, have been supplemented, 
and in large measure replaced, 
by petroleum, natural gas, and 
coal or gases produced from them. 
Synthetic processes utilizing hy- 
drocarbons from petroleum, nat- 
ural gas, or coal sources have the 
advantage of supplying products 
free from alternate periods of 
oversupply and 
consequently with a more stable 
and generally more favorable 
price structure than methods 
based on agricultural products. 
This is due to the fact that pro- 
duction from agricultural com- 
modities may vary in price and 
availability with the weather, the 
seasons, and the inroads of blight 
and insect pests. 


scarcity, and 


Other raw materials for sol- 
chlorinated 
solvents and sulfur for sulfur- 


vents—chlorine for 
containing products—are also 
available from abundant mineral 
sources at stable prices. 


Types of solvents 

Ketones: The ketones are rela- 
tive newcomers among industrial 
solvents since acetone and methyl 
ethyl ketone were the only sol- 
vents of this class available in 
substantial quantity prior to the 
1935-1940. During thee 
years, the development of vinyl 
chloride-acetate resins created a 
demand for ketones and addi- 
tional family 
achieved industrial prominence. 
The availability of these power- 
ful solvents led to applications in 
fields other than vinyl resins, and 
they are now solvents of great 
importance. 


period 


members of the 


Of the three most important 
ketones, acetone, still the top one, 
is a solvent for a great variety 
of resinous materials including 
cellulose acetate, nitrocellulose, 
and vinyl chloride-acetate resins. 
It is produced principally by oxi- 
dation of isopropyl alcohol. 
Methyl ethyl ketone, which is 
produced from secondary butyl 
alcohol, is a solvent for cellulose 
acetate, vinyl chloride resins, the 
more soluble vinyl chloride- 
acetate resins, polyvinyl acetate, 
and nitrocellulose. Methyl isobu- 
tyl ketone, the most widely used 
ketone solvent of intermediate 
evaporation rate, is a good solvent 
for nitrocellulose, polyvinyl ace- 
tate, vinyl chloride-acetate co- 
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Activated carbon solvent-recovery system makes it possible to re- 
use volatile solvents, appreciably improving the economics of many 
solvent-using industries. (Photo, Union Carbide) 


polymers, and most acrylic ester 
resins. 

Esters: Esters, the original sol- 
vents for nitrocellulose, are a 
very important class of solvents. 
They are generally produced by 
reacting commercial alcohols with 
acids or anhydrides. Some esters 
are also byproducts from ester 
interchange reactions or reactions 
involving hydrolysis of esters in 
the presence of an alcohol. Among 
the more important solvents of 
this class are: ethyl acetate, a 
good solvent for such resins as 
cellulose mixed esters, ethyl cel- 
lulose, nitrocellulose, polymethyl 
methacrylate, polyvinyl acetate, 
and polyvinyl butyral; isopropyl 
acetate, often used as a replace- 
ment for ethyl acetate; n-butyl 
acetate, one of the most widely 
used nitrocellulose solvents and 
a good solvent for other synthetic 
resins; sec-butyl acetate, used 
principally in nitrocellulose lac- 
quers; isobutyl acetate, a some- 
what less expensive substitute for 
n-butyl acetate; and amyl ace- 
tates, used principally as nitro- 
cellulose solvents. 

Ether-alcohols: The  ether- 
alcohols, which contain two types 
of solvating groups within a single 
molecule, are generally better 
solvents for resinous substances 
than either pure alcohols or 
ethers. They are excellent sol- 


vents for cellulosic and other type 
resins, and have wide uses beyond 
the coatings field. 

Alcohols: Alcohols are easily 
the most important group of syn- 
thetic solvents in our economy 
because of the great variety of 
available industrial compounds of 
this type and their enormous 
volume of production. In general, 
they are not solvents for so wide 
a variety of resinous substances 
as are the ketones, esters, and 
ether-alcohols. 

Methyl alcohol, originally pro- 
duced by destructive distillation 
of wood, is now mainly manufac- 
tured synthetically by catalytic 
hydrogenation of carbon monox- 
ide at high pressure. It dissolves 
shellac, rosin, ethyl cellulose, ni- 
trocellulose, polyvinyl 
and polyvinyl butyral. 

Ethyl alcohol, made for cen- 
turies by fermentation of carbo- 
hydrates contained in various 
agricultural products, has been 
produced synthetically from 
ethylene in increasing amounts 
since 1930. Today most of the U. S. 
production is the synthetic prod- 
uct. It is a solvent for shellac 
and other natural resins, many 


acetate, 


synthetic resins, and is used as 
a latent solvent for nitrocellulose. 

Isopropyl alcohol, which is very 
similar to ethyl alcohol in general 
properties, is second to it, among 
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Major application of sol- 
vents is in formulating 
protective spray-on coat- 
ings for automotive indus- 
try. (Photo, Union Carbide) 


alcohols, in volume of production 
Often used as a _ substitute fo: 
ethyl alcohol, IPA is also a latent 
solvent for nitrocellulose. Its main 
use, however, is in acetone manu- 
facture. 
n-Propyl alcohol, which, lik 
isopropyl] alcohol, is produced by 
oxidation of hydrocarbons, als 
finds application in lacquers and 
dopes among many other uses. 
n-Butyl alcohol, the most im- 
portant of the butyl alcohol iso- 
mers produced commercially, is 
a latent solvent for nitrocellulose 
and is widely used in formulating 
nitrocellulose and ethyl cellulose 
coatings. It is produced syntheti- 
cally by the aldol condensation 
of acetaldehyde and also by the 
hydrogenation of oxo-derived 
butyraldehyde. A large volum 
goes into the production of buty!l- 
ated amine resins where the n- 
butyl alcohol serves as both rea- 
gent and solvent. The butylation 
renders such resins soluble in 
aromatic hydrocarbons and makes 
them compatible with alkyds 
Among remaining alcohols that 
are commercially available, amy] 
and hexyl alcohols are used as 
latent solvents for nitrocellulose 
and as solvents for other resins 
Ethers and polyethers: Ethers 
and polyethers are generally ex- 
cellent solvents for waxes, fats, 
oils, and some natural resins. Most 
synthetic resins, however, are not 
soluble in simple aliphatic ethers 
Polyethers tend to be better so! 
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vents for such resins, and cyclic 
ethers are excellent solvents for 
4 wide variety of synthetic resins. 

Hydrocarbons: Hydrocarbons, 
eg i benzene, propane, cyclohex- 
ane, xylene, mixtures of hydro- 
carbons, ete., are solvents for only 
4 limited number of resin types. 
Hydrocarbons, however, 
important role in coatings since 
they frequently are employed as 
diluents in solvent systems for 
resin systems for which they are 
Prot active solvents. 






play an 


There are three broad classifi- 
cations of hydrocarbons: aro- 
matic, naphthenic, and aliphatic. 
Aromatic hydrocarbons such as 
benzene, toluene, and xylene are 
produced commercially from coal 
tar and petroleum. Most of the 
other commercially available hy- 
drocarbon solvents are mixtures 
of the three main types. These 
solvents cover a wide spectrum of 
distillation ranges and of solvent 
power. 

Halogenated compounds: The 
outstanding characteristic of halo- 
senated solvents is their de- 
reased flammability in compari- 
son with other solvents. Among 
those that find application in dis- 
solving resinous materials are 
chloride, ethylene 
chloride, and chlorotoluene. 

Nitrohydrocarbons: Nitropar- 
affins, which have been commer- 
cially available since 1941, are 
effective solvents for many syn- 
thetic resins. Those in this class 
include nitromethane, 
ethane, and nitropropane. 


methylene 


nitro- 


Theory of activity 


A knowledge of the behavior 
f resins in solvents is basic to 
the selection of the best solvent 
a given resin for a given 
application, This behavior can be 
understood by considering a solu- 


tion of a typical resin such as 
nitrocellulose from a mechanistic 
oint of view. 


This approach views the dis- 
solved resin macromolecules as 
attracted to each other by forces 
ting from so-called active 


ente definite points or areas 
on tl surfaces. In a solution, 
thermal agitation tends to break 
the molecules apart, whereas the 
attractive forces tend to unite 


\ dynamic equilibrium 
herefore, for every con- 
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PLASTICIZERS 


%& POLYCIZER DBS — (Dibuty! Sebacate) 
we POLYCIZER DBP — (Dibuty! Phthalate) 
We POLYCIZER 162 — (Diocty! Phthalate 
%& POLYCIZER 332 — (Dioctyl Adipate 


%& POLYCIZER 532 — (Octyl Decy! Adipate) 


ww POLYCIZER 562 — (Octyl Decyl Phtha- 
late) 
%& POLYCIZER 632 — (Didecy! Adipate 
We POLYCIZER 662 — (Didecy! Phthalate) 
%& POLYCIZER 662-BPA — (Electrical grade 
of 662) 
He CELLUFLEX 179C — (Tricresyl Phosphate 


We CELLUFLEX 112 — (Diphenyl Cresy!l Phos- 


phate) 


Cortnin, Qualities 


STRONG 
APPEAL 


We are talking about those 
important qualities in so 


many products made of — 


COLORS 


for Instonce- 


Brilliance and permanence with 
precision matching of tones add 
the lure that helps sales appeal 

- Colors dispersed in plas- 
ticizers or plastics for easy 
incorporation into compounds — 


to save on production costs... . 


%& STAN-TONE MBS — Colors plastic dis- 
persed in masterbatch form. Standard- 
ized in color intensity for precision 
color matching, cleaner compounding. 

%& STAN-TONE PEC — Polyester paste col- 
ors. Pigments selected for maximum 
heat and light stability. Custom-matched 
to color requirements, in polyester resin. 

%& STAN-TONE Paste — Color dispersed in 
plasticizer for organosol, plastisol and 
calendered vinyl resins. 

%& STAN-TONE GPE — Colors dispersed in 
polyethylene, for polyethylene, rubber 


and vinyls. 


%& STAN-TONE Dry Colors ... 


STABILIZERS 


We offer a complete line of stabilizers for balanced heat 
and light stabilizing for all polyvinyl chlorides and their 


copolymers . . 


In paste, powder and liquid forms for 


long outdoor aging, for excellent light and heat 
stability, for non-toxic packaging films, for pre- 
serving color brightness in many plastic materials. | 


Write for complete technical data on any products. |= }| 







HARWICK STANDARD CHEMICAL Co. 


AKRON « ALBERTVILLE, ALA. * BOSTON ¢ CHICAGO * GREENVILLE, S.C. « LOS ANGELES * TRENTON 
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Sole National Distributor for Leading Producers of 


centration and temperatu: 
which a fixed fraction of the » 
tential active centers or 
resin macromolecules are | 

to each other, although 
given union may exist but | 
instant. This continual fo 
and breaking of the resin 
unions is referred to as the ag. 
gregation-disgregation equilibri. 
um. 


HERCULES 
POWDER 
COMPANY 


CADET 
CHEMICAL 
corp. 


CHEMICAL 


DEPARTMENT 
MCKESSON & ROBBINS 


INCORPORATE ODO 


155 EAST 44th STREET, NEW YORK 17, N. Y. 





PRODUCT NAME 


DESCRIPTION 


MANUFACTURER 





BENZOYL PEROXIDE 
BENZOYL PEROXIDE 
BENZOYL PEROXIDE 
BENZOYL PEROXIDE 
CADOX BC 
Carax BCP 
CADOX BDP 
CADOX BSA 
CADOX BSD 
CADOX BTIP 
CADOX MDP 
CADOX PS 
CADOX S6 


96% — granular 
96% —fine powder 





99% —fine powder — purified 

wet, 22¥2% water and 30% water 

purified benzoy! peroxide and camphor 

benzoy! peroxide mixed with calcium phosphate 

paste —benzoy! peroxide with dibutyl phthalate 

granular —benzoy! peroxide with stearic acid 

paste —finely milled benzoyl peroxide with 
silicone fluid 

paste —henzoy! peroxide with tricresyi phosphate 

liquid —60% methyl ethy! ketone peroxide 
in dimethy! phthalate 

paste — para chiorobenzoy! peroxide with 
silicone fluid 

paste —finely milled benzoy! peroxide with 
silicone fluid 

paste —2, 4—dichiorobenzoy! peroxide with 
dibuty! phthalate 


paste —2, 4—dichlorobenzoy! peroxide with 
dibuty! phthalate and silicone fluid 


liquid —73% hydroperoxide content 
liquid — 53% hydroperoxide content 
95% — granular also wet 


liquid — 53% hydroperoxide content 
liquid — 75% hydroperoxide content +1.0% 





Cadet Chemical Corp. 
Cadet Chemical Corp. 
Cadet Chemical Corp. 
Cadet Chemical Corp. 
Cadet Chemical Corp. 
Cadet Chemical Corp. 
Cadet Chemical Corp. 
Cadet Chemical Corp. 
Cadet Chemical Corp. 
Cadet Chemical Corp. 
Cadet Chemical Corp. 
Cadet Chemical Corp. 


Cadet Chemical Corp. 
Cadet Chemical Corp. 
Hercules Powder Co. 
Cadet Chemical Corp. 





SPECIFICATION and TECHNICAL DATA SHEETS ON REQUEST 


McKESSON CHEMICAL POINTS OF SERVICE 


Local Service from 33 Branches...One Conveniently Near You 


ATLANTA 8, GEORGIA 
805 Peachtree St., N.E. 


BLOOMFIELD, NEW JERSEY 
1246 Brood Street 


BOSTON 9, MASSACHUSETTS 
79 Milk Street 


BUFFALO 7, NEW YORK 
1807 Elmwood Avenve 


BURLINGTON, IOWA 
100 North 4th Street 


CEDAR RAPIDS, IOWA 
900 Second Street, S.E. 


CHICAGO 80, ILLINOIS 
540 West Randolph St. 


CINCINNATI 2, OHIO 
49 Central Avenve 
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CLEVELAND 3, OHIO 
4500 Euclid Avenue 


DALLAS 22, TEXAS 

611 North Field Street 
DAVENPORT, IOWA 

220 East Second Stree 
DECATUR, ILLINOIS 

60 Industry Court 
DENVER 2, COLORADO 

505 Kittredge Building 
DES MOINES, IOWA 

216 Elm Street 
DETROIT 15, MICHIGAN 

12035 Mack Avenue 


GRAND RAPIDS 2, MICHIGAN 
McKay Tower Building 


HOUSTON 11, TEXAS 
515 Norwood Street 


KANSAS CITY 1, MISSOURI 
1422 St. Lovis Avenue 


LOS ANGELES 22, CALIFORNIA 
5353 Jillson Street 


MILWAUKEE 4, WISCONSIN 
531 South Water Street 


MOBILE 9, ALABAMA 
453 St. Anthony Street 


WEW YORK 3, NEW YORK 
225 Fourth Avenue 


OMAHA 1, NEBRASKA 
902 Farnam Street 


PEORIA 1, ILLINOIS 
812 S. Washington St. 


PHILADELPHIA 2, PA. 

225 South 15th Street 
PHOENIX, ARIZONA 

Security Building 
PITTSBURGH 28, PA. 

300 Cedar Boulevard 
PORTLAND 8, OREGON 

630 N.W. 14th Avenue 
PROVIDENCE 1, R. 1. 

68 Traverse Street 
ST. LOUIS 2, MISSOURI 

904 Landreth Building 
ST. PAUL 14, MINNESOTA 

2295 University Avenve 
SAN ANTONIO 6, TEXAS 

1110 Hoefgen Avenue 
SIOUX CITY 6, IOWA 

304 Pearl Street 





While the resin macromolecul 
are so joining and separating, t! 
solvent molecules are simultane. 
ously attaching themselves to th: 
active centers on the resins an 
are likewise being dislodged } 
collision with other molecule 
Under any set of temperatur 
and condition; 
therefore, a certain fraction of th 
active centers on the resin macro- 
molecules will be solvated by sol. 
vent molecules. Although the dv- 
ration of any given union may > 
but momentary, the over-all re- 
sult is to a definit 
fraction of the active centers a 
the resin macromolecules as po- 
tential cross-linking points. Th 
proportion of the active centey 
thus solvated depends, for a give 
system, on the relative concen- 


concentration 


eliminate 


tration of solvent molecules pres- 
ent and on the temperature. Thi 
second equilibrium is called th 
solvation-desolvation equilibriur 
and it operates simultaneous! 
with the aggregation-disgregatior 
equilibrium. 

The process of dissolution of ¢ 
macromolecular substance by # 
active solvent takes the followin 
When solvent is firs 
the the solvent 
penetrate the inter 
stices between the macromolect: 
lar chains and begin to attac! 
themselves to the resin molecule: 
whenever bare active centers a 
presented. As more and mo 
active centers on the resin macro- 
molecules become solvated, dis- 
gregation proceeds, and addition 
targets for the solvent molecule 
are provided. Finally, an equil- 


course: 
added to 
molecules 


resin, 


brium is reached where, at 

fixed temperature, the maximu" 
fraction of the total number | 
active centers on the resin macro 
molecules is solvated. The valu! 
of this fraction is determined )) 
the of solver! 


and resin molecules present P 


relative number 


unit volume of solution, and @ 
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plastics 


perfumery 
* th » * % 


A 


In the expanding plastics world of today, 
vinyls are often found in 
end products that have close personal 
contact with the consumer 
Belts, purses, shower curtains, raincoats, 
seat covers and shoes represent 
an increasingly large outlet for vinyls... 
and in such ‘‘close-up”’ items malodor, 
caused by certain stabilizers and 
plasticizers, can become a definite sales 
deterrent. The D&O Industrial 
Odorant Labs have had wide experience 
1 the development of both masking agents 
and fragrance additives for the highly 
pecialized field of plastics perfuming. 
No line is offered... for each 
formulation and each process is different, 
and requires individual attention 
Vhether your vinyl product requires the 
masking of malodor or the addition 
f a pleasant, sales stimulating fragrance 
the D&O Labs are equipped to 
rovide it for you, tailor made! Consult D&O. 


you 


sential y | ha | 





ESTABLISHED 1798 
meena, 


Our 159th Year of Service 


DODGE & OLCOTT, INC. 
18 VARICK STREET * NEW YORK 14, N.Y. 
les Offices in Principal Cities 


intial Oils + Aromatic Chemicals + Seasonings 
ume Bases + Flavor Bases + Ory Soluble 
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the relative strength of the bonds 
attracting the different molecules 
to each other. If the concentration 
of solvent molecules is increased 
by adding more solvent, this will 
be followed immediately by fur- 
ther disgregation of resin macro- 
until 
re-established. 


molecules equilibrium is 
Conversely, de- 
creasing the concentration of sol- 
vent molecules, as by evaporation 
of solvent, will reverse the process 
and cause further aggregation of 
the resin molecules. The equili- 
brium can also be shifted by othe: 
means. For example, the aggrega- 
tion process is favored when a 
nonsolvent such as a hydrocarbon 
is added. Carried to its extreme 
complete aggregation of all the 
resin. macromolecules may _ be 
effected, resulting in precipitation 
of the resin from solution 


Nitrocellulose coatings 
Nitrocellulose 


composed 


lacquers’ are 
essentially of three 
types of ingredients, exclusive of 
pigments if used. There are film 
formers such as nitrocellulose o1 
combinations of nitrocellulose and 
modifying resins, plasticizers, and 
volatile solvents. The volatile por- 
tion of the lacquer is generally 
referred to as the lacquer thinne: 
since it is a mixture of active 
solvent, latent solvent or coupler, 
and diluent. The active solvent 
(ketones, esters, or glycol ethers) 
is necessary to dissolve the nitro- 
cellulose The latent 


(alcohols) will not dissolve nitro- 


solvent 


cellulose alone but can be used 
in significant quantities without 
reducing the solvent power of the 
system. The diluents (hydrocar- 
bons) which are solvents fo 
many of the modifying resins, but 
not nitrocellulose, are generally 
less expensive than the active and 
latent solvents and are used to 
improve the economics of formu- 
lating lacquer thinners 


In formulating lacquer thin- 
ners, there probably is no ideal 
combination of components which 
will fit all use requirements. Test 
methods indicating the utility of 
solvents on a basis of various 


performance properties have 
therefore been developed to assist 
in the proper selection of solvents 
for lacquer thinners. 
Nitrocellulose lacquer films dry 


primarily by evaporation of the 





MOLD 


STICKING? 


USE 


REAL-EASE 


1 fete}, | 3 








RELEASE COMPOUND 





QUALITY: Highest-Uniform 
EFFICIENCY: Spray tailored for 


mold release use. 
AVAILABILITY: Stocks in key cities. 
ECONOMY: Check these prices. 


eit eeerererrrer $1.60 per can 
1 to 4 cases 
(12 cans each) ..... $16.80 per case 
ee” —saesaneaan ime” |” 
DE §8«=§s- Sa ane ese 14.40 ” 
25 or more cases ........ 13.20 ” ” 


DON’T DELAY! 


ORDER TODAY! 





BORCO CHEMICALS INC. 


3105 N. Cicero Ave. Chicago 41, lil. 
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INORGANIC PIGMENTS 


at fl 


PERMANENT + DEPENDABLE 
RESIST FADING AND HIGH TEMPERATURES 
INSOLUBLE IN SOLVENTS and PLASTICIZERS 


Suitable for 


CASTING - INJECTION or COMPRESSION 
MOLDING - CALENDERED FILMS AND 
COATING PROCESSES 


Ler —— Drakenteld 


APPLICATION B. F. DRAKENFELD & CO., INC. 
45 Park Place * New York 7, N. Y. 
Factory and Research Center: Washington, Pa. 
Pacific Coast Agents: 


Braun Chemical Company, Los Angeles 54 
Braun-Knecht-Heimann Co., San Francisco 19 














SYNTHETIC 


PEARL PIGMENTS 


FOR COMPOUNDING INTO 


POLYETHYLENE e@ CASEIN 
POLYSTYRENE POLYESTERS 
VINYL PHENOLICS (CAST) 
ACETATE ACRYLICS (CAST) 
NITRATE POLY PROPYLENE 
ACRYLICS and other resins 


COATING ALL SURFACES 


Rona Pearl Pigments are heat and light stable, non-reactive, 
non-corrosive, and impart high pearly luster, exceptional depth 
and brilliance at very low cost. 


RONA LABORATORIES, INC. 


East 21st and East 22nd Sts., Bayonne 19, N. J. 


Manufacturers of Pearl Essence exclusively 


Plants: Maine @ New Jersey @ Canada 











volatile solvent system. The 
fore, the selection of thinner cc , 
ponents of proper evapora 
characteristics is an import 
factor in designing thinners 
technic 
such as spray, dipping, brush 
or knife coating. Evapora 
rates of solvents are indicatec 


specific application 


a number or relative evapora 
rate comparing the time fo 
given amount of a _ solvent 
evaporate with that of an e 
amount of a well-known refe 
ence solvent, generally n-but 
acetate, under identical condi- 
tions. It is important that th 
thinner be balanced in evapora- 
tion rate. If the thinner dries to 
fast, it leads to moisture blush or 
in the case of spray application 
to an uneven film surface com- 
monly referred to as orange peel 
Both moisture blush and flow- 
out can be improved by replacing 
part or all of the fast-evaporating 
solvent with slower-evaporating 
solvents having higher blush re- 
sistance, keeping the fast-evapo- 
rating alcohol to a minimum, or 
adding retarders like butyl Cello- 
solve, diisobutyl ketone, or Cello- 
acetate to the 
concentrations of thes 


solve system 
Large 
slow-evaporating solvents should 
also be avoided since they wil! 
unduly increase the drying tim 
and lead to sagging or running 
tendencies in spray application 

One method of appraising th 
strength of solvents for nitro- 
cellulose is by diluent toleranc: 
or dilution ratio. Since the dilu- 
ents are generally the least ex- 
pensive component of thinners 
it is desirable, from an economi 
standpoint, to use the highest dil- 
uent content consistent with good 
performance. Diluent tolerance is 
indicated by a dilution ratio, th 
maximum ratio of diluent-to-sol- 
vent which can be employed 
without gelation or precipitatior 
of nitrocellulose from a solution 
Dilution ratios for the common 
lacquer solvents are usually listed 
with the physical properties of 
the solvents. 

A second method of appraising 
the strength of nitrocellulose sol- 
vents is by viscosity. There 
maximum viscosity at whicl 4 
lacquer can be applied in «ny 
type of finishing procedure, w! ich 
limits the practical solids contents 
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a lacquer. Thus, in order to 
ieve the highest practical sol- 
content, components of thin- 
systems should be selected 
hich tend to reduce the viscosity 
of the lacquer. Data is available 
for the common lacquer solvents 
indicating the viscosity character- 
stics of solvents by reporting the 
viscosity of an 8 to 12% solution 
of nitrocellulose in the solvent. 
However, the viscosity of a lac- 
quer is also influenced by choice 
and concentration of latent sol- 
vent, diluent choice and concen- 
tration, and resins and _ plasti- 
cizers. All of these factors must 
be considered in obtaining a re- 
liable evaluation of solvent 
strength. 

There are many practical com- 
binations of components that are 
being used in formulating com- 
mercial lacquers. One approach 
might be indicated as a straight 
line type of formulation based 
largely on thinner components 
with similar evaporating charac- 
teristics in the medium boiling or 
evaporating range. A second type 
of formulating uses fast evapo- 
rating solvents and compensates 
with much slower evaporating 
solvents to average out the evapo- 
ration characteristics of the sys- 
tem. These and many other mod- 
ifications of these formulating 
techniques are all used in the 
coatings industry today. 


Vinyl resin coatings 


Coatings based on vinyl resins 
were introduced about fifteen 
years after the establishment of 
nitrocellulose lacquers. Those in 
widest use are of the vinyl chlor- 
ide type—copolymers of vinyl 
chloride and vinyl acetate, of 
vinylidene chloride and acrylo- 
nitrile (vinyl cyanide), and vinyl 
chloride and vinylidene chloride. 
Copolymers are used since neither 


vinyl chloride nor vinylidene 
chloride is readily soluble in or- 
ganic solvents, and copolymeriz- 
ing with another constituent 


yields a resin of improved sclu- 
bility. 

The formulation of solvent sys- 
tems for vinyl coatings differs 
somewhat from that of nitrocellu- 
lose coatings. The solubility char- 
istics of many vinyl resins 
ire the use of stronger sol- 

such as the ketones in pref- 


SOLVENTS 


erence to esters. Vinyl resins also 
have limited tolerance for alcohols 
and aliphatic hydrocarbons and 
these solvents are generally 
avoided in formulations contain- 
ing the standard vinyl copoly- 
mers. The preferred solvent sys- 
tems for solution-grade vinyl 
resins are blends of ketones and 
aromatic hydrocarbons. 


Epoxy resin coatings 


Among the rapidly growing 
protective coating materials are 
the epoxy resins, which vary in 
properties from viscous liquids 
to hard resins. These are used in 
surface coating systems in three 
principal ways: 1) In combination 
with urea- or phenol-formalde- 
hyde heat-converted 
films; 2) By esterifying the epoxy 
resins with various vegetable 
acids and subsequently curing by 
oxidation or heat polymerization; 
and 3) As films converted either 
at room or elevated temperatures 
with amines or amides like the 
polyamide resins. 

Epoxy resin coatings of maxi- 
mum chemical resistance, hard- 
ness, and solvent resistance are 
obtainable with urea- or phenol- 
formaldehyde heat-converted 
systems. The same solvents may 
be used for both systems—a blend 
of equal parts by weight of the 
following solvents: methyl isobu- 
tyl ketone, methyl amyl] alcohol, 
toluene, and xylene. 


resins as 


Epoxy resin fatty ester systems, 
the largest volume for epoxy 
resins, are a compromise between 
cost and performance. Modifica- 
tion with fatty acids reduces the 
cost and allows the use of cheaper 
solvents such as aromatic and/or 
aliphatic hydrocarbons at the ex- 
pense of the chemical resistance 
properties of the films. 

In amine-cured epoxy systems, 
the system is converted to films 
either by the chemical reaction of 
the amine with epoxy groups 
and/or by the catalytic action of 
the amine. The reactive amine, 
which is packaged separately, is 
added to the epoxy resin vehicle 
prior to use. The typical solvent 
system would contain the follow- 
ing (amounts in percent by 
weight): methyl isobutyl ketone, 
45; butyl Cellosolve, 5; and tol- 
uene, 50. Main use for such sys- 
tems are industrial coatings which 
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GIVE PLASTIC PRODUCTS NEW 
LIFE, BRILLIANCE AND APPEAL 


UNIFORM 


BRILLIANT 


PIGMENT DIVISION 
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PITTSBURGH 30, PA 
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Now! 


The Most Complete Line 
of Quality 


COLOR PASTES 
for EPOXY RESIN Compounds 


from a long established, reliable, 
centrally located Chicago manufacturer 


Name 





The vehicle portion of all 
Plastic White the Epoxy Dispersions em- 
ploys the finest quality 
(100% solids) liquid Epoxy 
Resin on the market today. 
Orange All colorants used have ex- 


Permanent Black 


Primrose Yeliow 


Glass Green cellent resistance to color 
change due to the effects 


Blue : 
of light and heat. 





Mercadium Red 





Special shades of color dispersions can be manufactured for quantity users. 
Every user of Epoxy Compounds or Resins should carry a line of CLINCO Epoxy 
Dispersions. This will enable you to transform any color of Opaque Epoxy Com- 
pound which you are now using into a variety of bright colors. 


The Most Complete Line 
of Tailor-Made 


EPOXY 
COMPOUNDS 


Your Inquiries Invited. Write or Phone for Complete Details. 


Customer 
Service 


mom THE CLINTON COMPANY 


No. ! 


Concern PIONEERING QUALITY INDUSTRIAL FINISHES SINCE 1928 


1216 ELSTON AVE. * CHICAGO 22, ILL. 
Phone: ARmitage 6-7760 





cannot be baked but which 
must be resistant to strong sol- 
vents and corrosive atmospheres, 
Polyamide resins as well as 
amines can be used to cure such 
systems, but in this case, 35 to 50 
parts of polyamide resins per 100 
parts of epoxy must be used. 


Adhesive uses 


Resins are major raw materials 
of the adhesives field, a 25 mil- 
lion pound per year market for 
active solvents. Three types of 
resinous materials are used: ther- 
mosetting resins, which are prin- 
cipally phenolic or urea types; 
thermoplastic resins, mainly poly- 
vinyl acetate types or cellulose 
derivatives; and rubber. 

The solvent technology for 
thermosetting adhesives is of mi- 
nor importance because the resin- 
ous materials are applied in a low 
state of polymer development, and 
the macromolecular resin is not 
present until adhesive is cured by 
heat and the solvent has evapo- 
rated. Alcohols are used to dis- 
solve phenolics for wood lamina- 
tions, with a hydrocarbon such as 
toluene often incorporated in the 
volatile vehicle. Alcohols, too, are 
the principal solvents for urea- 
formaldehyde types. 

In general, the solvent technol- 
ogy of thermoplastic materials, 
(e.g., nitrocellulose, vinyls) re- 
sembles that of coatings. But a 
much greater variety of resinous 
materials is used in this field than 
in coatings. Polyvinyl acetate is 
the basis for a large family of ad- 
hesives, requiring esters and alco- 
hols as the principal solvents. 
Polyvinyl butyral, which is used 
as the inner layer of safety glass 
construction, requires ketones, al- 
cohols, and mixtures of alcohols 
and aromatic hydrocarbons as sol- 
vents. 

Another important aspect of 
solvents for adhesives is solvent- 
sealing wherein the solvent pro- 
motes self-bonding of plastics 
sheets or lacquered films. Thin- 
ners of this type for vinyl chlor- 
ide, for example, are built around 
methyl acetate, methyl ethyl ke- 
tone, methylene chloride, or cy- 
clohexanone as the principal ac- 
tive solvents. 

Rubber is employed in adhe- 
sives both in solutions and in nat- 
ural and artificial latexes. So!- 
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ats for such rubber-based types 
adhesives are almost exclu- 
sively hydrocarbons. 


New developments 


One of the new coating systems 
which requires the use of solvents 
is the urethane coatings. These 
coatings are prepared by reacting 
polyalcohols or combinations of 
polyalcohols with polyisocyanate 
in a solvent system. The solvents 
used in this application must be 
essentially free of any active hy- 
drogens since they will react with 
the isocyanates. High purity esters 
or glycol-ether esters, ketones, 
and aromatic hydrocarbons can be 
used as solvents. 

Another recent development is 
the acrylic or nitrocellulose- 
modified acrylic ester coatings. 
These coatings are formulated 
using the common lacquer sol- 
vents but generally require a 
richer solvent system than the 
usual nitrocellulose coatings. 

Solvents also are useful in latex 
paint formulations. By improving 
the coalescence of latex paint 
films through the use of solvents, 
the application temperatures can 
be extended and the pigment vol- 
ume concentration increased. Sol- 
vents useful in this application 
are glycol-ethers and/or glycol- 
ether esters. 
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Get the facts about this 
big market for plastics... 
the packaging field 


“Big Market,” is right! The men who select the materials used to 
package the output of American industries control a market with 


an annual value in excess of 10 billion dollars. 


This rich market is composed of about forty industries. It in- 
cludes manufacturers and packagers of such products as 
foods, cosmetics, chemicals, drugs, candies and tobacco prod- 
ucts. In all these highly competitive industries frequent pack- 
aging changes are the order of the day. Factors ranging from 
fascinating sales appeal to plain hard costs influence the men 
who make the packaging decisions. Consequently, no one type 
of packaging material (glass, metal, paper or fabric) ever 
has assurance that it won’t be supplanted by another. 


And now plastics have entered the arena as directly competi- 
tive materials for packaging. In just the last few years they 
have come to play an increasingly important role—and often 
at the expense of older “traditional” materials. 


Especially noteworthy is the fact that plastics can be used in 
the manufacture of almost every basic package type: box, bag, 
bottle, drum, jar, vial or collapsible tube! 


Right now this frontal invasion of the packaging field by alert 
plastics manufacturers, molders, laminators and extruders is 
well under way. And their chief sales tools are the two publi- 
cations which reach the men who make packaging decisions— 
Modern Packaging Magazine, issued monthly, and the annual 
Modern Packaging Encyclopedia Issue. 


Get full details about this Rich Market 


Additional data on using these media to help expand your sales 
to the packaging market are contained in the booklet “Facts 
About Modern Packaging and the Packaging Field.” Write for 
your copy. 


A BRESKIN PUBLICATION 
575 MADISON AVENUE NEW YORK 22, N. Y. 
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That’s all there is to it when you specify 
Vierck for formaldehyde. It comes in 
Wialasssyegienc-1e mel el Talelel-t-miceleameal-m 0) ale ms 
Flgei-s-) an (0) a nate] (ela) 26l-m e)aelele(edelamelalle 


t's made to the most rigid specifications 


any supplier in the industry. And it’s 


livered within 24 hours to points in the 

idle Atlantic and New England areas. 
Wrrte, wire or phone us your requirements 
for Formaldehyde 37%, 44%, 50%, Low 
VTcbaatetale)m G@halialallelicsvep m-ialem\yi-)ear-lale) 
nhibited, Hexamine Technical 

vder or Granular. MERCK & CO., INC., 

al Division, Rahway, N.J 








Destaticizers 


BY P. C. WOODLAND* 


S etic dust collection in proc- 
essing, display, and use of molded 
plastics parts is of widespread 
concern. Nearly all thermoplastic 
and thermosetting materials are 
affected to some degree, the for- 
mer more severely than the latter. 
As a result of investigations 
into the origin, polarity, and 
magnitude of static charges on 
plastics, much has been learned 
which, although it has not yet re- 
sulted in widespread use of de- 
staticized plastics materials, has 
led to the development and use 
of a number of destaticizers. 
Of all the plastics tested, poly- 


*The Dow Chemical Co., Midland, Mich. 
References were prepared by the editors. 


styrene appears to be the most 
active from the standpoint of 
static dust pickup. Polymethyl 
methacrylate, polyethylene, and 
polypropylene are next in line, 
followed by the remaining ther- 
moplastics and thermosets. This 
correlates with calculations and 
measurements of surface resistiv- 
ity, the property that controls the 
rate at which a charge leaks off. 
Polystyrene’s excellent electri- 
cal characteristics have been 
recognized for years and have 
been used advantageously in 
many applications. Unfortunately, 
polystyrene’s high surface resis- 
tivity is not always advantageous, 
particularly when it results in 


the attraction and accumulation 
of dust. This problem is most 
severe when colorful polystyrene 
moldings are exposed in a dry, 
dust-laden atmosphere. An at- 
tempt to dust off or remove the 
dust particles by wiping usually 
results in aggravating problems. 

It has been shown that both 
negative and positive charges 
exist at random on any untouched 
surface of a polystyrene molding. 
These charges may be the result 
of molding or hot-processing, 
fabricating, wrapping, polishing, 
or simply normal handling and 
storing. 

Airborne dust is attracted to 
and held by the highest electrical 
charges in the form of branched 
patterns, Once this type of dust 
pattern is removed or disturbed, 
it will never reappear, except 
under highly artificial conditions. 
Dust deposits on static charges of 
lower order more often take the 
form of small spots, streaks, or 
broader smears. Even though re- 





TABLE I: Destaticizers for polystyrene 





Name 


Liquid Joy 
Arquad 12 and 18 
Aliquat 4 and 6 
Statikil 

Wipe 


Carbowax (8 parts) 
Tergitol (2 parts) 


Anstac M 


SC9834-1 


Technistat S 
Technistat A 


Polishine 


Plasti-Kleen 


Manufacturer 


Procter and Gamble, 
Cincinnati, Ohio 


Armour and Co., 
Chicago, IIl. 


General Mills, 
Kankakee, IIl. 


J. E. Doyle Co., 
Cleveland, Ohio 


Merix Chemical, 
Chicago, Illinois 


Carbide and Chemi- 
cals Corp. 
New York, N. Y. 


Chemical Develop- 
ment Corp., 
Danvers, Mass. 


Standard Toch 
Chemicals, Inc., 
Chicago, III. 


Techniservice, 
New York, N. Y. 


Techniservice, 
New York, N. Y. 


Paint Products 
Labs., 
Chicago, IIl. 


Spix Products Co., 
Pittsburgh, Pa. 


Use 


2% water solution 
2% water solution 
2% water solution 
As received 
As received 


2% water solution 


As received 


As received 


As received 
As received 


As received 


2% water solution 


Effectiveness ———— 


At 73° F. 


Excellent 
Excellent 
Excellent 
Excellent 
Excellent 


Good 


Excellent 


Excellent 


Excellent 
Excellent 


Excellent 


Excellent 


At 130° F. 


Excellent 


Excellent 


Excellent 


Excellent 


Excellent 


Fair 


Excellent 


Excellent 


Excellent 


Good 


Excellent 


Tendency 
to craze 
None 
None 
None 

None 


None 


None 





DESTATICIZERS 








Destaticizers 
(Continued from p. 403) 








moved, they can easily be re- 
created by a variety of treatments. 

There appears to be no rela- 
tion between polystyrene’s dust 
pickup and the size, shape, or 
flow pattern of any molding. Mold 
lubricants, dyes, and even metal- 
lic pigments have no beneficial 
effect. 

On the other hand, some mold 
lubricants appear to aggravate 
formation of the objectionable 
branched patterns on polystyrene, 
and it is known that injection and 
compression molding processes 
are worse in this regard than ex- 
trusion. 

High humidity has no beneficial 
effect on polystyrene itself. How- 
ever, it has an effect on the dust 
and, hence, results in decreased 
dust collection during more 
humid weather. 

Limited amounts of radioactive 
elements are ineffective in reduc- 
ing static effects in polystyrene. 
Larger amounts are not only ex- 
pensive but they are also hazard- 
ous from the standpoint of health. 


























X-ray treatments are effective 
for a very limited time. Ultra- 
violet radiation is effective only 
after surface degradation becomes 
visible. Sulfonation of molded 
parts is effective, but hazardous. 

For polystyrene at the present 
time, the most practical answer 
appears to be application of the 
most effective, permanent, and in- 
expensive destaticizer that can be 
found. Table I, p. 403, lists several 
destaticizers that are effective for 
polystyrene. 
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FOR BIGGER SALES 


Plastic manufacturers and fabricators of 
plastic products can now improve their 
merchandise — make it more attractive and 
salable — either by adding an appealing 

and appropriate fragrance or by neutralizing 
any offensive odor it may possess. May we 
suggest that you look into the possibilities 
of using some of the new, scientifically 





















































Odorant Division has perfected for the 








PLASTIC ODORANTS by FRITZSCHE ... it’s FREE! 












































ODOR -IZE YOUR PLASTICS 


developed odorants and perfumes our Industrial 


plastic industry? Write now for informative booklet 


FRITZSCHE 
BROTHERS, INC. 


PORT AUTHORITY BUILDING 
76 Ninth Avenue, New York 11, N. Y. 
(BRANCH OFFICES IN PRINCIPAL CITIES) 
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Organotin Stabilizers 
(Continued from p. 384) 


izing and stabilizing monomers to 
give a_ so-called prestabilized 
vinyl polymer. The use of certain 
vinyltins, homologous to the tin 
stabilizers discussed above, on the 
order of 2 to 3% based on the 
monomer, and then copolymer- 
ized, give exceptional heat stabil- 
ity in the finished polymer. It 
would be expected that since the 
polymer already has a stabilizing 
linkage in the chain, the dispers- 
ing of the stabilizer in the com- 
pound will be overcome and, 
therefore, better initial heat sta- 
bility would be obtained. This 
seems to be the case in experi- 
mental runs (12). The work so 
far done on such copolymers has 
not been published, but evidence 
seems to point to the fact that 
these are typical chain-type vinyl 
polymers with carbon-to-carbon 
connecting links, and that the 
substituted tin group is attached 
in pendant position to the poly- 
mer chain. 
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METALLIC STEARATES 
For mold release, internal 


lubrication, heat and light stabilization 


| 
Bbc oe 


CARBON 
witcoBLak” packs 


. an wee 
Grades for every unre 
ra 


WITCARB® 
(Precipitated Calcium Carbonate) 


Low-cost inert filler and extender 
for polyester resins 


io Sp ee thao 


Helping you 


NPOINT 


your plastics 


requirements 


Need chemicals with that “tailor-made” quality for 
your plastics manufacturing processes? Then join 
the ever-growing number of manufacturers who 
are turning to Witco. For Witco offers a broad 
selection of chemicals to fill your most exacting re- 
quirements. The plastics industry has found that 
Witco products have dependable uniformity main- 
tained by the strictest quality control in Witco’s 
own plants. 

Prompt and effective assistance from our technical 
service laboratories is available at all times. 


Send today for complete information and samples. 


WITCO CHEMICAL COMPANY 


122 East 42nd Street, New York 17, New York 


Chicago « Boston « Akron « Atlanta « Houston 
Los Angeles « San Francisco * Oakville, Ontario 
London and Manchester, England 





IVERDALE 


A OO TLE 


FOR THERMOPLASTICS 


Quatity 
DEPENDABILITY 


U Nirormity 
Economy 
Service 


make the difference 


> ee |e). & —a ote] Re), : 


Lote Pal, lem 


5 Oliver St 
Newark 2, N. J 
Mitchell 2-3337 


FIRST EFFECTIVE ANTI-STATIC 
COMPOUND! NEUTRALIZES POSITIVE 
AND NEGATIVE CHARGES! 

* OPTASTAT is a chemically balanced 
invisible coating which is inert anc 
does not discolor. It is harmless to al! 
industrial plastics. When applied i: 
forms a continuous, non 
scopicaliy thin film of high dielectric 
strength. Where surface is already 
charged, it discharges the static and 
acts as a protective insulation. Avail- 
able in Paste, Cream or Liquid. 


FIRST oat ANTI-STATIC DIE 
TREATMENT! NEUTRALIZES POSITIVE 


orATC AND NEGATIVE CHARGES! 


te} i» 
RELEASE 


MOLD RELEASE is ac 

anced, inert, invisible coating. limi. 
nates static charges caused by rubbing 
and abrasive action of molding 
ira ecm heat transfer 


For complete information write: INDUSTRIAL DIVISION 


OPTICS MANUFACTURING CORPORATION 


Amber and Willard Streets +* Philadelphia 34, Pa 

















ARE YOU IN 
uz OUDVMe- 
Get Your Color Problems into Focus with 


PIGMENT DISPERSIONS 


INC. 


BOX 175 ROSELLE, N. J. 


Specialists in Paste Dispersions for 


Polyesters 
Epoxies 
Acrylics 

Urethanes 

Vinyls 


Additional Information on request 

















PIONEER IN PETROCHEMICALS 


Products Service 


1958-1959 


ENJAY COMPANY, INC. 
15 West 51st Street, New York 19, N.Y. 
Other offices: Akron e Boston e Charlotte e Chicago e Detroit e Los Angeles e New Orleans e Tulsa 











EC niay 
Ciijdy 


sopropyl Alcohol 


is a valuable raw material for the manufacture of chemical 
derivatives such as acetone and esters. It is a solvent for many 
oils, resins and surface coating materials and may be used 
readily in extraction processes, cosmetics and varnish and 
lacquer formulations. Other applications of importance are 
anti-freeze, cleaning compositions, antiseptics and astringents, 
insecticides and disinfectants. Enjay isopropyl alcohol is avail- 
able in 91% and anhydrous grades. The anhydrous grade is 
unique in its dryness and purity as will be seen from the 
following specifications and typical inspections. 


SPECIFICATIONS 
WOVE re, WORIINE GOT GORE, GIG. 6c ccc ccccccvdccccccccsccece 0.15 
SPECIFIC GRAVITY, 20/20°C, max. . Litwmuvd nee denne adowe 0.7867 
ACIDITY, as acetic acid, weight per cent, max. .............. 0.002 
ee Se OL ceri ane oe bo So WhO esa 6 Oh ease Oe ba obwe 10 
NON-VOLATILE MATTER, mg/100 mi, max. .............006. 2 
DISTILLATION, °C 
i Oe wed neh inca hdl ee eee ehw aud eedee 81.5 
Dry point, max. . {TRPKEEEIS ROL RHEA CERT 83.0 
cada edith. Ser fa ss isdn ies apace alae atic none 


WATER DILUTION 


TYPICAL INSPECTIONS 


Purity, volume per cent 


btn we—wnnndan cee hehe sie tieneamen 99.9+ 
ee CS cnc cinvendnads cetntdesesevsewans 0.7866 
TN acini aba attns alas Weise acheah insane 0.7823 

Acidity, as acetic acid, weight per cent .................06- 0.001 
I Da a ce ng ie ca als aaa i Ge be dn dr ae 5 
PD TE, CCE OE cacikvdccodcwadodeereseekes 1 
Distillation, °C 

Dt dantevweteneebesecgcedbdabndbeeesseeecenéeseus 81.8 

Dry point ‘ SET TT Te CCT CT 82.4 
EE ED 6cbseK0saveseacetedceesns ckanetaweeeanane none 


Water dilution . 


Enjay lsooctyl Alcohol 


is a versatile raw material for the manufacture of chemical 
derivatives such as esters, isooctyl aldehyde and _ isooctoic 
acid. Di-isooctyl phthalate is a widely used plasticizer for syn- 
thetic resins such as vinyls. Other uses for Enjay isooctyl 
alcohol are as a solvent for oils, gums, waxes and resins, and 
as a coupling agent in emulsions and soluble oil concentrates, 
and as a solvent in the manufacture of greases, insecticide 
concentrates, textile lubricants and printing inks. 


SPECIFICATIONS 


Pe, Ce Ne COE, GI ain ccciccvicancucecdcdesscesies 99.0 
A rere 0.830 
ee ee ane mere 0.834 
ACIDITY, as acetic acid, weight per cent, max. ............. 0.001 
I, foo a ag ik aera Gea a aaa eats wee ieee 10 
Co SL ee ee er tere 0.10 
CARBONYL NUMBER, mg KOH/g, max. ............eceeeeee 0.3 


DISTILLATION, °C 
Initial, min. . 
Dry point, max. 


Enjay Decyl Alcohol 


is widely used in the manufacture of ester plasticizers such as 
didecy! phthalate and didecyl adipate as well as for co-esters 
such as isooctyl-decyl phthalate. Other uses for Enjay decyl 
alcohol are in the manufacture of anti-foaming agents, textile 
lubricants and herbicides. 


SPECIFICATIONS 


PET, WE OO BOER. GI. occ ccc ccteeoerstarececevues 99.0 

ee Gee He ie MRL. 6. oc Koeeceecksiecevecwen 0.835 
NS oi cir heb Reid bald a eine aie 0.840 

ACIDITY, as acetic acid, weight per cent, max. .............. 0.001 





oe er cadtataae beee ° 


eee weet ee weee 


Ceeeey CE NP GONE, GUI. oo i ccccccccesccesceceesses 0.1¢ 
CARBONYL NUMBER, mg KOH/g, max. ........--+eeeeeeees 0.3 
DISTILLATION, °C 
DMG: tis tranabdwebetddedsebadeenedanebaenaie 215 
ML dsc cnen tirade ace d eae k adadenal 225 
APPEARANCE 


Enjay Tridecyl Alcohol 


is a valuable raw material for the manufacture of various 
chemical derivatives such as the mercaptan, sulfate and borate, 
It is also used in synthetic detergent manufacture as a con- 
densation product with ethylene oxide. 


SPECIFICATIONS 
re, i OE Mo. ss eecew ene eedee.eweweneal 98.0 
Pr ee te Tg Se Os GI, cece ccc cceccescocceces 0.843 
Pi sichatanceveeseenn enews 0.848 
ACIDITY, as acetic acid, weight per cent, max. .............. 0.003 
eS CS obs cha whee Oe seeaKedeeenaehveeen ee 25 
ee ee ce are ech aden evens eenes eee 0.15 
CARBONYL NUMBER, mg KOH/g, max. ............0000eeee 0.7 
DISTILLATION, °C 
didn tenis akin oie mbes Ged eens ae eae 245 
DC. cs cdeveede eed maseeendéek east abkees 270 
APPEARANCE ....... Bright and clear, free from suspended matter 


Enjay Ethyl Alcohol 


is a valuable solvent and chemical raw material. It is widely 
used as a solvent in the manufacture of shellac varnishes, 
lacquers, pharmaceuticals, cosmetics and plastics. It is also 
used in purification, extraction and crystallization processes. 
It has many important uses in the synthesis of a wide variety 
of chemical compounds. Enjay ethyl alcohol is available as 
Jaysol (proprietary solvent) as well as in specially denatured 
formulas. The properties of these alcohols are available on 
request. The specifications for Enjay ethyl alcohol used in 
their preparation follow. 


SPECIFICATIONS 


SPECIFIC GRAVITY @ 60/60°F, max. 0.8158 
COLOR, Hazen, max. ; 10 
PURITY, volume per cent, min. : ; . 95 
DISTILLATION, °C 

a cue’ ; _— 77.5 

Final, max. Ye peda h ditions winanae re 
ACIDITY, as acetic acid, weight per cent, . 0.002 
PERMANGANATE TIME, minutes, min. = 40 


Enjay Secondary Butyl Alcohol! 


is a useful raw material for the preparation of chemical deriv- 
atives such as methyl ethyl ketone, esters, chloride and zan- 
thate. Due to its intermediate evaporation rate, compatibility 
with other solvents, and high solvency, secondary butyl alco- 
hol has wide application in the formulation of varnishes 
and lacquers. 


SPECIFICATIONS 
a a err err ee 0.807 
PG Baden Awan cameeaauwwn 0.809 
ACIDITY, as acetic acid, weight per cent, max. .............. 002 
RC eA aR WR epee tp Sere ee water white 
DISTILLATION, °C 
ML 4 ¢o-cos Sid adda augers aw aaa eek eee 98.5 
I a Fall i Sd rae Gai, Wala oak ENED 100.5 
NON-VOLATILE MATTER, mg/100 ml., max. ...........2005+ 2.0 
ee HL, occaswsecdbcnendoeesceneven 99 
Ee eee ee ee ree ee ee none 


WATER, weight per cent, max. ......... 





Enjay lsobutylene 


is a versatile, high purity chemical usable in a variety of 
syntheses. In addition to the normal olefin reactions, it 1 4y 


ae eee Bright and clear, free from suspended mat er 





r 
is a 
olef 
phe 
med 


SPE 


- dimerized to isooctylenes or used in the alkylation of ter- 
iry paraffins, aromatics, or phenols. Hydration yields ter- 
iry butyl alcohol. Reaction with oxides of nitrogen or ni- 
osyl chloride produces compounds of possible interest for 
ie synthesis of nitrogen derivatives. 


PECIFICATIONS 

oh he tk Orne 99.0 
BUTENES, weight per cent, max. ............cccccccccces 0.8 
CUTAMES, WOIGNE DOF CONE, WIM. 2... ccccccccccccccccceces 0.5 
CARBONYL, as acetone, weight per cent, max. ............. 0.01 
I I ick Sia sdinca. bee wedo baw adeeb wee kia wean 10 
reer, We GF OE, CUI, 5 oc ce wecdcncsvcesceccesesves 0.007 
DISTILLATION, °C, weight per cent below—15°, max. ........ 0.05 


njay Iripropylene 
is an excellent source of 9-carbon olefins useful in ordinary 


olefin reactions as well as in alkylation of aromatics and 
phenols for the manufacture of detergents and resin inter- 


mediates. 
SPECIFICATIONS 
UNSATURATES, volume per cent, min. 97.0 
SPECIFIC GRAVITY, 20/20°C, min. 0.733 
max. 0.743 
DISTILLATION, °F 
5% point, min. 255 
95% point, max. ‘ 290 
SULFUR, ppm, max. 20 
PEROXIDES, active oxygen, ppm, max. ~ 
INHIBITOR, tertiary butyl catechol, ppm, min. 100 


jay Tetrapropylene 


is a primary source of 12-carbon tertiary olefins and responds 
to the general olefin reactions. It is a valuable raw material 
for the production of detergent intermediates such as dodecyl 
benzene. With hydrogen sulfide, it yields a mercaptan usable 
in the manufacture of synthetic rubber. 


SPECIFICATIONS 
UNSATURATES, volume per cent, min. 98.0 
SPECIFIC GRAVITY, 20/20°C, min. 0.768 
SE nee ied ei acecte sarees 0.785 
DISTILLATION, °F 
ED NS sai iach ok iach Giid nin eaeaie dean a “500 
Dry point, max. 435 
PEROXIDES, active oxygen, ppm, max. 20 
INHIBITOR, U.O.P. No. 5-ibs/1000 bbis, min. 4 


nene (Close Cut) 


is a source of high-purity nonenes applicable in the manufac- 
ture of detergent and resin intermediates through alkylation 
and yielding products with closely controlled physical and 
chemical properties. Nonene is a potential source for a great 
variety of higher olefin derivatives. 


SPECIFICATIONS 
UNSATURATES, volume per cent, min. 99.0 
SPECIFIC GRAVITY, 20/20°C, min. 0.736 
max. ... 0.740 
DISTILLATION, °F 
Initial, min. ... t ‘ aan ‘ 260 
Dry point, max. 290 
SULFUR, ppm, max. 5 
PEROXIDES, active oxygen, ppm, max. 25 
INHIBITOR, tertiary buty! catechol, ppm, min 100 





APPEARANCE, . Bright and clear, free from suspended matter 


jay Butadiene 


i highly reactive, high purity diolefin which takes part in 
ny reactions. It may be polymerized by itself or copoly- 
ized with products such as styrene or acrylonitrile to yield 
ns and plastics. The styrene copolymer is the base of many 
er emulsion paints and of synthetic rubber. Butadiene re- 
with maleic anhydride and its esters to yield cyclohexene 
irboxylic acids and their derivatives. 

















































SPECIFICATIONS 

CONJUGATED DIENE, 

as 1,3 butadiene, weight per cent, min. ............-45- 98.0 
ACETYLENES, as vinyl acetylenes, ppm, max. ...........+. 500 
CARBONYL, as acetaldehyde, ppm, max. .......-.--eeeeeees 100 
PEROXIDES, as hydrogen peroxide, ppm, max. .............. 10 
SULFUR, as hydrogen sulfide, ppm, max. ..........--+e0085 10 
BUTADIENE DIMER, weight per cent, max. ...........--0555 0.2 
HYDROCARBONS, (C;), weight per cent, max. ............+- 0.1 
NON-VOLATILE MATTER, weight per cent max. ...........+. 0.1 
OXYGEN IN VAPOR OF FILLED CAR, 

WOR: DOT GO, TUBE coc ciccccccccesveccecsscsenece 0.3 
INHIBITOR, tertiary buty! catechol, ppm, in 

tank car as loaded By CONBSIGMOS ....cccccccosveccvces 100 
TTT Tee Clear and free of entrained matter 


Enjay lsoprene 


is a highly reactive diolefin similar in properties and reactions 
to butadiene and yielding generally the same types of deriva- 
tives. It is assuming an increasing importance as raw material 
for the manufacture of “synthetic natural rubber.” 


SPECIFICATIONS 

ISOPRENE, weight per cent, min 92.0 
TOTAL DIOLEFINS, weight per cent, min 95.0 
CYCLOPENTADIENE, weight per cent, max. 1.0 
ALPHA ACETYLENES, as isopropy! acetylene, 

weight per cent, max. 0.70 
CARBONYL, as acetone, ppm, max. 100 
SULFUR, ppm, max. 100 
PEROXIDES, as hydrogen peroxide, ppm, max. 10 
NON-VOLATILE MATTER, weight per cent, 60°C, max. 0.2 
INHIBITOR, as loaded, ppm, min. 50 
APPEARANCE, Clear and free of entrained material 


Enjay Dicyclopentadiene 


is the source for the unique and highly reactive cyclopenta- 
diene which is generated by heating dicyclopentadiene. Cyclo- 
pentadiene undergoes most of the reactions of normal diole- 
fins and in addition may be converted to organo-metallic 
derivatives and mono- and di-carboxylic acids. With maleic 
anhydride, cyclopentadiene yields a dibasic acid. Cyclopenta- 
diene monocarboxylic acid on reaction with maleic anhydride 
gives a tribasic acid. Dicyclopentadiene is a fruitful source 
for new chemicals. 


SPECIFICATIONS 
DICYCLOPENTADIENE, weight per cent, min 95.0 
DI(METHYL CYCLOPENTADIENE), weight per cent, max. 3.5 
ACYCLIC DIENES, weight per cent, max 2.5 
HIGHER CYCLIC DIENES, weight per cent, max 0.3 
SPECIFIC GRAVITY, 20/20°C, min. 0.970 
max 0.985 
COLOR, Gardner, max 1.0 
INHIBITOR, ppm, max. 250 
APPEARANCE, Clear and free of entrained matter 


Enjay Acetone 


is a valuable solvent and chemical raw material in industry. 
It is used as a solvent for acetylene and for cellulose acetate 
for the manufacture of a wide variety of surface coating com-| 
positions and in industrial extraction processes. Acetone is al 














raw material for chemical derivatives such as chloroform} 
iodoform, isophorone, ketone and acrylic resins. 





SPECIFICATIONS 


SPECIFIC GRAVITY, 20/20°C, min 0.791 
max. 0.793 

ACIDITY, as acetic acid, weight per cent, max. 0.002 
COLOR, APHA, max. 5 
WATER DILUTION, with distilled water Clear 
DISTILLATION, °C 

Initial, min 55.5 

Dry point, max 56.5 
NON-VOLATILE MATTER, mg/100 mi., max 1.0 
PURITY, weight per cent, min 99.5 
PERMANGANATE TEST, hours, min 2.0 
WATER Clear with 19 volumes naphtha 

Enjay Methyl Ethyl Ketone 


is an efficient solvent for vinyl and other synthetic resins, 
nitrocellulose, cellulose acetate and buna-N type rubbers. 
Because of its solvent properties, it is employed in the manu- 
facture of nitrocellulose cements, artificial leathers and fabric 
coating and photographic film. Methyl ethyl ketone in com- 
bination with benzol or toluene is used to reduce the wax 
content of lubricating oils. It is only partially miscible with 
water. The evaporation rate of methyl ethyl ketone is lower 
than that of acetone and is comparable to that of ethyl acetate. 


SPECIFICATIONS 
SPECIFIC GRAVITY, 20/20°C, min. 0.805 
max. 0.807 
COLOR, Hazen, max 10 
ACIDITY, as acetic acid, weight per cent, max 0.002 
DISTILLATION RANGE °C, including 79.6 1.5 
NON-VOLATILE MATTER, mg/100 mi., max. 2.0 
PURITY, weight per cent, min. 990 
RESIDUAL ODOR none 
WATER, weight per cent 0.2 
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is a low-cost lacquer solvent which has properties similar to 
ethyl acetate. It evaporates more slowly than ethyl acetate and, 
therefore, is valuable for blush-resistant formulations. Isopro- 
pyl acetate has good solvent properties which suggest a wide 
use in chemical industries. 


SPECIFICATIONS 
SPECIFIC GRAVITY, 20/20°C, min. .. TTT Ce 0.868 
WI oc:ccaveevesewsntesacees 0.872 
CR, BO, CE, cccdvcccccaseeteseseecesnsesenevnces 5 


OTHER ENJAY PRODUCTS: Enjay also offers benzene, 
p-xylene, CTLA polymer, naphthenic acids, aromatic tars and 
distillates and wood-preserving solvents. For further informa- 
tion on these or other Enjay products—and for samples, sup- 
plies or technical assistance—call or write 

©} any Enjay office. 


ENJAY COMPANY, INC. 


15 West Sist Street, New York 19, N. Y. 









ACIDITY, as acetic acid, weight per cent, max. ............. 01 
DISTILLATION, °C 

DES inn ainedcingh knees eee ewe cude a aediaeas 85.0 

i ail aac ok tak aah ba esa ele dd ah esse a 90.0 
NON-VOLATILE MATTER, mg/100 mi., max. ...............- 2.0 
Pees Or CE, Co cdndvessscetweckeeeneesWeu 95.0 
i an  a<.vtndereuease hee nceneawenbaceseasewaad none 
MEE Sd6NbbCeeebenaveuswseeauas Clear with 19 volumes naphtha 


Enjay Secondary Butyl Acetate 


is a medium boiling solvent used in the manufacture of nitro- 
cellulose coatings, films and plastic products from many resins. 
It may replace blends of ethyl and normal butyl acetates and 
is particularly useful in the formulation of lacquer “sealers.” 
Secondary butyl acetate dissolves manila, mastic, pontianak, 
ester, and other gums and asphalt and is miscible with vege- 
table oils. It is a partial solvent for shellac and does not 
dissolve cellulose acetate. 


J 


SPECIFICATIONS 
ee ees Ne, SN ee MI. nc invecesncvccsnceseedons 0.861 
RG. ccxee trees eecduncdwamae 0.865 
SI 53sec ab hc cco ln Who tae eb adenoid a saa water white 
ACIDITY, as acetic acid, weight per cent, max. ............. 02 
DISTILLATION, °C 
IE RS is awn a wince tear onabe di ardawacaa wee eee 104 
I a i lamas ia eal eee me 115 
NON-VOLATILE MATTER, mg/100 mi., max. ............225- 2.0 
Pe ay SNS I LB, ip dooce csednvecnoweecaenees 87 
ME: b.cctecnsees van erckineyaee 90 
I IE ns -cSaccncsds toad 4 ei wis os tds al asa a las ce none 
EN kai sce Wi nke' ha eb tae aaa ae a Clear with 19 volumes naphtha 


Enjay Ethyl Ether 


is a standard solvent for fats, oils, waxes, gums, resins and 
nitrocellulose. It is useful in making rayon and pyroxylin 
compositions and as a solvent for extraction processes. 


SPECIFICATIONS 
ee err ee 0.712 
Se ee ee 0.720 
ACIDITY, as acetic acid, weight per cent, max. ............. 0.005 
es, Se Cn cccetcwnte snseceveene de 1.0 
NON-VOLATILE MATTER, mg/100 ml., max. .............55. 0.002 
re: SE Ue NE, FE, ccc cer ecsdecctcenceestesses 0.25 
INHIBITOR, alpha naphthol, added, ppm. ...............45. 85 
es CE Nino ole odode sscéenséhoskeondedaeves 10 
7] 


NEW ENJAY LABORATORIES OFFER TECHNICAL HELP 
IN THE APPLICATION OF ANY ENJAY PRODUCT 
The new Enjay Laboratories, with the industry's most mod- 
ern, most complete testing and research facilities, stand 
roedy to give you any technical assistance you might 


neec| in the application of any Enjay petrochemical. 
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P1 SS poet aye ua Exemplary Stability in Plastics 


Exceptionally Bright 
Exceedingly Easy to Disperse 
Excellent Permanence 

Extra Economy 


MERCURY LIGHT RED Lithopone No. 480 
MERCURY MEDIUM LIGHT RED Lithopone No. 490 
MERCURY MEDIUM RED Lithopone No. 500 
MERCURY DARK RED Lithopone No 510 
MERCURY MAROON Lithopone No. 520 


ARSHAW 


The Harshaw Chemical Company 
1945 East 97th Street e Cleveland 6, Ohio 








VINYLS 


MORE AND MORE 


ARE FORMULATED AND BALANCED 


WITH HARSHAW VINYL STABILIZERS 
FOR QUALITY PRODUCTS 
AT PEAK PROFITABLE OPERATION 


RAISE YOUR STANDARDS 

MORE AND MORE 

IN FORMULATIONS BALANCED 

WITH HARSHAW VINYL STABILIZERS 
FOR WIDER SELECTION OF MATERIALS 
AT SAFER MARGINS OF PRODUCTION 


SUCCESSFUL VINYL PROCESSORS 
MORE AND MORE 

USE BALANCED FORMULATIONS 
WITH HARSHAW VINYL STABILIZERS 
FOR COMPETITIVE GROWTH 

AT TOP ECONOMIC ADVANTAGE 


THE HARSHAW CHEMICAL CO. 
1945 E.97th Street - Cleveland 6, Ohio 


CHICAGO « CINCINNATI + CLEVELAND + DETROIT « HOUSTON « LOS ANGELES 


HASTINGS-ON-HUDSON, N_Y. « PHILADELPHIA « PITTSBURGH 














HOECHST 
SPECIALTY VAT DYES 


NOW MANUFACTURED 
IN THE U.S.A. BY 


HOECHST CHEMICAL CORP. 


WEST WARWICK, R. I. 











HOSTAVAT BRILLIANT ORANGE GR 
HOSTAVAT SCARLET H4G 
HOSTAVAT SCARLET HGG 
HOSTAVAT BORDEAUX HRR 
HOSTAVAT BROWN HRR 
HOSTAVAT PRINTING BROWN HTM 


SOLE SELLING AGENTS 















CARBIC coior & CHEMICAL CO., INC. 
451 WASHINGTON STREET, NEW YORK 13, N.Y. 








Columbus 





Charlotte 





Providence Los Angeles 








Philadelphia 






Hamilton, Ontario 






TECHNICAL REPRESENTATIVES’ AND DISTRIBUTORS FOR 


FARBWERKE HOECHST AG. 
FRANKFURT-HOECHST 
WEST GERMANY 
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INDUSTRY INDUSTRIAL CHEMICALS DIVISION 
ad 1-181 Le), ee Ol). q —ar. “a 7 | 1,1 | 07. Ee 0 OB 
PITTSBURGH 19, PA. 
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TYPICAL USES 





Phthalic Anhydride 
Maleic Anhydride 
Xylol 


Butyl Oleate 
Phthalocyanines 
Fumaric Acid 


Decyl Butyl Phthalate 


Manufacture of alkyd resins. 
Used in the manufacture of alkyd resins. 


Used as a solvent in lacquers, varnishes and synthetic 
enamels, and the manufacture of phthalic anhydride. 


Used in the manufacture of resinous paints. 
Used as a pigment in high finish enamels. 
Manufacture of alkyd resins. 


Anti-skinning agent in paint production. 





PLASTICS 


Plasticizers 


Phthalic Anhydride 
Phenol 


Ortho Cresol 
Meta Para Cresol 
Maleic Anhydride 
Phthalocyanines 
Xylenol 


Fumaric Acid 


impart plasticity to polyvinyl chloride and polyviny| 
acetate resins. 


Manufacture of plasticizers and polyester resins. 


In making phenol formaldehyde resins for molding, 
and in making adhesives and laminating material. 


Reaction agent in the making of synthetic resins. 
Production of TCP and phenolic-type resins. 
Manufacture of plasticizers and polyester resins. 
A pigment in plastics production. 

A catalyst and reactant in resin manufacturing. 


Used in the manufacture of polyester resins. 





PHARMA- 
CEUTICAL 


Phthalic Anhydride 


Phenol 


Pyridine 


Alpha Picoline 


Beta Gamma Picoline 


Used in the manufacture of phenol phthalein and in 
cortizone manufacturing. 


Disinfectants, germicidal soaps and in the production 
of salicylic acid. 


Used in making penicillin, hormones, vitamins, sulfa 
drugs and other antibiotics. 


Manufacture of vitamins, anesthetics and germicides. 


In production of nicotinic acid, amide and other drugs. 





PROCESSING 


Phthalic Anhydride 
Maleic Anhydride 
Pyridine 

Alpha Picoline 

Beta Gamma Picoline 
Sulfuric Acid 
Ammonium Sulfate 
Phthalocyanines 


B-622 Fungicide 


Pyridine 

Sulfuric Acid 
Oleum 

Phenol 

Maleic Anhydride 


B-622 Fungicide 





Textile specialty resins and as dye intermediates. 


Used in the manufacture of dyes and wetting agents. 


In waterproofing compounds. 

In textile finishing and as a dye intermediate. 
In making waterproofing compounds. 

Used in textile finishing. 

As a fireproofing agent. 

In making dyestuffs and as a pigment. 


Industrial fungicide. 


Used as a solvent, HCL acceptor, and rust inhibitor. 
As a processing agent in general industrial applications. 


Used as starting chemical for many organic synthetic 
reactions. 


Industrial fungicide. 


PITTSBURGH INDUSTRIAL CHEMICALS | 


META PARA CRESOL 


PHTHALIC ANHYDRIDE SULFURIC ACID 


MALEIC ANHYDRIDE padnaviele OLEUM 


FUMARIC ACID PHTHALOCYANINES 


PYRIDINE 


2 PHENOL 
ALPHA PICOLINE FUNGICIDE B-622 


ORTHO CRESOL 


BETA GAMMA PICOLINE 
PX PLASTICIZERS 
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PITTSBURGH 


PRODUCT 


PX-108 Dilso Octyl Phthalate 
PX-138 DiOctyl Phthalate 
PX-158 DiCapryl Phthalate 


-114 Decyl Buty! Phthalate 
914 Butyl Octyl Phthalate 


118 IsoOctyl Decyl Phthalate 
-120 Dilso Decyl Phthalate 
-800 Epoxy 


313 Modified Alkyl 
Phthalate 

314 N-Octyl N-Decyl 
Phthalate 


212 N-Octyl N-Decyl Adipate 
208 Dilso Octyl Adipate 

218 IsoOctyl Decyl Adipate 
-220 Dilso Decyl Adipate 

238 DiOctyl Adipate 

404 DiButyl Sebacate 

438 DiOctyl Sebacate 


-104 DiButyl Phthalate 
917 TriCresyl Phosphate 


-y 
al 


Widely used basic “building type” 
plasticizers that exhibit an excellent 
combination of good standard prop- 
erties. 


A low cost phthalate plasticizer hav- 
ing good standard properties. Ideal 
for sheeting, tubing, wetting, and 
general extrusion work. 


Economical vinyl plasticizers. Sug- 
gested for use where low volatility 
and a higher degree of permanence 
is required. 


Ideal for use in high quality calen- 
dering, sheeting, film, plastisols; and 
because of its low volatility, low 
temperature flexibility and excellent 
heat stability, it is equally suitable 
for wire jacketing. 


For formulations requiring low tem- 
perature flexibility, heat and light 
stability, low volatility and low initial 
viscosity. Used in vinyl film com- 
pounds, polyvinylbutyral and syn- 
thetic rubber compounds. 


Used in the manufacture of poly- 
vinyl acetate and in nitrocellulose 
lacquers, synthetic rubber com- 
pounds and cellulose ester-type 
molding compounds. 
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masters in the field of C O iz O og ** 


El Greco’s — “View of Toledo” 


In recreating on canvas his view of Toledo, *El Greco used 
his intimate knowledge of pigments to produce not one, 
but a multitude of varied shades of green. 


Like the old masters, WESTCHESTER PLASTICS has been perfecting its knowledge of color for more than 
ten years. Like the old masters, WESTCHESTER PLASTICS can custom-create any shade of any color 
it is called upon to match . . . or compound a color concentrate with made-to-order consumer-sales appeal. 


Our latest achievement, for instance, is our pre-matched color concentrate for the new linear polyethylenes... 
a product that eliminates degrading, migrading and leaching, while it gives better temperature and chem- 
ical resistance. This and every other Westchester product has been perfected for confident use, has been put 
through exhaustive tests so that you can be assured of masterpiece quality. Write today for information on 
our complete line of custom-compounded concentrates. , 


“WESTCHESTER PLASTICS, Inc. 


326 WAVERLY AVENUE, MAMARONECK, N. Y. @ Mamaroneck 9-5980 


Custom Compounders of Polyethylene Molding Powder and other Thermoplastic Materials 
Manufacturers and Developers of Unicolor and Formacolor *Pliothene, Formacolor, Unicolor® T.M. Reg. U.S. Pat. Off. 














Important Facts 


About the $12 Billion 


Packaging Mark 


PRACTICALLY ALL PRODUCTS are pack- 
aged. It’s almost easier to count the 
industries that don’t package than those 
which do. That’s why the packaging 
market is herizontal . . 
thousands of 


. includes the 
companies that make 
products of all kinds that are pack- 
aged for shipment or sale. 

Packaging is in fact so integral a 
part of business as a whole that it ex- 
pands as business expands. In 1954, ac- 
cording to the U. S. Department of 
Commerce, the value of materials, sup- 
plies and services used in packaging 
the nation’s output stood somewhere be- 
tween 12 and 15 billion dollars. And 
as the national output of goods in- 
creases each year, so does the demand 
for packaging, packaging equipment 
and related supplies. 


What the Market Uses . . . and Buys 


The range of America’s products are 
as wide as our ingenuity. And the vari- 
ety of containers is equally broad. De- 
pending on the nature of the prod- 
uct, its package can be a bag, barrel, 
bottle, box, can, carton, chest, crate, 
capsule, drum, envelope, jar, tube, vial 
or wrapper. 

Often a package will be a composite 
of several of these forms and will use 
many adhesives, coatings, 
cork, film, foil, glass, ink, 
wood, paper, plastics, tape, and wax. 

To make these containers—and {fill 
them—takes bag machines, bottling 
equipment, box machines, capping 
equipment, cartoners, conveyors, coun- 
ters, die-cutters, filling machines, la- 
belers, printing presses, scales, slitters, 
staplers, stitchers, unscramblers and 
vibrators. And they may also require 
such additional services as embossing, 
fabricating, laminating, plastic mold- 
ing, and contract packaging. 

All of these containers, materials, 
supplies, services and machines are 
part and parcel of “packaging.” They’re 
the factors that give the market its 
tremendous scope. 


materials: 
fabric, 


420 


A Big Market for Plustics 


In just the last few years plastics have 
come to play an increasingly important 
role as basic packaging materials—and 
usually at the expense of older “tradi- 
tional” materials like paper, glass, and 
metals. The fact is that plastics can be 
used in the manufacture of almost every 
basic container form: bex, bag, bottle, 
drum, jar, vial, collapsible tube, over- 
wrap. Just as importantly, plastics have 
made possible new techniques in pack- 
aging that were hitherto impossible of 
achievement. Blister packs, squeeze con- 
tainers, water-soluble unit packages . . . 
these are just a few examples. 

Right now, the invasion of the packag- 
ing market by alert plastics manufac- 
turers is well under way. Material mak- 
ers, molders, extruders, fabricators, 
thermoformers and plastics converting 
equipment makers are investing heavily 
in sales and advertising efforts aimed at 
establishing solid beachheads in the 
packaging field. 


Who Does the Buying 


The factors that control package se- 
lection are as complex as business it- 
self. They include production, quality 
control, shipping, display, advertising, 
sales, promotion . . . and, often, outside 
packaging consultants. The purchase 
and specifications of packaging mate- 
rials usually cuts across many depart- 
ments of a company. 

Because the buying influences are so 
diverse, it is difficult for salesmen to 
reach them all. Most suppliers, there- 
fore, rely heavily on advertising to 
carry a good share of their selling lead. 


How Modern Packaging Fits In 


Mopern Packacinc is the oldest and 
largest magazine serving the packag- 
ing field. Prior to its founding in Sep- 
tember, 1927, the concept of packaging 


ae 


as a common function of many indus- 
tries was not generally recognized, nor 
was it realized that these industries 
have common packaging objectives, 
techniques, problems and procurement 
needs. 

Mopern Packacine changed all that. 
It gave the users of packaging every- 
where a single reliable forum where 
mutual problems might be solved and 
where new packaging materials, meth- 
ods and services could be publicized. 
As a result it gave packaging suppliers 
a single medium through which they 
could reach the various buying influ- 
ences in the many industries that pack- 
age the great bulk of the nation’s goods. 


Editorial Content 


The editorial purpose of Mopern Pack- 
AGING is to keep packagers informed of 
all the significant advances in the 
methods, materials and equipment of 
the art. Editorial feature space is de- 
voted to carefully researched original 
articles. About 90% is staff written, 
10% contributed by authorities in the 
field. Through the use of analyses, il- 
lustrations, case histories and “how-to- 
do-it” articles, the editors point out 
and interpret packaging trends. 


Advertising Acceptance 


Year after year, more advertisers in- 
vest more money in more space in 
Mopvern Packacine than in all other 
packaging publications combined. And, 
last year, they set new all-time highs in 
both space and dollar volume! 


Get More Facts 


To learn more about the sales poten- 
tials in the packaging field for the 
products you make, just write to Adver- 
tising Manager, Mopern PACcKAGING, 
575 Madison Avenue, New York 22, 
me Ue 


MODERN PACKAGING MAGAZINE 


A BRESKIN PUBLICATION 
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RIGIDS - FLEXIBLES 


| _ FILMS- SHEETING - PLASTISOLS 
ORGANOSOLS 





























METAL & THERMIT 
CORPORATION 


GENERAL OFFICES: RAHWAY, NEW JERSEY 


METAL & THERMIT— UNITED CHROMIUM OF CANADA, LIMITED + REXDALE, ont, 


Complete information on THERMOLITE stabilizers is available on request, 

















Most closely approach the requirements of an 
ideal stabilizer by giving outstanding clarity, in- 
suring excellent heat and light stability. Wide 
range of the stabilizers permits the selection 
of a type for your specific use. 


THERMOLITE 12— for all applications requiring mod- 
erate heat stability and good light stability . . . has 
lubricating properties . . . optical clarity in all vinyl 
resins. 

THERMOLITE 13— powerful heat stabilizer with di- 
enophilic properties -for processing vinyls at high 
temperature. 

THERMOLITE 17 — outstanding light stabilizer, espe- 
cially for plastisols and organosols . . . vinyls are 
crystal clear. 

THERMOLITE 20 — sulfur-containing .. . for rigid vi- 
nyls. Has excellent lubricating qualities and good 
heat stability. 

THERMOLITE 25 — outstanding all-purpose stabilizer 
for rigids, flexibles and plastisols. 


THERMOLITE 31 — most powerful stabilizer known . .. 
unexcelled for rigids, either clear or pigmented. 


THERMOLITE 45 — low cost, for processing copolymer 
rigids . . . no water pick-up in clear vinyl hose. 


THERMOLITE 112— this new concept in barium-cad- 
mium stabilizers contains no fatty acids or octoates. 
Outstanding compatibility-insures no “plate out”. Ex- 
cellent clarity, heat stability and light stability in all 
vinyl applications. Low viscosity in plastisols. Film 
and sheeting made with Thermolite 112 has excellent 
printing and heat-sealing characteristics. 





THERMOLITE 166 — liquid-zinc stabilizer for use with 
Thermolite 112 to improve initial color, prevent sulfur 
staining and reduce viscosity in plastisols. 


THERMOLITE 180 — purely organic stabilizer for use 
with alt metallic stabilizers. Powerful antioxidant prop- 
erties prevents, yellowing during processing. 















Specialists in Coloring Plastics 














Dry Colors for Color Pastes for 


@ Injection Molding @ Polyester 





@ Extrusion 
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@ Vinyl 


@ ALL Thermoplastics @ Acrylic 











The Maximum 





Completely equipped 










in Quality, Service ,! 
laboratory for and Value a 
solving your for your 
color problems coloring 
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PLASTICS COLOR COMPANY c 

re 
22 COMMERCE ST., CHATHAM, N., J. TEL. ME-5-8600 
Northwest U.S.A. Midwest U.S.A. Export Southwest U.S.A. 

INTERNATIONAL SALES CORP. C. J. BERINGER HERBERT LORENZ, INC. THE THERMAL PRODUCTS CO. F 

1230 Westlake Ave. No. 727 Echo Lane 299 Madison Ave. 1215 Hardy St. 
Seattle 9, Wash. Glenview, Ill. New York 17, N.Y. Houston, Texas 





Tel.: ADLER 6116 Tel.: RO 4-4500 Tel.: MU 2-2674 Tel.: CAPITAL 2-9881 








Complete information on THERMOLITE stabilizers is available on request, 


Why best-selling 
begin with Glidden pigments today 


In an increasingly competitive market, the top-quality 
products you produce—and se//—must appeal with every 
color advantage possible. 

Colors must be bright and clean. Opacity and hiding 
power are basic. Uniformity of tone value must be 
consistent. And colors must be locked in for maximum 
resistance to fading and bleeding. 

Glidden pigments fulfill all of these requirements. 


By the makers of Sunolith Lithopones . 


plastic products of tomorrow 


Glidden Zopaque Titanium Dioxide is the whitest white 
pigment available. New Mercadmolith (mercury-cadmium) 
and Cadmolith (cadmium-selenium) colors offer a combi- 
nation of advantages found in no other reds and yellows. 
They are soft, easy to grind; insoluble in all vehicles; high 
in heat resistance. 

Be sure to specify Glidden—a leading supplier of finest 
pigments to industry. 


. . Euston White Lead . . . Resistox Copper Pigments 


@vatiry 


THE GLIDDEN COMPANY (¢ 


Chemicals °* 


Pigments °- 


Metals Division uct 


Baltimore, Maryland « Collinsville, Illinois * Hammond, Indiana + Scranton, Pa. 








“Is your secondary 
plasticizer going up 
the stack?” 


Compare 


Chlorowax 


for low volatility 


Outstandingly low volatility is one of the most important 
benefits Chlorowax 40 can bring to your vinyl 
compounds. Other secondary plasticizers may go 

“up the stack’’— but this versatile chlorinated paraffin 
produces unsurpassed “permanence” in flexible 

vinyl plastic . . . gives consistently more uniform 
physical characteristics before and after aging. 
Compare the volatility of Chlorowax 40 with other 


materials used as secondary plasticizers. 





P Loss in Grams per Sq. Cm. 
Matertate per Hour at 212°F. 


Chlorowax LV | .00004 
Chlorowax 40 .00002 
Chlorowax 50 000015 
DOP .00002 
Secondary #1 .00600 
Secondary #2 -01200 
Secondary #3 .000270 
Secondary .00300 
Secondary .01030 











Other Chlorowax advantages are flame retardance, 
water repellence and chemical resistance. Use DIAMOND 
Chlorowax 40 as a secondary vinyl plasticizer to 
improve product characteristics, to help speed 
processing and reduce costs. 

For information or technical co-operation, write 


DIAMOND ALKALI COMPANY, 300 Union Commerce 
Building, Cleveland 14, Ohio. 








©1957 


TEN bright colors for 


INDUSTRIAL FINISHES 
PLASTICS 


Exceptionally Heat Stable 
Excellent Permanence 


Exceedingly Easy to Disperse 





SAMPLES 2» ORANGE Wy - 
and COLOR FOLDER showing . oes 
full range of Yellows and Reds, 

CP and Lithopone will be 
gladly furnished on request 


The Harshaw Chemical Co. 
Cleveland 6, Ohio 


Chicago + Cincinnati + Cleveland + Detroit +* Hastings-On-Hudson * Houston «+ LosAngeles * Philadelphia «+ Pittshurgh 
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a series of phthalocyanine blues 
and greens for coloring plastics 
—of exceptional brilliance, tinc- 
torial strength, fastness to light 
and chemical stability. 

Our technical service represen. 
tatives are available to help 
you with your plastics coloring 
problems. 


general dyestuff co. 


A SALES DIVISION OF 
GENERAL ANILINE & FILM CORPORATION 


435 HUDSON STREET, NEW YORK 14,N.Y. & 


SALES OFFICES: New York + Providence + Philade 

phia + Charlotte, N.C. + Chattanooga + Chicaw 

/ Portiand, Ore. + San Francisco + Los Angeles + IN 

hy CANADA: Chemical Developments of Canada, Limited 
‘ Montreal 





oom ttiill! 


FINGERS. .. to pay a premium 


for compounded thermoplastics... 


AND CHEMICAL COMPANY, INC. 


when you can use PMS Dry / DRY COLORANTS 
Colorants: obtain perfect color 35 ” 


| . PLASTICS 

results with any thermoplastic, e 

end inventory problems CADMIUM YELLOWS 

CADMIUM RED TONERS 
MERCURY REDS 

PHTHALOCYANINE BLUE 


PLASTIC MOLDERS ~/ | PHTHALOCYANINE GREEN 
SUPPLY CO., ING.“ 2 \ a ORGANIC REDS 


74 South Ave. ~~ J : CHROMATES 


Fanwood, New Jersey 
PLainfield 5-5555 
SANDUSKY, OHIO, Plant 
1730 Columbus Ave. WORCESTER, MASS., Office Gress and Agents in Cindipat Cities 
Phone MAin 5-2415 Phone PLeasant 5-1088 a Vain Office and Plant 
CHICAGO WAREHOUSE and SALES OFFICE : LOUISVILLE 12, KENTUCKY 
Phone SHelldrake 3-1119 OR 





LIKE PROOF? Write for full de- 


tails, prices and information, 


Color Matching Service 




































Your Complete 
Source of Supply 


The Plastics Industry is now served with organic 
peroxides and viny] stabilizers—from a single, qual- 
ified source. Nuodex is famous for “uniformity- 
certified” Nuostabes—backed by extensive research 
and service facilities. Equal facilities are yours 
with the Nuodex line of peroxides. 


We invite you to call on our Technical Service 
Laboratory for help in specifying the exact stabil- 
izer or catalyst for your requirements. Write for 
our catalogs and free samples. 


The multi-plant facilities of the Corporation are 
behind each Nuodex Product. Among those prod- 
ucts of interest to you—in addition to the stabilizers 
and peroxides. here listed—are a complete line of 
Stearates. 





BENZOYL PEROXIDE 





SILICONE CATALYST NO. 1 


50% Benzoyl Peroxide 
with Silicone Oil 


OXIDIZING MATERIAL NOS 


B. P. PASTE 
50% Benzoyl Peroxide 
with Tricresyl Phosphate 


TECHNICAL LAUROYL PEROXIDE 


M. E. K. PEROXIDE 
60% Methyl Ethyl Ketone Peroxide 
in Dimethyl Phthalate 


HYDROPEROXIDES 


SILICONE CATALYST NO. 2 
50% Benzoyl Peroxide 
with Silicone Fluid 


DIBASIC LEAD STEARATE V-1 
LEAD STEARATE V-2 
BARIUM RICINOLEATE V-10 

BARIUM ZINC COMPLEX V-12 








BARIUM ZINC COMPLEX V-14 
CADMIUM LAURATE V-20 
CADMIUM V-21 

CADMIUM COMPLEX V-122 
BACAD LAURATE V-130 


BACAD (CO-PRECIPITATED) V-131 


BARIUM CADMIUM COMPLEX V-132 
BARIUM CADMIUM COMPLEX V-133 


CHELATOR V-40 

CHELATOR V-141 

CHELATOR V-142 

ZINC V-50 

ZINC COMPLEX V-152 
CALCIUM STEARATE V-60 
STRONTIUM STEARATE V-70 
STRONTIUM ZINC LAURATE V-171 
ORGANO.-TIN V-82 
ORGANO-TIN V-183 

EPOXY V-205 

VINYL FUNGICIDE 100-VT 





ADDITIVES .. 
s/P CHEMICALS 


NUODEX PRODUCTS COMPANY « ELIZABETH, NEW JERSEY 
A DIVISION OF HEYDEN NEWPORT CHEMICAL CORPORATION 
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From Du Pont Electrochemicals Department... 


Chemicals and Services 





Svsaiadaal 
oe" 


FORMALDEHYDE 


: Boles Plastics manufacturers can depend on 


Sy 


‘ re Du Pont formaldehyde as a consistently 
» fine raw material. It’s produced under con- 
trolled conditions that assure uniformity 
and high quality in every shipment. 

You can depend on Du Pont as a con- 
stant source of supply for your formalde- 
hyde requirements. Du Pont plants are 
strategically located to deliver tank-car 
and tank-truck shipments on time, every 
time. 

Here’s another important advantage. 
You get a wide choice of strengths: 


eTRAHYDROFURAN 


The powerful solvent action of Du Pont 
tetrahydrofuran quickly dissolves high 
molecular weight PVC resins—at room 
temperature! Result: these usually hard- 
to-dissolve vinyl polymers can now be 
easily used as “solution resins” to pro- 
duce improved top coatings for supported 
fabrics and plastic sheeting—and more 
durable protective coatings. 

| Clear films are readily cast from solu- 


METHYLENE CHLORIDE 


Methylene chloride is an outstanding sol- 
vent for cellulose triacetate, cellulose ace- 
tobutyrate, ethyl cellulose and other cel- 
lulosic compounds. Solvation occurs be- 





tween the acetyl celluloses and methylene 
chloride, the solvent bonding being at- 
tributed to the hydrogen-linking of the 
solvent to the acetyl groups. 

The high solvent power of methylene 


50% (by weight) Formaldehyde L.M. 
45% (by weight) Formaldehyde L.M. 
37% (by weight) Formaldehyde L.M. 


37% (by weight) Formaldehyde 
U. S. Pharmacopoeia 


Other high-quality Du Pont formalde- 
hyde chemicals now available: 


Paraformaldehyde 95% (minimum strength), 
powder or granular 


Hexamethylenetetramine Tech., powder or 
granular 


Hexamethylenetetramine Tech. FF (with anti- 
caking agent), powder or granular 


tions of polyvinyl chloride in tetrahydro- 
furan. Solvent cast films possess greater 
clarity, uniformity, strength and imper- 
meability to moisture and gases than cal- 
endered or organosol films. You get in- 
creased casting and coating machine speeds 
due to the high-solids content attainable 
with tetrahydrofuran, its low boiling point 
and its high rate of diffusion through 
PVC resins. 


chloride is useful in casting high-acetyl 
cellulose acetate in films and other shapes. 
This is done from its solution in methylene 
chloride with alcohol and tri-phenyl phos- 
phate or other suitable plasticizer. Methyl- 
ene chloride’s strong solvent action also 
serves in producing adhesives, coating 
compositions and many other profitable 
specialty products. 


fc 


0 
Du 
thi 


The L 
partm 
tional 
factur 
CHLO 

aceti 


ELVA‘ 
EML 
ing; 
leur 


silice 


SILVE 
circu 


SODIL 
man 





for Better Plastic Products 


Other high-quality 
Du Pont products for 
the plastics industry 


The Du Pont Electrochemicals De- 
partment has a wide range of addi- 
tional chemicals useful in the manu- 
facture of fine plastics: 


CHLOROFORM— Solvent for cellulose 
acetate (used in film coatings). 


ELVACET® POLYVINYL ACETATE 
EMULSION— Binder; protective coat- 
ing; asphalt-proof base coat for lino- 
leums. 


ELVANOL® POLYVINYL ALCOHOL 
—Binder; protective coating; emulsi- 
fying agent; thermosetting resin modi- 
fier; thickener for latices. 


HYDROGEN PEROXIDE — Polymeri- 
zation catalyst; oxidizing and bleach- 


ing. 
5 


METHYL CHLORIDE—Synthesis of 
silicones, 


SILVER PREPARATIONS — Printed 
circuits, 


SODIUM CYANIDE 96% — Used in 
manufacture of acrylic resins, 


SODIUM PERBORATE TETRAHY- 
DRATE—Polymerization catalyst. 


SODIUM PEROXIDE—Polymerization 
catalyst. 


TRICHLORETHYLENE — Solvent for 
silicone resins; used in manufacture 
of polyvinyl-acetate glues. 








REG. Uy. 5. PAT. OFF. 


BETTER THINGS FOR BETTER LIVING 
THROUGH CHEMISTRY 








Du Pont’s new Sales Technical Laboratory houses equipment for product demonstration and cus- 
tomer service. New product applications and processes are researched here. 


Technical Service from Du Pont 
for Plastics Manufacturers 


The Electrochemicals Department's 
new Sales Technical Laboratory in- 
cludes extensive facilities for the de- 
velopment of new product applica- 
tions and processes involving chlo- 
rine, vinyls, sodium and peroxygen 


know-how of your Du Pont technical 
representative. Industrial production 
problems can be studied in plant scale 
equipment under the supervision of 
specialists. 

Your DuPont representative is avail- 


products. Another important phase 
of work at this recently completed in- 
Stallation is equipment for product 
demonstration and customer service. 

These facilities are now providing 
extra support for the experience and 


able for help whenever you need it. 
And if you have any major produc- 
tion problems, he'll be glad to discuss 
them with you. Ask him today for 
more information about Du Pont 
products for the plastics industry. 


FREE LITERATURE AVAILABLE... 


There’s a wide range of booklets and bulletins available from the Du Pont Electro- 
chemicals Department without obligation. Included in this free material is literature 
on methylene chloride, tetrahydrofuran, polyvinyl acetate emulsion and polyvinyl 
alcohol, trichlorethylene, hydrogen peroxide and chibroform, plus new booklets on 
formaldehyde and chlorinated hydrocarbons (trichlorethylene, perchlorethylene, 
methylene chloride and chloroform). For any of this material, and for more informa- 
tion on those Du Pont chemicals that may fit into your operation, contact your near- 
est district office or write Du Pont at the address below. Be sure to mention the 
product and end use of specific interest to you. 


— | 





ELECTROCHEMICALS DEPARTMENT 


E.1.DU PONT DE NEMOURS 4 CO. (INC.) 


DISTRICT AND SALES OFFICES: 
BALTIMORE * BOSTON * CHARLOTTE 
CH ¢aco * CINCINNATI * CLEVELAND 
DETROIT* KANSAS CITY**LOS ANGELES 





NEW YORK * PHILA. * SAN FRANCISCO 
EXP@RT DIVISION. DU PONT BLDG 
WILMINGTON 96. DEL 


Wilmington 98, Delaware *Rarada & Page, Inc 
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QUALITY 
DISPERSIONS 
make 

QUALITY 


ACHESON Dispersed Pigments Company 
1421 Chestnut Street, Philadelphia 2, Pa. 


A Unit of Acheson Industries, Inc. Plants at Orange, Tex., Philadelphia, Pa., Xenia, 0 


West Coast Distributor: B. E. Dougherty Company, Los Angeles 21, California 


in Europe: Acheson Industries (Europe), Ltd., 18 Pall Mall, London S.W. 1, England 





GRANULATED DISPERSED 
PIGMENT CONCENTRATES 


-olyethylene 


(b) Polystyrene 


Gole)damma-s40 it~] are! 


(c)- Polyvinyl Ch 


rOlyvifly 


ose Acetate 
Cellulose Acetate Butyrate 


Ethy! Cellulose 


PASTE DISPERSED 
PIGMENT CONCENTRATES 


POLYESTER DISPERSED 
PIGMENT CONCENTRATES 


VINYL INK 
PIGMENT CONCENTRATES 


VINYL 
PRINTING INKS 


POLYETHYLENE 
PRINTING INKS 


MYLAR 
PRINTING INKS 


COMPOUNDING 


types 














COD) 





The role 


raw materials play 


in plasticizer buying 


By Dr. F. A. Cassis 
Group Leader-Technical Service 
Amoco Chemicals Corporation * Chicago 80, Illinois 








The ever increasing number of 
applications for plasticized 
polyvinyl chloride resins today 
is placing unusual demands on 
the formulators of vinyl plas- 
tics. The normal use of vinyl 
articles requires good mechan- 
ical strength at normal and low 
temperatures, but with many new applications such 
criteria as resistance to high temperatures, soapy 
water, oils and greases, and other solids must be 
considered. 





To provide vinyl resins with good mechanical prop- 
erties and adequate resistance to deterioration under 
the wide variety of service conditions, formulators 
are turning to didecyl phthalate, the phthalate ester 
made from an oxo decy] alcohol. 


DDP made from oxo decyl alcohol is a preferred 
plasticizer for PVC resins with low volatility and 
excellent low temperature and permanence prop- 
erties. Of even more importance, these outstanding 
properties are combined with low compound cost. 
Most vinyl articles are sold by volume rather than 
by weight. The low density and high equivalent 
modulus concentration of DDP plasticizer results in 
low compound-volume costs. 


Typical results obtained in a comparison of DDP 
with DOP by standard procedures are shown below. 


DOP DDP 





Specific Gravity, 20/20°C 0.986 0.965 

Equivalent Modulus 
Concentration, Phr 

Tensile Strength, psi 


50.26 + 0.15 | 53.74 + 0.24 
2859 + 16 2688 + 16 


Brittle Temperature, °C —28.1+0.4 |—29.4+0.9 
Flex Temperature, °C —218+09 |—238 +08 
Volatile Loss, wt. % 0.68 + 0.03 0.36 + 0.05 
Soapy Water Extraction, wt.%| 0.91 + 0.002; 0.12 + 0.06 


Mineral-Oil Extraction, wt. % 3.37 + 0.04 4.83 + 0.33 








Didecyl Phthalate, as shown, gives improved low 
temperature properties, and excels in resistance to 
high temperatures and soapy water, while giving 
significantly lower pound-volume costs. DDP is the 
least volatile of all commercially available phthalate 
plasticizers. 


Because of its superior permanence properties, DDP 
is particularly suitable for vinyl compounds used in 
electrical insulation. In addition to this application, 
plastisols made with DDP exhibit low initial viscos- 
ity and important viscosity stability during storage. 


Formulators will obtain the best possible phthalate 
plasticizers when they specify those made from 
Amoco Decyl Alcohol. This alcohol is the finest al- 
cohol available for the manufacture of higher alkyl 
phthalates. 


Amoco Decyl Alcohol is made from purified no- 
nenes, and the alcohol is fractionated to rigid specifi- 
cations. Before it is shipped to a plasticizer manufac- 
turer, quality is triple-checked by: 


1. High temperature este 
nt 


inhydride 


All of these precautions insure the formulator that 
DDP made from Amoco Decyl Alcohol will be low 
in color, and consistent in physical characteristics 
because of its high purity and uniform quality. 

Your request for further information about Amoco 
Decyl Alcohol will receive immediate attention. 


AMOCO CHEMICALS CORPORATION 
910 South Michigan Ave., Chicago 80, Illinois 
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for your vinyl formulations 


STABILIZERS 


Mark M 
Mark PL 
Mark XI 
Mark XX 
Mark XV 
Mark TT 
Mark E 
Mark X 
Mark WS 
Mark C 


pas wes complex heat stability 
light stability 
freedom from roll plating 





eeedesceee 


Zinc complex 





Borium-Cadmium laurate 





protection from sulphur staining 


Organic chelater retention of physical properties 





Codmium complex clarity 


good embossing 
heat sealing 





Borium-Cadmium soap 





Strontium Zinc laurate 





printability 


Alkyl Tin mercaptide freedom from copper staining 





Barium-Cadmium complex | viscosity stability 





Organic chelater good impact strength 


eeeccdeces eecceceed seeebesedeoss eeee 


PLASTICIZERS 


$ low temperature flexibility 
Drapex 3.2: Octyl epoxy stearate 


resistance to soap & water extraction 





Drapex 4A: Gian vars cose outstanding heat & light aging 


= low volatility « low viscosity 
Drapex ad High fat polyester pant ae aa tolled 





Whatever your vinyl formulation needs, 


Argus has the answers— 


eeeeeeeeeeeeeeeeeeeeeeeeeee 


either in our line products or our research laboratory. 


Write for technical bulletins and samples. 


a) aed 
ARGUS CHEMICAL. 


CORPORATION New York and Cleveland 
Main Office: 633 Court Street, Brooklyn 31, N.Y. Branch: Frederick Building, Cleveland 15, Ohio 


Rep's.: H. M. Royal, Inc., 4814 Loma Vista Ave., Los Angeles; Philipp Bros. Chemicals, Inc., 10 High St., Boston; H. L. Blachford, Ltd., 977 Aqueduct St., Montreal 
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Goodall 





esa 


The finest vinyls are made with 


PLASTOLEIN® PLASTICIZERS 


Plastolein 9050 DHZ Plastolein 9250 THFO 
Plastolein 9058 DOZ Plastolein 9404 TGP 
Plastolein 9078 LT Plastolein 9720 Polymeric 


New York * Philadelphia * Chicago * Lowell, Mass. * Cleveland 





f 
.¢ Organic Chemical West Coast: Vopcolene Division, 5568 E. 61st St., Los Angeles 22, California 
t In Canada: Emery Industries (Canada) Ltd., 639 Nelson St.. Londen. Ontar 
Sales Department : ai 
( ° Export Department: Carew Tower, Cincinnati 2, Oh 
Warehouse stocks also in Baltimore, Buffalo, St. Louis, and San Francisco 


Emery Industries, Inc., Carew Tower, Cincinnati 2, Ohio 
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we can serve you better 
because we have 
more to serve you with! 








This fact should be important to you in choosing your No. 1 


resin-chemical supplier: 


National produces a greater volume of a longer line of dibasic 
acids and anhydrides; cycloaliphatic solvents and diisocyanates 
than any other supplier of resin chemicals! Multi-plant produc- 
tion assures continuity of supply. 


Get our specifications, technical data, price and current de- 


livery quotation on the products listed here. 


Integrated production in volume and vari- 
” ety to meet the foreseeable requirements 
N A Cc C 0 N AT E —Diisoc yanates of urethane producers. Technical Bulletin 
1-17, with supplements A to F and product 
data sheets are available. 





NACCONATE 65 NACCONATE 80 

Isomeric mixture of approximately 65% Isomeric mixture of approximately 80% 
of 2,4-tolylene diisocyanate and 35% of _ of 2,4-tolylene diisocyanate and 20% of 
2,6-tolylene diisocyanate 2,6-tolylene diisocyanate 

NACCONATE 100 NACCONATE 300 


2,4-tolylene diisocyanate Diphenylmethane 4,4’-diisocyanate (MD!) 




















Hexah 
Meta- 
Nadic’ 


*Tr ade 





QR RESIN CHEY 





Tablets, Rods 
or Molten 


MALEIC ANHYDRIDE 


Molten 
and Flakes 


PHTHALIC ANHYDRID 


NADONE —cyclohexanone 


ADIPIC ACID 


NAXOL -Cyclohexanol 


SAMPLES AND DATA ALSO AVAILABLE ON: 


ANILINE 
Hexahydro Phthalic Anhydride © Tetrahydro Phthalic Anhydride 
Meta-Phenylenediamine * Succinic Acid * Succinic Anhydride 
Nadic® Anhydride * Malic Acid * Dodecenylsuccinic Anhydride 


plus a comprehensive line of 


NATIONAL PLASTIC AND RESIN COLORANTS 


“Trademark of Allied Chemical Corporation 


ICALS 


National Maleic Anhydride Tablets set the standard for the 
industry. Uniform, easier to handle, quick-dissolving, essen- 
tially non-dusting with fewer fines. Comprehensive 58-page 
Technical Manual on Maleic Anhydride available. 


Quality unequalled anywhere! 99.6% pure and free-flow- 
ing. Absence of color makes it extremely desirable for resins 
and plasticizers. 


Mixed car and truckloads offered with Maleic Anhydride, 
Adipic and Fumaric Acid. 


Fully integrated production. Minimum purity 99.7%. Makes 
high-quality, light-colored resins. Technical Bulletin 1-19 is 
available on request. 


National Adipic Acid analyzes at least 99.8% of purity and 
is light in color, low in iron. Ask for Technical Bulletin |-12R. 


Two types immediately available: NAXOL (100% material) 
and NAXOL D (freezing point depressed). Write for Tech- 
nical Bulletin 1-20. 


as! oo 


r peeks, 
| get eee 
NATIONAL ANILINE (9 

DIVISION ed 
40 Rector Street, New York 6, N. Y. 


Akron, Ohio, First Federal Savings Bidg. Blockstone 3-9324 Los Angeles 22, Colif. 6510 Bandini Bivd. RAymond 3.4605 
AtlentalB, Go., 1151 Chattahoochee Ave., N.W. SYcamore 9-5332 New Orleans 12, La, Amer. Bonk Bldg. JAckson 5.7278 
Boston 14, Mass., 150 Couseway St Capitol 7.0490 — Philadelphia 6, Po., 200-2045 Front St. WAlnut 5.6382 
Charlotte 1, W.C., 201-203 West First St EDison 3-9221 Portiand 9, Ore. 730 West Burnside St CApital 3-1853 
Chattanooga 2, Tenn., James Bidg AMherst 6-6347 Providence 3, 8.1. 15 Westminster St DExter 1.3008 
Chicago 54, II1., The Merchandise Mart Michigan 2-1800 San Francisco 4, Calif., 235 Montgomery S!. YUkon 2.6840 
Greensboro, N.C., Jefferson Stand. Bidg BRoodway 2-2518 Toronte 14, Con., 100 North Queen St. BEimont 2-117) 
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improve plastics products give maximum jetness and 
and processes | protection against weathering 
at low cost, in all types of plastics... 


























Wollastonite q 
A unique mineral filler for “: or Ta ole) F-{ o- a 


polyester molding compounds; can be ‘ Maximum jetness in polyvinyls and 
used at high concentrations without 4 nitrocellulose systems 
exceeding a practical working viscosity. 
It imparts to the compound 


percept Supercarbovar 
GOOD WHITE COLOR t Excellent pigment for obtaining jet 
; blackness in polyvinyl chlorides and 
HIGH DIELECTRIC STRENGTH similar type materials 
HIGH IMPACT STRENGTH WHERE NEEDED 


vi felat-igcis mera 
) * 
= 50 é =] Fed Od -t- la tera 
Cab-o-sil | , | 
y Recommended where increased biackness 
A different silica with 4 is required. Slightly higher 
superior properties; prepared in a r, in cost than Monarch 74. 


hot gaseous environment and not by the 
usual aqueous precipitation process. 


Surprisingly small quantities ; i felat-lagcias ra} 
are required to effect startling a ® * 
ecniaaiginte ainaine. = Black Pearls 74 
Now being used as a a Standard color for use in polyethylene. 
THICKENING AND GELLING AGENT cS 4 Offers apap agains? weather and 
THIXOTROPIC AGENT me ultraviolet degradation 
EMULSION STABILIZER <a a 
TRANSPARENT EXTENDER 7 ‘pi folat-lagciame-b 


ANTI-BLOCKING AGENT 4 =) Peled a —.-*-la tm ie 


Maximum jetness at low cost 











Write for bulletins, technical information, v * Pelleted Form 





Minerals & Chemicals Division , , Special Blacks Binetnr 
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GODFREY L. CAB 


77 FRANKLIN STREET, BOSTON 10, WN 
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MASTER 
THE 
TOUGHEST 
COLOR 
PROBLEMS: 


FOR POLYETHYLENE AND VINYL 


Creativity... uniformity...quality— you'll find them at their peak in Master Color color concentrates...in 
a range of colors so imaginative and complete it puts a rainbow to shame. Creativity that produces 
any color you may desire. Uniformity that assures you of perfect disper- 

sion and exact color control, run after run. Quality contro/ that makes 


certain your products will have the truest colors of them all. pyab-t=pd-ha 


COLOR CONCENTRATES 


Our technical sales force is available and at your service wherever you are. 


AMERICAN MOLDING POWDER AND CHEMICAL COR TION 


703 BEDFORD AVENUE, BROOKLYN 6, NEW YORK 


Write for Specifications and Details and for Price List / Phone: MAin 5-7450 / Cable: CHEMPROD_ BROOKLYN 








LUCIDOL’ ORGANIC PEROXIDES 


CATALYSTS FOR POLYVINYLS, POLYESTERS AND POLYOLEFINS 


Outst 
Because of a long term progressive program of research LUCIDOL DIVISION offers you a wide variety of sol 


and development on organic peroxides, and their com- peroxides to meet your catalyst needs. wide 
pounds, LUCIDOL products are outstanding in quality Consult us if you have a question concerning peroxides The 


and uniformity. Our technical staff will be glad to assist you in solving ix Plasti 
esters 








PRODUCT PEROXIDE 
ASSAY 





LUCIDOL Benzoy! Peroxide Fine 96% Catalyst for viny! type monomers ond poly 
Gronular esters at intermediate and low temperatures Dibenzy 


Sebacat 
LUPERCO ATC Benzoy! Peroxide Thick » Catalyst for polyester resins at intermediate os 

with tricresy!l phosphate Paste and low temperatures Dibutyl 
Sebacat 











UPERCO”" COB 2,4 Dichlorobenzoy! Peroxide Thick Catalyst for vinyl type monomers and — 
with dibuty! phthalate Paste polyester resins Dihexyl 
Sebacat 





ALPEROX" C_ Lauwroy! Peroxide Soft %o Catalyst for vinyl type monomers 
Granular and olefins Diisooct 
Sebacat 





ACETYL PEROXIDE 25 SOLUTION Liquid "fo A liquid, highly reactive, low molecular 


n dimethy! phthalate weight, aliphatic polymerization catalyst Dimethy 
Sebacat 





LUPERSOIL MMO Capryly! Peroxide Liquid , Catalyst for viny! type monomers where , 
in mineral oil mineral oil is the preferred diluent Dioctyl 


Sebacati 





HYOROXYHEPTYL PEROXIDE Fine Catalyst for intermediate and low 


Dicapry! 
Phthalat 


Powder temperature curing of polyester resins 





Dihexyl 
Phthalat 


LUPERCO”™ JDB-50-T Cyclohexanone Peroxides Thick Catalyst for vinyl type monomers and for 


with dibuty! phthalate Paste room temperature curing of polyester resins 





LUPEROX >» Ketone Peroxide +6 Catalyst for fast room temperature curing Diisodec 
e 


Phthalat 


of polyester resins 





LUPERSOL® DDM Methy! Ethy! Ketone Peroxide ’ Catalyst for room temperature curing of Diocty! 
Phthalat 


in dimethy! phthalate polyester resins 





lsooctyle 
» benzene olefins Phthalat 


LUPERSOL t-Buty! Peracetate 9 Catalyst for vinyl type monomers and 





Dicapryl 
Adipate 


oxyisobutyrate i Catalyst for vinyl type monomers and 


olefins 





r 


Diperphthalats iquid Catalyst for intermediate and low Dioctyl 
phthalate temperature curing of polyester resins Adipate 





a 
+-BUTYL PERBENZOATE iquid > Catalyst for vinyl! type monomers and for 


, RH 
high temperature curing of polyester resins arfle 





a 
High temperature catalyst for silicone resins RHarfle 
styrenation of alkyds and epoxy resins 





———— 


2,5-Dimethylhexane . High temperature catalyst for polyester RHarfle 
2,5-Dihydroperoxide premix compounds and silicone resins 





a 
t-BUTYL HYDROPEROXIDE-70 y Catalyst for viny! type monomers and RHarfle 
polyester resins 


-£) LUCIDOL DIVISION | 

















1740 MILITARY ROAD, BUFFALO 5, NEW YORK 
IN CANADA: W. C. HARDESTY CO. OF CANADA, LTD., TORONTO 








come’ oHARFLEX® PLASTICIZERS 


FOR VINYL RESINS, SYNTHETIC RUBBERS, CELLULOSE ESTERS 


Outstanding for low temperature flexibility, low vis- 








BETTER PLrasrics 


Harchem has developed many plasticizers with special 































































































cosity, low heat loss, and maintenance of flexibility over merits which enable you to select the product best suited 
y; y y I 
wide temperature ranges. to your needs. 
The Sates Division offers you a wide oo of Consult us if you have a plasticizer problem. Our tech- 
Plasticizers which keep your product young. Sebacate nical staff will be glad to assist you in solving it. 
esters are particularly good on weathering and ageing. : 
al Boiling Specific | Viscosity , 
Plasticizer Point Gravity Centistokes m oe 
Degrees C. 20° /20°C 10°F, " Chavacterteies 
Low Temp. Flexibility, 
Dibenzyl 265°C 1.055* 13.0 Vinyl Resins, ix Gaaien tone 
Sebacate @ 4mm Rubbers nence, Good Electricals 
Dibutyl 180°C 0.936 6.1 Vinyls, Rubbers, Low Temp. Flexibility, 
Sebacate @ 3mm Cellulose Esters ee 
Dihexyl 184°C 0.911 9.2 Vinyl Resins, Low Temp. Flexibility 
Sebacate @ Imm Rubbers 
Diisooctyl 248-255°C 0.917 15.5 Vinyl Resins Low Temp. Flexibility, 
Sebacate @ 4mm Low Volatility 
, High Sol d 
Dimethyl 294°C 0.986* 3.6 Cellulose Esters, ~  ojgaaaiaga 
thenate @ 760mm Rubbers Wide Compatibility 
Diocty! 248°C 0.916 12.7 Vinyl Resins Low Temp. Flexibility, 
Sebacate @ 4mm Low Volatility 
; Highly C tible, L 
Dicapry! 222-230°C 0.972 28.8 Vinyl Resins, a 
Rees @ 4mm Rubbers Viscosity and Stability 
Dihexyl 210°C 0.995 28.8 Vinyl Resins Highly Compatible, 
Phthalate @ 5mm Good Flexibility 
Diisodecyl 250-257 0.966 43 Vinyl Resins Low Volatility, 
Phthalate @ 4mm Good Electricals 
Dioctyl 225-235°C 0.985 29.7 Vinyl Resins, Highly Compatible, 
Phthalate @ 4mm Rubbers Good Flexibility 
a pee | om re Ln ry 
Phthalate @ 4mm Rubbers Electricals 
Dicapryl 211-217°C 0.915 8.3 Vinyl Resins, Low Temp. Flexibility, 
Adipate @ 4mm Rubbers Low Cost 
Diecty! 213°C 0.927 8.2 Vinyl Resins, Low Temp. Flexibility 
Adipate @ 4mm Rubbers 
. ‘ Non-migratory, 
AHarflex 300 1.098 1100 Vinyl Resins Fast Processing, 
Low Temp. Flexibility 
RHarflex 325 1.104 1960 Vinyl! Resins Non-migratory, 
Permanence 
RHarflex 375 1.0528+.005 45000 Vinyl! Resins Extreme Permanence 
RHarflex 500 230-240°C 0.933 9.9 Vinyl Resins righ bony Stability, 
@ 4am Low Temp. Flexibility 
* 30°/20°C 
SS C*THE KEY TO 
= HARCHEM DIVISION 
CURES FO ——— 
APRYL ALCOHOL >= WALLACE & TIERNAN, INC. 
Se BETTER PLASTICS 25 MAIN STREET. BELLEVILLE 9. NEW JERSEY 
SEBA 
Ce AC ———— IN CANADA: W. C. HARDESTY CO. OF CANADA, LTD., TORONTO 
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EXTRUSIONS 


FILMS AND 
SHEETINGS 


oO 


PLASTISOLS 


FLOOR COVERINGS 


ELASTEX’ PLASTICIZERS...a complete line of quality 
plasticizers for vinyls, nitrocellulose and cellulose acetate 


“ELASTEX” DCHP Plasticizer — for heat-seal- 
ing cellophane. A processing aid for vinyls. 
*ELASTEX’’ 10-P Plasticizer (DIOP) — Rec- 
ognized primary plasticizer. 

*“ELASTEX”’ 18-P Piasticizer — for retention of 
properties after heat aging. 

*“ELASTEX’’ 20-A Plasticizer — imparts low 
volatility to low temperature formulations. 


*“ELASTEX’’ 28-P Plasticizer (DOP)—Best- 
known general purpose vinyl plasticizer. 


*Avallable in tonk cors and tank trucks 


PLASTICS AND 


Excellent gen- 
eral purpose 
plasticizers 
for special 
economy. 
*“ELASTEX”’ 50-B® Piasticizer — High solvat- 
ing plasticizer imparting oil and water resistance. 


*“ELASTEX” 60-A Plasticizer (Diocty! Adi- 
pate)—for low temperature applications. 


*“ELASTEX” 80-P Plasticizer (Dicapry! 


*“ELASTEX”’ 40-P Plasticizer 
*“ELASTEX”’ 48-P Pilasticizer 


COAL CHEMICALS DIVISION 


COATED 
FABRICS 


Phthalate) — for plastisols of lower viscosity and 
better viscosity stability. 

*“ELASTEX” 90-P Plasticizer (DIDP) — low 
volatility—upgrades aging characteristics. 


Dibuty! Phthalate —one of the best known 
plasticizers for nitrocellulose. 


Dimethy! Phthalate — for cellulose acetate film, 


sheeting and molding powders. 


Plasticizer 136 — Low cost, secondary plas 
ticizer. 


Hite 


(Formerly part of Barrett Division) 


hemical 


40 Rector Street, New York 6, N.Y. 
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-KOSMOS BB- 


A very fine particle size 


channel process carbon 


. 

+ 

7 

* 

black, designed to impart e 
* 


the highest degree of 
e resistance to weathering. ad 
. 
. . 
° * 


UNITED CARBON COMPANY, INC. 
CHARLESTON 27, WEST VIRGINIA 


NEW YORK AKRON 
BOSTON LOS ANGELES 


CHICAGO 
MEMPHIS 














UVINUL. 


Permanently Prevent Deterioration and Discoloration caused by 
Ultraviolet Light 


Versatile Uvinul absorbers and stabilizers have many 
profitable applications to the plastics industry. They 
can be incorporated into solid plastics and protective 
coatings to permanently prevent deterioration and 
discoloration caused by ultraviolet radiation. They are 
also effective as stabilizers for organic liquids and 
aqueous solutions. 





The Uvinul stabilizers offer a full range of 
compatibilities and ultraviolet protection per- 
mitting users to select the product best suited 
for their needs. Write today for more detailed 
information. 


ANTARA 








om, Research, to Reality 


ANTARA. CHEMICALS 


A SALES DIVISION OF 
GENERAL ANILINE & FILM CORPORATION 


35 HUDSON STREET+ NEW YORK 14, NEW YORK 
SAL’ S OFFICES: New York . Providense * Philadelphia + Charlotte + Chattanooga 
Chicago + Portland, Ore. + San Frane os Angeles. IN CANADA: Chemical Develop- 
ments of A, “ita Montreal 














acromer 


makes any plastic 
look better...sell better 


The visual impression your product makes 
is half the sale! And, Nacromer, the syn- 
thetic pearl concentrate, will give your 


Sy Product the appeal that increases sales. 
Here’s how: 


POLYETHYLENE 
Nacromer completely overcomes the waxy, dull 
finish of polyethylene, providing a high gloss 
and transparency impossible to achieve any 
other way. 


POLYSTYRENE 


Nacromer endows, this plastic with unequalled 
richness by creating a high pearly lustre of 
exceptional depth. 


VINYL 


Incorporated into this resin, Nacromer gives 
a smooth pearlized finish. Coated on embossed 
patterns, Nacromer adds sparkle. 


ACRYLICS 


Nacromer lends itself to pearlized patterns, 
swirls, and other unique effects in cast sheets 
and rods. In molded acrylics, it adds a distinc- 
tive pearly lustre. 


ACETATE, CASEIN 


Nacromer makes any plastic look better. 


Compounded directly into the plastic, 
or applied as a surface coating, 
Nacromer adds eye-appeal. See the 
difference it can make in your product. 
Write today for complete details... 
please mention the plastic used. 














Mig ie 


meets the specific requirements of VINYL STABILIZERS 


4 


CALENDERING — Freedom from color drift 
in the “touchy” job, such as very thin gauge film. 


The 8C-100 SYSTEM provides... 

1. Control of color drift over extended periods. 
. Clarity. 
. HS stain resistance. 
- Long term heat and light stability. 


- Low viscosity and excellent air release 
in plastisols. 


downs, even with cross-head dies. 


PLASTISOLS — Excellent air release and vis: 


. 
> 
. 
EXTRUSION — Longer runs between shut- e« 
> 
. 
. 
cosity control .. . both initially and long term. ° 


ADVANCE ADVASTAB SC -100 jis an all-around performing barium-cadmium system 


When your product requires HS stain resistance, add Z-6 WW. If superb clarity is a 
requirement, include CH-300. 


Look to ADVANCE, foo, for ... EPOXY PLASTICIZERS . . . PLASTISOL VIS- 
COSITY DEPRESSANTS . .. M,N’-ETHYLENEBIS-STEARMIDES. . . . FLUOR- 
ESCING AGENTS AND WHITENERS... TETRAHYDROFURFURYL OLEATE, 


ADVANCE SOLVENTS & CHEMICAL + 5005 JERSEY AVE. - NEW BRUNSWICK, N. J. couplite socked dana 
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DIVISION OF 
CARLISLE 
CHEMICAL 
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Phthalates 
Adipates 
Sebacates 
Special Blends 


Glycol Esters 
Fatty Acid Esters 
Polyesters 


COMONOMERS 


Fumarates Maleates 








CHECK INSULAR PVC RESINS FOR USE IN: 


“Tailor-made” polymers for special applications! 


Write for data and samples 





































Dipping Casting 
Extruding Slush Molding 







RIGID PLASTISOLS 





Custom-made All Colors 






Quality POLYVINYL CHLORIDE resins 

in a complete range of molecular weights 
... heat and light stable, excellent 
blending characteristics, low “gel” count, 
clean and free of contamination! 


Electrical Insulation * Molded Products * Gaskets 
Records * Extrusions ¢ Flooring 
Coatings * Film and Sheeting 


Consult our fully equipped laboratory for the answer to your prob 


RUBBER CORPORATION OF AMERICA new south Road, Hicksville 7, N. 


Sales Offices: NEW YORK * AKRON *« CH 
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Industry Headquarters for 
HIGH FIDELITY PLASTIC COLORS 


polystyrene 
Recent developments in mold-making (i. e., pin-point 
gating), polystyrene in sized granules or pallets, 
new injection molders equipped to mix clear pepetns 
and color in the extruder, and new Ferro dry colors have 
all contributed to a quick, easy way for the polystyrene 
user to do his own coloring. 

Write for new booklet which explains how. Also avail- 
able, detailed sheets containing technical information 
on the use of Ferro colors with polystyrene. 


polyethylenes 


All types of aye lene resins— including high density 
—may now be easily dry colored with Ferro pigments. 
Ferro has developed a new venturi breaker plate which 
greatly improves dry color dispersion in these resins. 

By dry coloring polyethylenes in your plant, you can 
reduce your resin inventory, cut waste of material and 
lower your color costs. 

Ferro has developed colors to match P.S. P. standards, 
as well as a line of special houseware colors for 
these materials. 

Write for a new booklet which gives you all the facts 
on the new venturi breaker plate and for complete 
technical data on dry-coloring polyethylene resins with 
Ferro pigments. 


nylon 


A big difficulty in molding nylon is to find suitable 

colors that will stand up under the high temperatures 

uired. After five years’ research, Ferro has developed 

a line FR ge colors that is completely safe, workable 

e i 

Write for technical data sheets and new booklet which 

tell you how to use Ferro dry colors for nylon. A simple 
drum is the only equipment you need. 





polyesters 


Ferro colors are specially compounded for color- 
ing polyester resins. They have been approved by resin 
users as well as the manufacturers. 

A new booklet is now available to help you in poly- 
ester color work with Ferro paste colors. Write for it today. 


epoxies 
Ferro has just developed a new group of paste colors 


for use with epoxy resins for casting, laminating and 
; ing. These 


% pastes are concentra to give you max- 
um color strength per dollar. An epoxy resin is used as 
the liquid medium to solve problems of incompatibility. 


gelcoats 


Ferro has developed a new line of colored gelcoats for 
reinforced plastics. They give a smooth, opaque colored 
surface that will not absorb water and is resistant to 
abrasion and shattering. 

Ferro Gelcoats give maximum pigment concentration 
for full coverage with a thin ap tion. 

Technical data sheet and color chart give complete 
information. Write today for them. 


fluorine resins 


Fabricated at temperatures up to 700° F, fluorine resins 
Fay ge oh of high heat a, many applica- 

ns uire pigments containing a minimum 
of solua Its which react with the resin. 

Ferro has just developed a group of ‘‘Purified 
8 caapemal especially for fluorine resins. Write for new 
folder and color chart which describe these colors and 
their applications. 


WRITE ALSO FOR THESE BOOKLETS: 
Technique of Coloring Lucite and Plexiglas . . . Technique of Coloring Cellulose 
Acetate and Cellulose Acetate Butyrate . . . Technique of Coloring Vinyls 


FERRO INORGANIC BASE PIGMENTS 









it will pay you to specify 
colors by Ferro because... 


e Ferro pigments are finely ground mixtures 
of inorganic materials calcined from 1200° 
to 2300° F. They blend readily; are easy to 
work; have a low bulking value. 


e Ferro pigments are resistant to acids, 
alkalies, all weather conditions; are heat- 
and light-fast, and non-migrating. 


e Ferro maintains a color-matching service. 
Any desirable color can be ‘‘tailored’’ to the 
vehicle designated by the customer. 


e Ferro pigments are checked and then dou- 
ble checked under the customer’s production 
conditions. When Ferro pigments leave our 
plant, they’re ‘‘right’’—ready for use. 


write today for new combination Inorganic 
Color Chart and Data Sheet. Shows Ferro’s 
28 Base Colors with which almost any de- 
sired color match can be made, 


FERRO CORPORATION e Color Division 
4150 East 56th Street « Cleveland 5, Ohio 


5309 SOUTH DISTRICT BOULEVARD, LOS ANGELES 22, CALIFORNIA 
Foreign companies in ARGENTINA @ AUSTRALIA @ BRAZIL © CHILE @ ENGLAND @ FRANCE © HOLLAND @ HONG KONG @ JAPAN @ MEXICO ® SOUTH AFRICA 


. FERRO ENAMELS (CANADA) {TD., OAKVILLE, ONTARIO, CANADA 
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I here’s one way to be SURE 
Make your products with 
. . . . * « 
Pigments, Colloidal Dispersions aw Plasticizers |. 
COLUMBIAN CARBON BLACKS 
ACETA 
Auburn 
Carbon Blacks are indispensable elements of color in many plastics. Especially Barron, 
useful in plastics are: Neo Spectra® Mark II and Ill, Superba", No. 999 and oe 
Raven” 15. The degree of jetness obtained depends on the particle size of the Mole 
carbon and its degree of dispersion. In polyethylene pipe and cable sheathing Comme: 
carbon black protects from sun damage. Whatever your need, Columbian has Devie’ 
a carbon black to fit it. Eastmat 
lose I 
le ssall 
~ Nixo | 
COLUMBIAN COLLOIDAL DISPERSIONS = Scrantoy 
”: Corp. 
Souther 
Complete dispersion is a prerequisite of depth of color. Many manufacturers lransilv 
have found profitable satisfaction in using Columbian Colloidal Dispersions 
of carbon blacks. These complete dispersions in any vehicle give greatest ACRYL 
jetness and THEY ARE CLEAN to handle and use. They produce jet black Auburn 
plastics with ease; and predispersed color needs only mixing, no grinding. het 
Cast O; 
e Comme 
COLUMBIAN MAPICO’ IRON OXIDES Lom 
Scranto 
; P Transily 
A wide range of beautiful and notably uniform yellows, tans, reds, browns 
and black, these pure synthetic iron oxide pigments possess excellent alkali CELLU 
and acid stability, extreme light-fastness, and valuable ultra-violet screening BUTYR 
characteristics. Useful in vinyls, polyethylene, polystyrene, polyesters; for floor- Auburn 
ing, sheeting, coated textiles, toys, dolls, mats, footwear, insulation compounds —. 
and others. Mold 
Je ssall 
ey Nixon 
PLASTICIZERS  ° Southe 
Latest in plasticizing dependability, the new POLYMERIC type is outstanding CELL 
for easy processing and permanence. Use Harflex 300 or 325. The results will Nixon 
surprise you. Other Plasticizers — PHTHALATES, SEBACATES, ADIPATES — 
include the low-temperature, low-volatile, low-water-soluble DIOCTYL SEBA- ETHYI 
CATE and DICAPRYL PHTHALATE. ape 
olc 
Our Technical Service Department is always — 
ready to assist you. EQUIE 
Ring le 
C C V Roe le 
COLUMBIAN CARBON COMPANY §.... 
Cor " 
380 Madison Avenue, New York 17, N.Y. Com 
MARK 
Pierce 
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Film, Sheeting, and 


(Listings do not necessarily cover entire lines of advertisers nor 


ACETATE FILM & SHEETING 


ADVERTISERS’ INDEX 





EDITORIAL TEXT FOR THIS SECTION BEGINS ON PAGE 444 


METALLIZED FILM AND SHEETING 


Seiberling Rubber Company, 


Auburn Plastic Engineering ...... 462 Coating Products, Inc. .......... 459 Plastics Division ............ 476 
os a viens Inc esr 463 
Cadillac Plastic and Chemical Co. . 477 re YIN , . 
Campeo Division of Chicago MOLDERS, EXTRUDERS, ate 
Molded Products Corp. ........ 464 FABRICATORS = ey ef 
Commercial Plastics and Supply Ace Plastic Company .......... 461 — Plastics and Supply "a 
CN ae ean ene aa ee sa'e 466 Anchor Plastics Company, Inc. .. 473 —_,|._COTDs wee cece eee reece recess 466 
Davis, Joseph, Plastics Co. ...... 469 Auburn Plastic Engineering .... 462 Mono- Sol Corp. «6. --eeeeeeeeees 480 
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lose Progucts Div. ......ccece 475 Cadillac Plastic and Chemical Co. 477 o7 , ON aN 
Jessall Piestics 2... os. .ccccccses 460 Commercial Plastics and Supply SEALING EQUIPMENT ad 
Nixon Nitration Works ........ 467 AEE ees eee 466 Vertrod Corp. .........2+++0 456 
Scranton Plastic Laminating som vpaiee sels pare ns bs 460 
CME. ga Ddcam vadone as oe00e Es 458 Polymer Corporation of Penna., The 470 : c 
Southern Plastics Co. .......... 474 Raritan Plastics Corp. ..........- 478 STAMPINGS 
FremWNN Ee occ csv ccsecacece 479 Reliance Plastic & Chemical Corp. 480 Plastic Stamping & Molding Corp. 461 
Southern Plastics Co. ........... 474 
ACRYLIC SHEETING : aa = . = STYRENE SHEETING 
Auburn Plastic Engineering .... 462 NYLON FILM, SHEETING, TUBING Auburn Plastic Engineering 462 
Barron, J. E., Plastics, Inc. ....... 463 Auburn Plastic Engineering .... 462 Barron, J. E., Plastics, Inc. .. 463 
Cadillac Plastic and Chemical Co. 477 Barron, J. E., Plastics, Inc. ...... 463 Cadillac Plastic and Chemical Co. 477 
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Jess: rth I Sg ee oe artucc nas 460 Polymer Corporation of Penna., The 470 GU ean ut Aces erens oud 466 
Scranton Plastic Laminating Corp. 458 Southern Plastics Co. .......... 474 ry eel ealaaatairet ate 460 
co ere 479 Nixon _—— WOKE .ccccess 467 
. —— ‘ sii Raritan Plastics Corp. .......... 478 
PHENOLIC SHEET ROD AND TUBE Scranton Plastic Laminating Corp. 458 
CELLULOSE ACETATE Marblette Corporation, The ceee 465 Se ibe srling Rubbe or C ompany, 
BUTYRATE SHEETING ot mag — Dethhaeks de aoe 476 
Auburn Plastic Engineering .... 462 ; Southern Plastics Co. .......... 474 
Barron, J. E., Plastics, Inc. Bes on 463 PERFORATING & SLITTING Transilwrap Co. .........-..-- 479 
Campco Division of Chiago Perforating Industries, Inc. ....... 472 United States Rubber Company, 
Molded Products Corp. Oe Se 464 Royalite S's: ion) axe aah 468 
Jessall Pl. Wie ee aaa: cae boned 160 
Nixon Nitration Works ........ 467 POLYETHYLENE FILM, SHEETING, 
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Survey of Film and Sheeting 


, om virtually all thermoplas- 
tics are being used in varying 
amounts in the films (under 10 
mils thick) and sheeting (over 10 
mils thick) industry—and the 
volume continues to grow. As a 
guide to the many materials 
available, the following reports 
have been prepared by the vari- 
ous material suppliers. For more 
specific details on the physical 
properties of the various types of 
plastics films, consult the Films 
Chart, p. 597. 

The following materials will be 
covered in this section: vinyls, 
polyvinyl alcohol, polyvinylidene 
chloride copolymer, methy! cellu- 
lose, styrene alloys and copoly- 
mers, oriented styrenes, polyethy- 
lene, the cellulosics, acrylics, 
polyester, cellophane, and poly- 
chlorotrifluoroethylene. 





Powe 
"i Vinyl film and sheet mi 


Practically all vinyl film and 
sheeting sold commercially today 
is produced by calendering, cast- 





ing, or extrusion. (The term 
vinyl as used in this article covers 
both polymers and copolymers, 
including polyvinyl chloride and 
polyvinyl chloride-acetate copoly- 
mers. Calendering, by far the 
leading method of vinyl film and 
sheeting conversion, involves four 
(in the case of the rigids, usually 
only three) basic steps. In the 
manufacture of plasticized film, 
the five ingredients—resin, stabil- 
izer, lubricant, plasticizer, and 
colorant—are first thoroughly 
mixed in a large preblender. This 
premix is then formed into a hot 
plastic mass in a jacketed Ban- 

Section on Vinyls prepared by P. H. Hunter 


Development chemist, Bakelite Co., Div. of 
Union Carbide Corp., Bound Brook, N. J. 
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bury mixer and fed into a two- 
roll mill where it is further ho- 
mogenized and rolled into “pigs” 
for feeding the calender. In some 
setups, the preblended material 
can be fed directly to the cal- 
ender. By heat and pressure, the 
calender forms the film or sheet to 
the desired thickness. 

In the manufacture of rigid cal- 
endered film and sheeting, of 
course, plasticizers are not in- 
cluded in the formulation. Also, 
there is usually no preblending 
operation. The four ingredients 
are put directly into the Banbury 
mixer and formed into a dough- 
like mass. 

As for surface finishes, plasti- 
cized vinyl film and sheeting is 
supplied in a matte or glossy fin- 
ish which is imparted by the cal- 
ender roll or by subsequent fin- 
ishing rolls. Various decorative 
finishes such as taffeta or linen 
can also be obtained with special 
embossing rolls. By press lamina- 
tion it is possible to supply 
matte or highly polished rigid 
film and sheeting up to %-in. 
thick. Both plasticized and rigid 
vinyl film and sheeting are read- 
ily embossed during calendering 
or in subsequent operations, 

The casting process is used only 
in the manufacture of special 
vinyl film (primarily 1 to 8 mils). 
It consists of first laying a vinyl 
chloride-acetate resin solution 
onto an endless stainless steel 
belt. The volatile solvent in the 
solution is removed as the belt 
passes through an oven. In the 
completion of its production cy- 
cle, the film is dried and cooled, 
then rolled for packing. 

In extrusion, vinyl film and 
sheeting is produced by feeding a 
vinyl chloride-based compound 


into an extruder hopper, heating 
to a molten state, and forcing it 
through a flat or circular die. 


Plasticized calendered vinyl 
film and sheeting 


Chemistry: The vinyl chloride 
resin is made by polymerizing vi- 
nyl chloride monomer by suspen- 
sion or bulk processes. Ester plas- 
ticizers such as dioctyl phthalate 
are normally used for softening 
the base resin to obtain desired 
flexibility. A typical formulation 
contains resin and plasticizer in 
a ratio of approximately two-to- 
one. 

General properties: Plasticized 
calendered vinyl film and sheet- 
ing are characterized by moderate 
tensile strength, high elongation, 
good tear strength, low water ab- 
sorption, and moderately good 
chemical resistance. For specific 
applications, one or two of these 
properties may be maximized 
through special formulations. 

Processing: Plasticized vinyl 
films can be sewn, heat-sealed, or 
electronically sealed; special films 
can be coated with pressure- 
sensitive adhesives. Sheetings can 
also be heat-sealed or electroni- 
cally sealed, and special formula- 
tions can be coated with pressure- 
sensitive adhesives. They can also 
be formed easily and accurately 
by conventional thermoforming 
techniques. 

Applications: Film—raincoats; 
shower curtains; window shades; 
draperies; table covers; wall cov- 
ering; closet accessories; inflat- 
able toys; baby pants; and protec- 
tive covers. Sheeting—upholstery; 
swimming pool liners; women’s 
handbags; luggage; clear auto 
seat covers; convertible rear win- 
dows; and inflatable toys. Lamin- 
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Four specialized rigid vinyl films and sheets 
have been introduced (Bakelite Co.). The first 
is designed as an overlay for credit cards; the 
second is expected to find use as a credit card 
core stock and in thermoforming; the third 
is a nontoxic rigid vinyl for forming into milk 
bottle caps; and the fourth is designed for 
lighting applications. 


A new polyester laminating film (Videne A, 
Goodyear Tire & Rubber Co.) that can be 
adhered under heat and pressure to a wide 
variety of end-products has been announced. 
The material will be produced for direct or 
stretch-laminating applications in the plas- 
tics, textile. metal, wood, automotive indus- 
tries, etc. A special wrap (Videne TC) for 
machine packaging of foods is also available. 


Clear vinyl sheeting (Non-Tac, H. B. Strauss 
Co.), calendered in Europe from virgin poly- 
vinyl chloride resin, is a low-plasticizer-con- 
tent material without the tackiness frequently 
encountered in vinyls. The sheet is polished 
on both sides during the calendering operation. 


One calendered vinyl chloride sheeting (Chas. 
S. Fields Corp.) has a clarity almost equiva- 
lent to press-polished clear vinyl. Believed to 
contain about 10% plasticizer, it is called semi- 
rigid. Prospective uses are wallets, protective 
coverings, graphic arts, packages, etc. 


A water-soluble, transparent polyviny] alcohol 
film (Reynolon, Plastics Div., Reynolds Metals 
Co.) is offered as a packaging material for 
soaps, detergents, fertilizers, paints, antirust 
agents, and other water dispersible products. 


Film made from perfluorocarbon (Teflon 
100-X, Du Pont Film Dept.) will be avail- 
able in the near future. The film is capable of 
continuous service at 400° F. and has excellent 
electrical insulating properties. It is heat- 
sealable and is unaffected by most chemicals. 
Suggested applications include tank linings, 
specialized containers, etc. 


Glass-clear, calendered, unplasticized poly- 
vinyl chloride film (Anorgana G.m.b.H.) is 
available in two types for deep-drawn pack- 
ages or blisters. One type is for foodstuffs 
(Type L), one for technical grade (Type T). 


A new polyethylene (Alathon 31) sheet 
(Gileo, Gilman Bros.) for thermoforming is 
available in thicknesses from 10 to 250 mils, in 
any color, and in 52-in. widths. A second ther- 
moformable sheet (Gilco 50), with tempera- 
ture resistance from —40 to 175° F., is 


furnished in thicknesses from 10 mils to % in. 
in any color and grain. It is suggested for the 
manufacture of luggage. 


A new, weatherable-type polyester film (My- 
lar, Du Pont) withstands direct exposure to 
sunlight for extended periods. Because of its 
tensile strength, clarity, and durability under 
extreme temperatures, one of the most promis- 
ing uses seen for weatherable polyester film is 
in the construction of greenhouses and air- 
supported structures. 


In a new method (W. R. Grace & Co.) for 
producing clear, oriented film from low-pres- 
sure polyethylene, the film, extruded from a 
flat die, is cast onto a chilled roll. This gives 
the film higher impact strength than when it 
is produced in the conventional manner. The 
new, clear films are expected to be used for 
overwraps. Tear strength is greater than that 
of cellophane. 


A new transparent plastic sheet material 
(Sierracin 880, The Sierracin Corp.) is a cast, 
polyester-base, thermosetting material that 
can be used for aircraft enclosures that operate 
at surface temperatures as high as 280 to 300° 
F. The product is available in a variety of 
laminated configurations, using polyvinyl- 
butyral interlayers with 38% plasticizer con- 
tent. Postcured laminates with silicone (Silas- 
tic K) interlayers can be supplied, either flat 
or to shallow single or compound curvatures. 


Four new types of polyethylene sheet (Marlex 
50: Type 9, Type 15, Type 35, and Type 50, 
Phillips Chemical Co., subs. of Phillips Petro- 
leum Co.) have properties of special value for 
thermoforming. They are : rigidity, high gloss, 
and outstanding resistance to attack and per- 
meation by moisture vapor, gases, chemicals, 
and oils. 


A flexible vinyl film (Condulon CV5R100, 
Plastic Film Co., Inc.) incorporates a special 
carbon black to obtain maximum conductivity. 
The use of an all-resinous-type plasticizer and 
an efficient stabilizing system assures maxi- 
mum film life without loss of flexibility, even 
when exposed to abnormal conditions. The film 
is suggested for use in dry cell construction, 
as a semiconductor in cables, etc. 


Unmodified, oriented polystyrene film (Dow 
Chemical Co.) has excellent indoor aging and 
dimensional stability. Used in window en- 
velopes, it is 20 to 40% cheaper than some 
competitive materials. It is also used for win- 
dow cartons, laminations, overwraps, and bags. 
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ates—construction and ball park 
tarpaulins; pool covers; boat cov- 
ers; beach umbrellas; automobile 
upholstery; etc. 

Colors available: Plasticized vi- 
nyl films and sheetings have a 
wide range of transparent, trans- 
lucent, and opaque colors. 


Rigid vinyl calendered film 
and sheeting 


Chemistry: The base resin for 
rigid film and sheeting is nor- 
mally made by polymerizing vinyl 
chloride monomer or combina- 
tions of vinyl chloride monomer 
with other monomers such as vi- 
nyl acetate. A common rigid vinyl 
formulation would contain any- 
where from 87 to 97% resin. 
Straight PVC resin is also being 
used successfully in the calender- 
ing of a completely unplasticized 
film. 

General properties: Rigid vinyl 
film and sheeting have good di- 
mensional stability, high tensile 
strength, low water absorption, 
good-to-excellent chemical resist- 
ance, and flame-resistance. Spe- 
cial sheeting formulations also 
impart excellent light stability. 
The straight PVC film incorpo- 
rates the above properties plus 
higher heat-distortion and chem- 
ical resistance. 

Processing: The rigids can be 
cut, machined, and punched into 
such intricate articles as drafting 
instruments; they can be vacuum 
formed into signs, displays, relief 
maps, lighting panels; they can 
also be sealed to another rigid 
vinyl or to other plastics with 
solvents or cements; they can be 
overlaminated. 

Applications: Overlaminating 
printed credit cards; place mats; 
wall coverings; and decorative 
laminates. Forming material for 
signs, displays, lighting panels 
(formed or corrugated), relief 
maps, and toys. Rigid sheeting for 
recording disks; shower doors; 
industrial safety windows; lamp- 
shades; drafting instruments; 
credit card and playing card core 
stock; and lining for industrial 
tanks. Straight PVC rigid film as 
tape bases in packaging, and in 
electrical insulation applications 
requiring chemical resistance. 

Available colors: The range of 
translucent and opaque colors 
available for the rigid vinyls is 
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virtually unlimited. Degrees of 
transparency, however, become 
limited with increasing thickness. 


Plasticized and rigid cast 
vinyl film 


Chemistry: Vinyl chloride-ace- 
tate copolymer resins are gen- 
erally used in the production of 
cast vinyl film; straight polyvinyl 
chloride resins are less suitable 
because of their poorer solubil- 
ity characteristics. While dioctyl 
phthalate is the plasticizer em- 
ployed most often in casting vinyl 
plasticized film, other plasticizers 
are used when it is necessary to 
emphasize a special property such 
as low-temperature flexibility or 
extraction resistance. 

Cast vinyl films are stabilized 
to prevent discoloration and deg- 
radation in processing and in end 
use; however, the requirements 
for this are usually lower than 
for calendered products because 
of the lower processing tempera- 
tures. Other modifiers found in 
cast films are wax-type lubricants 
and inorganic fillers which serve 
as slip and antiblock agents. 

General properties: Cast vinyl 
film is designed for applica- 
tions requiring high-gloss clarity, 
chemical inertness, and resistance 
to moisture vapor and common 
gases. It is extremely tough, hav- 
ing excellent tensile and tear 
strength, and high elongation. 

Processing: Heat-sealing—im- 
portant in the manufacture of 
furniture covers, bags, etc.—is the 
most common fabricating process 
used on cast vinyls. Cast film is 
also readily vacuum formed. 

Applications: Laminated con- 
structions (e.g., military barriers 
and cheese wrap); an overlay film 
on unit food packages; furniture 
cover material; and “skin packag- 
ing” for irregularly shaped items 
such as hardware parts. 

Available colors: Practically all 
cast vinyl film, rigid and nonrigid, 
is clear, although work is pres- 
ently being done on perfecting the 
use of colorants in the casting 
process, 


Extruded vinyl film and sheeting 


Extrusion of vinyl chloride and 
vinyl chloride-acetate resins into 
film and sheeting is a compara- 
tively new field; in fact, much of 
it is still in the experimental 








stages. The resin compounds used 
to extrude vinyl film and sheeting 
have basically the same composi- 
tion as those used for calendering. 

Plasticized vinyl film made 
from this process is noted for its 
outstanding resistance to aging 
and sunlight. It also has good 
moisture-vapor transmission, ten- 
sile strength, tear strength, heat- 
sealability, clarity, and printabil- 
ity, and can be readily laminated 
to other materials. 

The major market for extruded 
vinyl film is, of course, packaging. 
The material has been particu- 
larly successful in the commercial 
packaging of such products as 
paper goods, textiles, and hard- 
ware. It is not used in food pack- 
aging. Progress in adapting ex- 
truded vinyl film for automatic 
machinery is expected to expand 
its present application. Plasticized 
vinyl sheeting made by extrusion 
may find particular use in em- 
bossed fabric and upholstery. 

When extrusion of rigid vinyl 
sheeting becomes commercially 
practical, it should find use in 
packaging, laminates, lighting 
components, etc. 


gaat 
L Polyviny! alcohol film ol 


Methods of manufacture: Band 
casting. The plastic base material 
with its modifiers is dissolved in 
water. This solution, with other 
chemicals added, is controlled for 
viscosity and temperature, and 
then deposited as a wet film on a 
large moving belt and dried. 

Types: There are two types of 
PVA film; namely, standard and 
cold water soluble. The standard 
type is made from the higher- 
molecular-weight type resins and 
is generally plasticized with glyc- 
erine. The cold water soluble 
(CWS) type film is made from 
internally plasticized resins or 
low-molecular-weight resins. 

Chemistry: PVA film is made 
from resins which have been hy- 
drolyzed—polyviny] acetate in the 
presence of methyl alcohol. There 
are numerous grades from high 
viscosity to low viscosity. PVA 
resin may also be internally plas- 
ticized by ethoxylation. 

General properties: PVA film is 











Section on Polyvinyl alcohol prepared by 


Mono-Sol Corp., Gary, Ind. 
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impervious to oils, fats, and waxes 
and has a zero transmission rate 
for oxygen, hydrogen, helium, and 
nitrogen. The water permeability 
is necessarily rapid, because of 
the film’s being made in water. 
PVA film has tensile strength 
which averages about 10,000 p.s.i. 
before stretching but has shown 
tensile strengths of more than 
50,000 p.s.i. after stretching to 5 
times the original length. The 
elongation of unstretched PVA 
film may vary from less than 10% 
to more than 600%, depending 
upon the plasticizer content and 
humidity. PVA films have excel- 
lent sunlight stability and have 
stood up in a Fadeometer for over 
1,000 hours. The refractive index 
ranges from 1.49 to 1.53. The aging 
qualities are excellent with no 
yellowing. Color is slightly yellow 
to colorless. 

Processing: PVA film readily 
heat-seals and may be laminated 
to other films, papers,, etc. 

Applications: The standard film 
is used as a relief agent in the 
molding of polyester resins and 
vacuum bag molding. The cold 
water soluble film is used as a 
water soluble packaging film and 
barrier coating. 

Finishes: Can be made with a 
satin finish on one side of the PVA 
film and a glossy finish on the 
other side. 

Widths and thicknesses: Stand- 
ard PVA comes in thicknesses of 
1 to 12 mils, in a maximum width 
of 54 inches. CWS-type PVA 
ranges in thickness from 1% to 3 
mils; maximum width, 54 inches. 





Polyvinylidene | 
chloride copolymer film 

Methods of manufacture: Poly- 
vinylidene chloride copolymer 
resins are mixed with the neces- 
sary plasticizers and stabilizers, 
extruded, supercooled, and ori- 
ented into a thin film. 

Chemistry: Vinylidene chloride 
and vinyl chloride, the two main 
constituents of a typical poly- 
vinylidene chloride copolymer 
film, are both made from ethylene 
(a petroleum product) and chlor- 
ine. 

General properties: The film 





~ Section on Polyvinylidene chloride prepared 
by R. C. Guyer, Plastics Technical Service, 
The Dow Chemical Co., Midland, Mich. 
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has excellent chemical resistance, 
will not support combustion, ab- 
sorbs practically no water, and 
has very low 
permeability. 

Processing: The film is heat- 
shrinkable and may be heat- 
sealed in the lighter gages. The 
best seals are obtained by using 
high-frequency electronic-sealing 
methods. The film may be lami- 
nated with adhesives to other 
materials, may be printed, and 
may be fabricated into casings, 
tubing, and bags. 

Applications: The film is ex- 
tensively used in applications 
where low water and gas trans- 
mission rates are desirable, such 
as packaging candies, processed 
and frozen meats, cheeses, baked 
goods, nuts, and cookie dough. 
It is often used as a cap-lining 
material because of its excellent 
chemical resistance. 

Colors available: Polyvinyli- 
dene cholride copolymer film is 
available in a range of clear 
transparent, translucent, and 
opaque colors. 


water and gas 





"encom 
iW Methy! cellulose film m 


Methods of manufacture: 
Methyl cellulose film is cast by 
normal casting methods. Methyl 
cellulose (e.g. Methocel 60HG7) 
resin and suitable plasticizer are 
moved in appropriate ratios into 
a dissolving tank containing the 
selected solvents. After agitation 
of the mixture, the solution is 
filtered into the casting hopper 
feed tank. 

The solution is fed through the 
casting hopper and is cast onto 
a stainless steel belt. The thick- 
ness of the film is controlled by 
regulating the rate at which the 
solution is fed onto the belt and 
the belt speed. As the film tra- 
verses the length of the belt, hot 
air removes the solvent which is 
recovered and recycled. 

Chemistry: Methyl cellulose 
resin is manufactured from one 
derivative of a series of water- 
soluble cellulose ethers. It is a 
mixed ether containing both 
methyl and hydroxypropyl sub- 
stitution. It is manufactured by 
simultaneous addition of methyl- 








+ Trademark of the Dow Chemical Co. This 
section prepared by R. C. Guyer of Dow. 


chloride and propylene oxide to 
previously conditioned alkali cel- 
lulose. 

General properties: The excel- 
lent water-solubility of methyl 
cellulose film is its most impor- 
tant property. Although the solu- 
bility rate varies with tempera- 
ture, at 77° F., 1 sq. in. of 1-mil 
film dissolves in water in approxi- 
mately 18 seconds. Methyl cellu- 
lose film’s tensile strength of 
5,400 p.s.i. is adequate for pack- 
aging. With a yield point of 2,200 
p.s.i., a burst strength of 17.9 p.s.i., 
and an elongation of approxi- 
mately 58%, bags fabricated 
from methyl cellulose film will 
withstand much abuse. The film 
has a 1.23 specific gravity. The 
yield factor, 22,500 sq. in./lb./mil, 
and low-cost base material 
make methyl cellulose film rea- 
sonably priced compared with 
other water-soluble films. Al- 
though its outdoor uses are ob- 
viously limited, methyl cellulose 
film has excellent indoor aging 
characteristics. This film exhibits 
no brittleness or apparent loss of 
flexibility at low temperatures, 
even when packed in dry ice. The 
m.v.t. rate of the film is high. 
Relative humidities of 95% and 
over may cause the film to soften 
slightly, but not necessarily to 
block. Its high gas permeability 
definitely classifies methyl cellu- 
lose film as a breathing film. This 
property may be desirable for 
many applications, but it makes 
methyl cellulose film -unsuitable 
for gas or vacuum packaging. 

Processing: Methyl cellulose 
film may be readily heat-sealed 
with either impulse heat-sealers 
or hot surface sealers. The opti- 
mum heat-sealing range, 300 to 
325° F., will depend on the par- 
ticular formulation being used. 
The film may be solvent-sealed 
effectively with a very small con- 
trolled supply of water. Adhesives 
are seldom used to bond the film, 
since methyl cellulose may be 
sealed with either heat or water. 

Applications: Facilitates auto- 
matic dispensing of package and 
contents for use in aqueous solu- 
tions; it eliminates personal con- 
tact with toxic materials, the 
necessity of unit measuring, and 
the danger of spillage; packaging 
powdered milk, cold drink pow- 
ders, food product additives, con- 
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centrates, medicinal capsules, 
laundry soaps, bath powders, 
bleaches, tints and dyes, fertiliz- 
ers, fungicides, rodent poisons, 
insecticides, etc. 

Finishes: Methyl cellulose film 
is available as a clear transparent 
film with one side glossy, and the 
other matte-finished. 





as 
¥ Modified styrene sheet | 


Methods of manufacture: Cal- 
endering or extrusion. 

Chemistry: Standard polysty- 
rene is modified by the addition 
of an elastomeric component. This 
addition may involve simple me- 
chanical blending or the more 
involved procedures of graft, 
block, or series polymerization. 

General properties: A family 
of materials covering a range of 
fair-to-good impacts, with hard- 
ness and tensile generally de- 
creasing with increasing impact. 
They are characterized by good 
processing and excellent forming 
properties. 

Processing: Can be formed by 
any of the conventional vacuum 
forming techniques, and can be 
machined on standard machinery; 
parts can be easily joined by ce- 
menting. 

Applications: Refrigerator and 
freezer liners, machine housings, 
cases and boxes, toys, decorative 
panels, display units, etc. 

Colors available and methods 
of finishing: Available in a broad 
color range, mostly opaque but 
some translucency in the lower 
impact range. Can be embossed, 
printed, and gold-stamped. 
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ABS polymer sheet — | 


Methods of manufacture: Cal- 
endering or extrusion. 

Chemistry: A_ styrene/acrylo- 
nitrile resin component is com- 
bined with a butadiene/acrylo- 
nitrile elastomer by mechanical 
mixing or by the more complex 
polymerization procedures. 

General properties: A family of 
materials covering a range of 
impacts from fair to excellent. In 
general, hardness and tensile de- 
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crease with increasing impact. 
High heat distortion, good chemi- 
cal resistance, good flexural 
strength, and improved weather 
resistance. 

Processing: Easily formed by 
standard vacuum forming tech- 
niques; particularly suited for 
deep-drawn parts; can be ma- 
chined, punched, or sewn. Parts 
can be easily joined by cementing, 
if desired. 

Applications: Automotive parts, 
tote boxes, machine housings, 
luggage, cases, household appli- 
ance parts, decorative panels, 
display items, toys, chemical re- 
sistant ducting, etc. 

Colors available: Wide range 
of opaque colors. Can be em- 
bossed, printed, and_ gold- 
stamped. 
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L Oriented styrenes | 


Methods of manufacture: Ex- 
trusion of sheet which is stretched 
in two directions under accurately 
controlled temperature to achieve 
molecular orientation. 

Chemistry: Produced from 
polystyrene or styrene acryloni- 
trile copolymer as furnished by 
raw materials suppliers. 

General properties: Oriented 
polystyrene has a tensile strength 
of 7000 to 12,000 p.s.i., a flexural 
strength of over 10,000 p.s.i., and 
a compressive strength of over 
25,000 p.s.i. Its percent of elonga- 
tion is 3 to 10. Water absorption 
(%/24 hr.) is 0.04 to 0.06 mils. 

Oriented styrene acrylonitrile 
copolymer has a tensile strength 
of 10,000 to 15,000 p.s.i., and a 
flexural strength of over 15,000 
p.s.i. Its percent of elongation is 
40 to 70. Water absorption (%/24 
hr.) is 0.5 (maximum). 

Processing: Both oriented sheet 
materials can be printed, lami- 
nated, slit, sheeted, die-cut, 
folded, and pressure or vacuum 
formed. Adhesives and methods 
of handling are improving. They 
are heat-sealable with special 
equipment and techniques. 

Applications: Oriented styrene 
is used for special photographic 
film base, lamination to impact 
styrene, printed and formed signs 
and displays, printed place mats, 








Section on Oriented styrenes prepared by 
Plax Corp., Hartford, Conn. _ 


light shielding, metalizing, pack- 
age covers and components, and 
complete heat-sealed packages for 
food items. 

Oriented styrene acrylonitrile 
copolymer is used as a glass sub- 
stitute for storm windows and 
temporary enclosures, lamination 
to ABS materials, packaging, 
signs, and displays. 

Colors available: Clear trans- 
parent and translucent colors. 
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¥ Polyethylene film | 


Methods of manufacture: See 
section on “Extrusion: Polyethyl- 
ene,” p. 743. 

Chemistry: Polyethylene is a 
pure paraffinic hydrocarbon resin 
made by polymerizing ethylene 
gas at high temperature and pres- 
sure in the presence of suitable 
catalysts. 

General properties: Good ten- 
sile, tear, and impact strength 
with unusually good performance 
at low temperatures; low mois- 
ture vapor permeability, high gas 
permeability; low density, there- 
fore high area yield factor; 
odorless, tasteless, colorless. 

Processing: Fabrication by heat- 
sealing on commercially available 
equipment. Printing on specially 
treated types with commercial 
inks on commercial presses. 
Pressure-sensitive adhesives can 
be used. 

Applications: Food packaging; 
soft goods packaging; hardware 
packaging; moisture barrier in 
building trades; concrete curing 
blanket; stratosphere balloons; 
tarpaulins and agricultural uses, 
e.g., silo covers, crop mulch, etc.; 
drum liners; and automotive seat 
covers. 

Colors available and methods of 
finishing: Natural, black, white, 
full line of standard colors and 
pastels; also, embossed. 


foes 
+ Cellulose acetate film = 














Methods of manufacture: A) 
Casting: In this operation, cellu- 
lose acetate flake, plasticizers and 
other modifiers are dissolved in a 
suitable solvent; this solution is 

Section on Polyethylene film prepared by 
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Haute, Ind.” 
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then deposited as a wet film on a 
large moving wheel or belt and 
dried under carefully controlled 
conditions. B) Extrusion. 

Chemistry: Cellulose acetate 
flake is made by esterifying al- 
pha-cellulose, under carefully 
controlled conditions, with acetic 
acid and anhydride in the pres- 
ence of a catalyst, e.g., sulfuric 
acid, washing, drying, and pulver- 
izing. Cellulose acetate flake, 
plasticizers, and pigments or other 
modifiers are converted to gran- 
ules for extrusion by processing 
on heated rolls or mixed with 
solvents for the casting process. 

General properties: Crystal 
clarity; wrinkle resistance; 
greaseproofness; water resist- 
ance; dimensional stability; high 
gas permeability; good electrical 
insulation properties; resistance 
to fogging; and medium water 
vapor transmission. 

Processing: Readily formed by 
heat; easily fabricated; readily 
solvent-sealed; metalizable; heat- 
sealable; and easily printed by 


rotogravure, flexographic, and 
silk screen printing. 
Applications: Prepackaging 


produce; packaged bakery prod- 
ucts; overwraps; window car- 
tons; window envelopes; lami- 
nates; electrical insulation; rigid 
containers; printed signs and 
displays; book covers; sound re- 
cording tape; glazing materials; 
lamp shades; pressure-sensitive 
tape; gold-stamping foil; protec- 
tive folders and covers; metalized 
ribbons; sun shades and curtains; 
and vacuum formed parts. 

Colors available and methods of 
finishing: Extruded material is 
available in crystal and in trans- 
parent, translucent, and opaque 
colors. Cast material is available 
in crystal and in surface-colored 
transparents. Cellulose acetate 
film can be printed, embossed, and 
goldleaf stamped. 
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LL Cellulose acetate sheet | 


Methods of manufacture: Ex- 
truded. Hot pressing of sheets is 
used to improve optical quality or 
to achieve special effects. Lami- 
nates, combining two or more 
colors, are available. 

Chemistry: Same as for acetate 
film, above, (e.g., crystal clarity; 
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greaseproofness; water resistance; 
dimensional stability; high gas 
permeability; good electrical in- 
sulation properties; etc.). 

General properties: Same as for 
acetate film, above. 

Processing: Readily formed by 
heat; readily solvent-sealed; 
easily metalized; can be _ hot- 
formed, blown, drawn, and sol- 
vent-stretched; heat-sealable; 
easily printed; and can be cut, 
blanked, stamped, stitched, 
drilled, punched, embossed, lam- 
inated, and cemented. 

Applications: Machine guards; 
laminates; electrical insulation; 
rigid containers; printed signs 
and displays; welders’ shields and 
safety lenses; glazing materials; 
truck curtains; protective folders 
and covers; metalized sequins; 
sun shades and curtains; vacuum 
formed parts; book covers; eye- 
glass frames; and handbags. 

Colors available and methods 
of finishing: Available in crystal, 
in pearls, and in transparent, 
translucent, and opaque colors. 
Can be finished by embossing, 
printing, and gold-leaf stamping. 


« 


— 7 
iW Cellulose triacetate film | 








Methods of manufacture: Cast 
from clear solutions on to slowly 
moving drum-like wheels with 
highly polished surfaces. 

Chemistry: This film is com- 
posed of completely acetylated 
alpha-cellulose combined with 
suitable plasticizers. 

General properties: A rigid- 
type film with high tensile 
strength, high heat resistance, and 
low shrinkage. It is characterized 
by its excellent clarity, gage uni- 


formity, dimensional _ stability, 
and high dielectric strength. 
Processing: Easily sealed to 


paper, board, or metallic foils; 
readily accepts inks for all meth- 
ods of printing. Has good surface 
“slip” for high-speed fabricating 
equipment. 

Applications: Window boxes 
and envelopes; magnetic record- 
ing tape; reverse printed window 
streamers; foil-laminated pack- 
aging; transformer windings; 
book jackets; and decorative rib- 
bons. 

Sections on Cellulose triacetate and Cellu- 


lose butyrate prepared by Eastman Kodak Co., 
Rochester, N. Y. 


Colors and finish: Crystal clear 
gloss finish. (Dyes commercially 
available for tinting.) 


(eettotose triacetate sheet 


Methods of manufacture: Cast. 
Same as cellulose triacetate film. 

Chemistry: Same as cellulose 
triacetate film. 

General porperties: A_ clear 
transparent sheet, with higher 
physical and chemical stability. 
Though rigid, it has excellent 
folding endurance. Unaffected by 
grease or water. High spectral 
transmission with minimum dis- 
coloration on exposure to sun- 
light. Brilliant surface finish. Uni- 
form gage. Least affected by 
heat of all cellulosic sheets. 

Processing: Provides deep draws 
by heated punch and dies, but 
softening temperature is too high 
for vacuum forming. Can be 
high-frequency sealed. Special 
types available for  solvent- 
sealing. Readily printed by all 
methods, including silk screening. 
Ideal for container manufacture 
with automatic box-making 
equipment. Easily slit, guillotined, 
or die-cut. 

Applications: Transparent con- 
tainers; folders and shop ticket 
protectors; wallet inserts; safety 
goggles; slot cell insulation; index 
tabs; filing equipment; greeting 
cards; counter displays; lamp- 
shades; microfilm holders; visual 
aid transparencies; map and chart 
overlays; menu covers. 

Colors and finish: Crystal clear; 
gloss or matte surface. (Dyes 
commercially available for tint- 
ing.) 


( Butyrate film ae 


Methods of manufacture: Cast. 
Same as cellulose triacetate film. 
Chemistry: The base of this 
film is cellulose acetate butyrate, 
a definite composition containing 
both acetyl and butyryl radicals. 
General properties: Softer than 
most cellulose ester films; low 
moisture absorption; tough, with 
stretch up to 45% elongation; re- 
sistant to water, detergents, and 
dry cleaning solvents. 
Processing: Excellent for lami- 
nating to metallic foils; can be 
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slit to very narrow widths; runs 
easily in looms and high-speed 
wire winding equipment. 
Applications: Metallic yarns 
and ribbons; wire insulation. 
Colors available: Clear trans- 
parent. 


—T 


: Butyrate sheet | 


Method of manufacture: Ex- 
trusion. 

Chemistry: Same as butyrate 
film. 

General properties: Low mois- 
ture absorption; forms easily 
without blushing; superior re- 
sistance to outdoor weathering; 
gage and surface less uniform 
than cast sheets; high impact 
strength and shock resistance. 

Processing: Excellent for all 
types of vacuum forming. Seals 
either with solvents or electroni- 
cally. Readily printed either di- 
rect or in reverse. Suitable for 
vacuum metalizing, embossing, or 
hot-stamping. 

Applications: Skin and blister 
packaging; advertising displays; 
outdoor signs; explosion-vent 
windows; industrial face shields; 
safety goggles; and instrument 
dials. 

Colors available and methods 
of finishing: Clear transparent 
and translucent white; as ex- 
truded, polished, and matte sur- 
faces. Other colors available on 
special order. 


= Acrylics a, 


There are two types of acrylic 
sheet available: extruded and 
cast. Extruded sheet is produced 
from acrylic solid polymers by a 
melt process through suitable 
dies. Cast sheet is produced from 
acrylic liquid monomers by a 
polymerization process in suitable 
molds. 

The significant differences be- 
tween cast and extruded acrylic 
sheet are in strength and resist- 
ance to heat (cast is higher). 
Differences in optical properties 
are slight. Chemical, dielectric, 
and weathering properties appear 
to be the same. 

Cast sheet is usually recom- 


Section on Acrylics prepared by George Carl- 
yon, Cadillac Plastic and Chemical Co., De- 
troit, Mich. 
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mended where the application 
requires the maximum in surface 
finish, clarity, toughness, and heat 
resistance. Extruded has_ been 
manufactured in recent years 
with much higher quality finish 
than was formerly the case, and 
is now acceptable for a wider 
range of quality-finish applica- 
tions. 

In general, fabricating methods 
and procedures are the same for 
both cast and extruded materials, 
except for the following: Form- 
ing temperatures for cast sheet 
run about 35 to 60° higher than 
for extruded. Recommended oven 
temperatures for extruded are 
260 to 305° F. and for cast, 290 
to 340° F. It is not safe to heat 
extruded above 325° F., or cast 
above 360° F. 

At forming temperatures, ex- 
truded sheets are softer than cast 
and require a greater number of 
clamps for support. They also 
have a greater tendency to stick 
together if touched or folded. 

Cementing of extruded mate- 
rials usually requires a less active 
or milder cement than for cast 
acrylics. The soak method of ce- 
menting may not be used with 
extruded materials. Dip and cap- 
illary methods are recommended 
as being more suitable. 

Airplane canopies and win- 
dows, outdoor signs, and displays 
are representative uses of acryl- 
ics. Acrylics offer optimum clarity 
and good light transmission. They 
are strong, rigid, and resistant to 
sharp blows. 


Polyester film | 


Method of manufacture: Made 
by flat casting of the polyester 
polymer and subsequent treat- 
ment to produce the polyester 
film. 

Chemistry: Polyethylene tere- 
phthalate is the condensation 
product resulting from the esteri- 
fication reaction between ethylene 
glycol and terephthalic acid, or 
the alcoholysis of a terephthalic 
acid ester with ethylene glycol. 

General properties: It is a 
clear, tough film (about 4% the 
strength of machine steel), with 
good elongation and impact re- 








Sections on Polyester film and Cellophane 
prepared by E. I. du Pont de Nemours & Co., 
Inc., Wilmington, Del. 


sistance. It has very low mois- 
ture absorption, is dimensionally 
stable under extremes of tem- 
perature and humidity, with good 
retention of its physical proper- 
ties. It has a low moisture vapor 
transmission rate, its permeability 
to gases is very low, and it does 
not embrittle at temperatures as 
low as —60° C. The film has a 
high melting point (250 to 255° 
C.) and is slow burning. It can 
be run on packaging machines 
and heat-sealed with the use of 
benzyl alcohol. It also has excel- 
lent resistance to acids, greases, 
oils, and organic solvents. Strong 
alkalies will affect the film, espe- 
cially when hot. The polyester 
film has well-balanced electrical 
properties as measured by its 
good dielectric strength, high in- 
sulation resistance, and low dis- 
sipation factor. 

Processing: The film is readily 
printed, embossed, or delustered. 
It is used for metalizing and can 
be laminated to a wide variety of 
materials. Coatings add to its 
versatility in making bags and in 
various packaging applications. It 
can be run on packaging ma- 
chines, used as an overwrap, etc. 

Applications: This film is suc- 
cessfully used in conveyor belts, 
transformers, capacitors, motor 
insulation, insulating tape, wire 
and cable, metallic yarn, as a 
gas barrier, cartography, magnetic 
recording tape, and general pack- 
aging. In addition, there are many 
unique industrial uses. A weath- 
erable type is available for out- 
door applications. 

Colors available and methods of 
finishing: The clear film in roll or 
sheet form is available from the 
manufacturer, but processors are 
now making it available in many 
colors and special put-ups. 





— 
iw TFCE film and sheeting | 


Methods of manufacture: Sheet- 
ing is made by compression 
molding between release plates; 
film is made by extrusion in the 
form of tubing and in the form 
of slit-die material. 

Chemistry: The polymer is a 
linear polymerization product of 
chlorotrifluoroethylene. In addi- 





Section on TFCE pat by Richard A. 
Smith and Herman S. Kaufman, Minnesota 
Mining and Mfg. Co., St. Paul 6, Minn. 
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tion to the homopolymer, copoly- 
mers of chlorotrifluoroethylene 
and vinylidene fluoride are avail- 
able. 

General properties: The film is 
tough, nonwetting, nonporous, 
clear, colorless, and transparent. 
It may be sterilized by heat or 
radiation. The moisture absorp- 
tion is zero and moisture vapor 
transmission is extremely low. 
Permeability to most gases is 
also very low. The useful tem- 
perature range of the film is —320 
to +350°F. The film is non- 
carbonizing and nonflammable. It 
is extremely inert to chemical 
attack and will not contaminate 
or be affected by acids, alkalies, 
greases, oils, and most organic 
solvents. The dielectric strength 
over a wide frequency, tempera- 
ture, and humidity range is high, 
and the loss factor is low. Films 
made from the copolymers suffer 
no appreciable loss in physical 
properties when subjected to ir- 
radiation dosages as high as 20 
megareps. 

Processing: The film is easily 
sealed by thermal impulse or 
high-frequency methods without 
adhesion aids. It can be vacuum 
or drape formed. It can be printed 
upon with special inks or marked 
by hot-stamping. It can be sur- 
face-treated and bonded to sub- 
strates with conventional ad- 
hesives. 

Colors available: Film is gen- 
erally used in the natural clear, 
transparent form; however, it 
can be pigmented to almost any 
color. 

Applications: Film and sheet 
are used in tank and pipe lining. 
The film is used in packaging 
operations where the service is 
unusually critical, corrosive, or 
moisture-sensitive. Packages are 
sterilized by steam or irradiation. 
Printed circuitry and connective 
cable assemblies fabricated from 
film are used by the electronics 
industry. Film is also used in 
gasketing and diaphragm appli- 
cations. 


— Cellophane | 


General properties: A relatively 
tough, transparent sheet. Un- 
coated cellophane is hygroscopic, 
tougher when moist, and more 








LAMINATED MATERIALS 


friable when dry. Softeners, such 
as glycerol, are added to improve 
its durability. It is difficult to 
start a tear in cellophane, but 
once started it tears easily. 

It is slow burning, but can be 
treated to make it nonflammable. 

It is not water-vapor-proof as 
manufactured, but can be made 
so with coatings. It is grease and 
oil impermeable. Types that are 
resistant to water are made. 

The film will change dimen- 
sionally with changes in relative 
humidity. 

Processing: Cellophane can be 
printed by all standard processes, 
formed into bags, or overwrapped 
on almost any package. All types 
can be sealed by adhesives, and 
practically all coated types can be 
heat-sealed to themselves. Stand- 
ard packaging machines can be 
used to process the film in the 
roll form, and semi-automatic 
machines can be used with sheets. 

It can be laminated to other 


LAMINATED MATERIALS 


films, foils, and papers to obtain 
desirable characteristics of both 
materials. 

Applications: The major use for 
cellophane is in the packaging 
field as bags, direct wraps, and as 
overwraps of trays and cartons. It 
is widely used as a base for pres- 
sure-sensitive tape and is used 
also as a parting sheet in low- 
pressure laminations and in other 
special industrial applications. 

Colors available and methods of 
finishing: Cellophane is available 
in a variety of colors, both plain 
and moistureproof. It can be ob- 
tained as sheets, rolls, or in a 
variety of die-cut shapes. Special 
types, such as non-moistureproof, 
semi-moistureproof, and mois- 
tureproof are available. Some 
varieties are heat-sealable, some 
can be sealed with solvents and/ 
or adhesives. Coatings are varied 
to provide different characteris- 
tics for almost any end use for 
which cellophane is satisfactory. 





While plastics films offer a di- 
verse range of properties, there 
is, of course, no single all-purpose 
material yet available that will 
answer all requirements. Indus- 
try has found, however, that the 
closest approach yet made to an 
all-purpose material is available 
in the concept of laminating two 
or more films—each with spe- 
cific desired properties—together. 
Moreover, by adding other than 
plastics film, e.g., aluminum foil, 
paper, cloth, etc., still a wider 
range of properties and charac- 
teristics is possible. 

In many instances, even a com- 
bination of two materials is not 
sufficient to meet specialized per- 
formance requirements. A third 
or fourth component is, therefore, 
added to the laminated structure, 
e.g., four-web combination of 
cloth, polyethylene film, Kraft 
paper, and vinyl film to make the 
standard type of water-vapor 
barrier specified by the military. 


Types of laminates 

The description of a laminated 
structure is generally applied to 
a combination of two or more 
webs joined together by the use 
of an adhesive layer between the 


webs. In contrast, a coating would 
be defined as a substance de- 
posited while in the liquid state 
on a web without the use of ad- 
hesive means. The popular new 
technique of extrusion-coating 
seems to fall in the latter cate- 
gory and is generally not con- 
sidered as a process for making 
a laminate. 


Processing and fabrication! 


Using the techniques described 
below, almost all flexible plastics 
films can be put to use in lami- 
nates. The list already includes 
polyester film, polyethylene, vinyl, 
saran, acetate, Pliofilm, and there 
is even talk of nylon. Among the 
nonplastics materials, the most 
popular in use in laminations is 
paper, followed by aluminum foil 
and fabric cloth. 

The desired end properties and 
requirements govern the selec- 
tion of materials to be combined 
and, to an extent, the adhesives 
and combining techniques em- 
ployed. Most laminations are 
made by one of the following 
methods: 


Wet laminations: Adhesives 


1 Prepared by W. P. Andrews, Reynolds Metals 
Co., 3840 Georgia St., Gary, Ind. 
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are usually aqueous solutions or 
dispersions, but solvent cements 
can also be used. In this method, 
the adhesive is applied by a suit- 
able applicator roll, the two webs 
joined under pressure from nip 
rolls and the solvent evaporated. 
Laminations of this type require 
that one of the materials be po- 
rous to permit escape of solvent 
or water vapor. 

Thermoplastic: This method is 
particularly adaptable to laminat- 
ing nonporous materials. <A 
thermoplastic base adhesive is 
applied to one web, the solvent is 
removed by heat, and the second 
web is joined by pressure from a 
heated roll. The laminate is ther. 
passed over cooling rolls prior to 
being wound in rolls. 

Hot melts: This is one of the 
simplest types of laminations. No 
drying chamber is required since 
there is no solvent to evaporate. 
The adhesive is applied hot to 
one web and the other brought 
in contact while the adhesive is 
still molten, The laminate is then 
cooled and wound into roll form. 

Contact: Pressure-sensitive or 
contact adhesives are used by a 
method similar to the thermo- 
plastic technique. The chief dif- 
ference is that heat is not re- 
quired to activate the adhesive. 
Instead, pressure from nip rolls 
serves to produce the bond. 

Calendering and extruding: 
Films may be calendered or ex- 
truded on flexible webs such as 
paper, aluminum foil, and other 
films. While this is not in the 
strictest sense a laminating pro- 
cedure, the effect is the same 
since a multiple web results. The 
limitations of this process are the 
types of materials that can be 
calendered or extruded and the 
kind of supporting webs that will 
fit the application requirements. 

The selection of the proper ad- 
hesive, of course, can have an 
important effect on the success of 
the end-use application. A good 
example is the recent develop- 
ment of the “heat-and-eat” type 
of package which is fabricated of 
a polyethylene-to-polyester film 
lamination. Because of the rigor- 
ous requirements of the applica- 
tion, it was necessary to select an 
adhesive that could take boiling 
temperatures (when the bag is 
placed in boiling water during the 
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New triple laminates (Lamart Corp.) include cellophane with 
cellophane, cloth with cloth, paper with cellulose acetate or poly- 
ethylene, and vinyl with nylon or cloth. Polyester film (Mylar) 
is bonded to polyethylene, vinyl, paper, or cloth, or backed with 
vinyl-coated woven and nonwoven fabrics or paper. 


A laminate (Coating Products) of metalized polyester film 
(Mylar) and rigid vinyl, in 0.010 to 0.0175 gages, is offered in 
54-in. width rolls or cut-to-size sheets in chrome, gold, or copper 
in plain, perforated, or embossed patterns. Suggested for applica- 
tions requiring rigidity, the material can be pressure-formed 
for dimensional effects or handled with the workability of light- 
gage sheet metal for grilles, panels, and other industrial parts. 


Laminations of metalized polyester film (Mylar) to high-impact 
and oriented polystyrene sheet (Flexcon Co.) can be vacuum and 
drape formed without affecting the bond strength. 


For use on outdoor furniture, a lamination (Nylonite, Cohn- 
Hall-Marx Co.) of specially formulated nylon and vinyl film 
(Ultron), resists the sun’s rays better than any similar material. 
It is resilient and resists cracking, mildew, peeling, and soil. 


An experimental technique (Minnesota Mining & Mfg. Co.) per- 
mits laminating of thin-gage heat-sealable polyester film to cards, 
documents, or paper to make them tamperproof. The process 
involves two specially arranged rolls of film. 


Laminating equipment and methods (Arvin Industries, Inc.) 
have been devised for welding vinyl-metal laminates to metals of 
much heavier gage than themselves. Using this process, the 
laminate can be welded to heavy brackets, framework, and metal 
sheets. Vinyl can also be applied to both sides of a metal sheet. 


A new semirigid polyvinyl chloride film and sheeting (Col-O- 
Vin Metal Laminates, Columbus Coated Fabrics Corp.) is in- 
tended for laminating to steel, aluminum, copper, and galvanized 
steel, plus plywood, fiberwood, and similar surfaces. 





cooking phase) or sub-zero tem- 
peratures (during storage in a 
freezer) without delaminating. 


Applications 


The availablity of laminates of- 
fering a wide range of properties 
has already started to open up a 
number of new applications. The 
“heat-and-eat” application de- 
scribed above (and based on a 
polyethylene-polyester lamina- 
tion) is regarded as one of the 
most important new trends in 
the packaging industry. Simi- 
larly, polyethylene-to-cellophane 
laminations (polyethylene adds 


strength and liquid-holding quali- 
ties) are responsible for most of 
the unit- and pouch-packaging of 
liquid and viscous products. 


Materials 


Each plastic film has its own 
special properties to offer to the 
final laminate, making it possible 
to engineer a material that can 
“breathe,” hold gases, withstand 
boiling water, etc. 

Polyethylene, for example, is 
usually used to impart water- 
proofness or heat sealability to 
the substrate and can be com- 
bined with such materials as 
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paper, cellophane, polyester film, 
aluminum foil, fabrics, etc., for 
use in vacuum packaging meats, 
for “heat-and-eat” packages, 
multi-wall bags, sugar pouches, 
and many similar  applica- 
tions. The polyethylene-cello- 
phane combination has proved 
especially effective (and is prob- 
ably the largest volumewise of all 
the laminates). Cellophane, on the 
one hand, is a good gas barrier 
when dry, but has low flex and 
tear resistance. Polyethylene, on 
the other hand, is more permeable 
to gases, but has good flex and 
tear resistance. Therefore, these 
materials naturally complement 
one another and make a good ma- 
terial for vacuum packaging 


luncheon meats and_ cheeses, 
among others. 
Pliofilm’s positive heat-seal 


quality, coupled with its flexing 
properties, makes it a very suit- 
able film for laminations. Pliofilm 
can be laminated to any of the 
packaging films, foil, paper, or 
board stock. Either lacquer-type 
or water-dispersed adhesives are 
used to effect strong bonds with 
satisfactory aging qualities. Ace- 
tate-to-Pliofilm, for example, is 
a lamination that is a good mois- 
ture barrier, is durable, grease- 
resistant, and can be heat-sealed. 
The combination is especially use- 
ful in the packaging of pharma- 
ceuticals. 

Even nylon film is showing po- 
tential as a possible material for 
laminate structures. While the 
film is markedly permeable to 


water vapors, it has low oxygen 
permeability, is very tough, and 
is resistant to hydrocarbons. 

The two materials that are most 
commonly combined with plastics 
films are paper and aluminum 
foil. Paper adds strength, support, 
and body to the laminate and is 
inexpensive. Aluminum foil in 
the heavier gages is a positive 
barrier to moisture, gases, and 
light, and is most effective when 
combined with films that offer 
flex and tear resistance and heat- 
seal properties. Therefore, lam- 
inates of the general type, 
aluminum foil-paper-aluminum 
foil-Pliofilm or polyethylene, are 
used for packaging such products 
as yeast, dehydrated soups, hygro- 
scopic citrus fruit powders, and 
milk powders. These combina- 
tions offer excellent moisture 
protection, durability, and es- 
thetic qualities. Yeast requires 
protection from oxygen so the 
air in the package is replaced with 
nitrogen gas. For gas packaging, 
saran and some types of Pliofilm 
are more satisfactory as the heat- 
sealable member of the laminate 
than polyethylene. 
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BY MARK W. NEITLICH* 


While plastics film and sheet- 
ing possess many basic properties 
considered desirable by potential 
users, the enlargement and crea- 
tion of consumer markets for 
plastics film and sheeting have 
been made possible largely 
through advances in the arts of 
decorating these products. 

The decorating methods most 
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widely used today are printing 
and embossing. Interesting spe- 
cialty products are also being 
produced by laminating and by 
flocking. 


Gravure printing 


The processes used to print 
plastics have been, basically, of 
the same types used by other in- 
dustries. Their successful adapta- 
tion to plastics, however, has re- 
quired continual change to meet 
the wide variety of problems 
which are introduced by new 
plastics materials. 

The gravure process has been 


the most widely used printing 
method for decorating plastics 
film and sheeting. Well-known 
in the industry, gravure printing 
involves the deposition of ink 
from depressions of a_ specific 
depth, pattern, and spacing, which 
have been either mechanically or 
chemically engraved in a cylin- 
der. The cylinder is partially 
immersed in the ink fountain, 
thus allowing the depressions to 
be filled with ink. The excess is 
wiped out of the depressions and 
off the unengraved areas of the 
cylinder by a resilient metal 
blade, referred to as the “doctor 
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A line of machinery for printing and processing (Alexander J. 
Shannon Co.) plastic film and sheeting includes equipment for 
laminating, embossing, and printing vinyl film, as well as roto- 
gravure printing presses for vinyl and polyethylene. 


A new ink system (RP, Claremont Pigment Dispersion Corp.), 
for high-speed multicolor gravure printing on treated polyethyl- 
ene film, is available in a full color range, including metallics. It 
offers all performance properties normally expected of conven- 
tional gravure inks. 


Polyethylene bags can now be printed in full-color rotogravure 
(Milprint, Inc.). The initial production job using the technique 
was on a bag for carrots (for Merit Packing Co.) and has proved 
effective in stimulating sales. 


Metalized polystyrene sheet (Mirro-Brite Gilco, sheet by Gilman 
Brothers Co., metalized by Coating Products) for vacuum form- 
ing is available in thicknesses from 20 to 125 mils in sheets or 
rolls up to 40 in. wide. It is offered with any color background 
using a metalized finish on one side and a color on the other. 


Electronically heat-sealable vinyl gravure inks (Claremont Pig- 
ment Dispersion Corp.) are available in a complete range of 
colors, including lightfast golds and silver. Prints for automotive 
applications, with up to 100% coverage, have been satisfactorily 
heat-sealed on commercial electronic heat-sealing equipment 
without destructive arcing. 


A new electro-contact method (MPM-Rothacker Film Treater, 
Modern Plastic Machinery Corp.) of surface-treating polyethyl- 
ene and other plastics films renders them receptive to printing 
inks. Film is passed between two distinct sets of rollers. One set 
carries a positive electrical charge and the other a negative 
charge. Since the material is in direct contact with the rollers 
at all times, and high voltages are not required, no arcing takes 
place. 





blade.” Cylinders are generally and high rates of production. Gra- 





chrome-plated to protect the en- 
gravings, as long as_ possible, 
against the continual abrasion of 
the doctor blade. Since the un- 
engraved areas must be wiped 
completely clean to avoid smudg- 
ing unprinted areas of the plas- 
tics, scrupulous care must be 
taken to keep the doctor blade 
free from scratches and in smooth 
contact with the cylinder. The 
selection of inks must be made 
with equal care, since inks which 
are too highly pigmented or con- 
tain abrasive fillers tend to lower 
cylinder life markedly. 

The gravure process is char- 
acterized by finely detailed prints 


vure presses, properly equipped 
with forced drying facilities be- 
tween cylinders, can print as 
many colors as there are printing 
stations. One of the most highly 
desirable aspects of gravure 
printing is process work. In proc- 
ess printing, transparent inks in 
the three primary colors are 
printed over one another using 
cylinders engraved by means of 
photographic color separation. 
The process method couples the 
fine detail possible in gravure 
printing with the full gamut of 
color variations available from 
combinations of primary colors. 
The primary disadvantage of the 


gravure process is the compara- 
tively high cost of preparing 
printing cylinders. 

Gravure cylinders, completely 
etched in a screen pattern over 
the whole roll area, are used for 
applying both pigmented coatings 
and clear or tinted top coats to 
plastics, particularly, in the man- 
ufacture of vinyl upholstery. The 
gravure method is also used in 
reverse printing, in which case 
the pattern is printed, in reverse, 
on the back side of a clear plastic. 
The reverse-printed clear plas- 
tic film can then be laminated to 
thicker plastics sheets. 

Inks used in the gravure proc- 
ess dry, usually, by evaporation 
and must be adjusted to fit the 
printing speed of the equipment, 
the depth of etch of the specific 
cylinder, and the plastic being 
printed. Drying temperatures 
must not be so high as to cause 
distortion of the plastic nor so 
low as to inhibit complete drying 
of the ink (especially in multi- 
color printing). 


Flexographic printing 

Flexographic printing is most 
commonly used in _ producing 
printed packaging films. It has 
had little application, until re- 
cently, as a method of decorating 
plastics film and sheeting. Deco- 
rators of plastics, particularly 
light-gage polyethylene, have 
noted the success of package 
printers in handling this material 
at extremely high speeds. In ad- 
dition, the wide use of decorated 
polyethylene for inexpensive 
throw-away items, such as drap- 
eries and tablecloths, has caused 
a swing toward the flexographic 
process because of its inherently 
low plate cost and its adaptibility 
to numerous style changes. Al- 
though the fineness of detail pos- 
sible in gravure printing is not 
obtainable in flexographic print- 
ing, this disadvantage is nullified 
in the case of light-gage decorated 
polyethylene because of the fact 
that almost all the materials sold 
are heavily embossed. 

The plates used in flexographic 
printing consist of raised patterns 
made of natural or synthetic rub- 
ber. Inks are furnished to these 
rubber plates by a rubber roll, 
partially immersed in the ink 
fountain, which transfers ink to 
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a fine screen-lined steel roller. 
The steel roller deposits a thin 
layer of ink on the printing plate 
which has been mounted on the 
plate roller by means of an ad- 
hesive. Inks, of course, must be 
rapid-drying. The potentially high 
printing speed of the flexographic 
process can be achieved only 
through the impingement of rap- 
idly circulating hot air on the 
printed plastics after each color 
is printed. Until recently, the 
make-up of printing rolls and 
plates limited flexographic inks 
to the alcohol type. Recent de- 
velopments, however, have made 
available solvent-resistant rub- 
bers that permit printers to use 
universal inks based on stronger 
solvents. 


Valley printing 


Valley printing, also known as 
inlay printing, has only recently 
begun to enjoy wide use as a 
plastics decorating method. By 
adding a suitable auxiliary ink- 
furnishing unit to a conventional 
embossing machine, ink is applied 
to the high points of the emboss- 
ing roll and is, subsequently, de- 
posited in what turns out to be 
the valleys of the embossed plas- 
tic. The process opens a com- 
pletely new area in plastics deco- 
rating by combining the effects of 
dimension with color. The ink- 
furnishing equipment consists, 
usually, of a combination of rub- 
ber rolls, or steel and rubber 
rolls. In either case, a rubber 
roll is used to deposit the ink on 
the embossing roll. 

Since the plastic is preheated 
prior to printing, it was felt, at 
one time, that only water-based 
inks would be satisfactory for 
valley printing. Several years of 
trouble-free experience with spe- 
cially formulated solvent-based 
inks have served to place the 
danger of fire in its proper per- 
spective. The solvents used in 
these inks, however, must not 
attack the rubber rolls. Solvent- 
based inks have been used suc- 
cessfully to print a large volume 
of vinyl and polyethylene film 
and sheeting. 

Each new valley-printed design 
requires the preparation of a 
different embossing roll. Valley 
printing can, therefore, be eco- 
nomical only where the roll is 
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used to produce a relatively large 
volume of printed film or sheet- 
ing. Many currently operated em- 
bossing units can be equipped 
to valley print. Most, but not all, 
embossing rolls are suitable for 
valley printing. 


Silk screen printing 

Silk screen printing ranges in 
complexity from simple hand 
methods to semi-automatic oper- 
ations on all types of plastics. 
This printing method, in its basic 
form, involves laying a pattern 
of an insoluble material, in out- 
line, on a finely woven fabric, so 
that when ink is drawn across it, 
it is able to pass through the 
screen only in the desired areas. 
While the cost of screens for each 
new job is relatively small, the 
process itself does not allow rates 
of production comparable with 
methods of roller printing. Be- 
cause of low cost, however, 
smaller yardages can advantage- 
ously be printed by the silk 
screen method. Silk screen inks 
are designed to dry relatively 
slowly in order that clogging of 
screens does not occur. Colors 
must be printed singly and sheets 
stacked for either forced-drying 
or air-drying, to avoid smudging. 
The silk screen method is em- 
ployed for producing low-volume 
specialty products and is in wide 
use for decorating such products 
as vinyl inflatables. 


Surface printing 


Surface printing is a rotary 
printing process using raised en- 
gravings and permitting applica- 
tion of up to twelve colors with- 
out drying between nips. Ink is 
furnished to each printing roll 
by a fabric-covered roll which 
is in turn supplied by a metal 
roll immersed in an ink foun- 
tain. The printing rolls are 
mounted around the circumfer- 
ence of a large drum on which 
the plastics film travels. The rel- 
atively slow rate of production 
and lack of demand for surface- 
printed plastics have tended to 
diminish its use as a method of 
decorating plastics. 


Transfer printing 

Transfer printing involves ap- 
plying a printed pattern, usually 
by gravure, to a carrier (gener- 


ally a special coated paper), and 
then transferring the print to a 
film. This is a very useful method 
of maintaining precise register in 
cases where the plastics to be 
printed is subject to severe dis- 
tortion either because of normal 
press tension or because of the 
solvent content of the inks used. 
The transfer-printing operation 
is usually accomplished by casting 
a plastics film on the printed 
carrier. The print releases from 
the paper, becoming an integral 
part of the film and bearing the 
exact pattern which is printed on 
the carrier. 

Transfer printing is not used 
very extensively in the plastics 
industry, its principal applications 
being in the decoration of various 
soft plastics films, which are about 
one mil or less than one mil in 
thickness. 


Roll leaf stamping 


Another type of transfer print- 
ing generally used for decorating 
small plastics sheets is roll leaf 
stamping. Roll leaf is available 
in continuous rolls of varying 
widths. It is made by coating 
colored ink compositions on a 
non-adhesive carrier, usually cel- 
lophane. This process also in- 
volves the transfer of ink from a 
carrier to a plastic. The transfer 
in this case, however, is effected 
by the application of a raised 
heated steel design to the roll 
leaf when in intimate contact with 
plastics. Whereas transfer print- 
ing is designed for production of 
continuous rolls of printed plas- 
tics, roll leaf stamping can be 
used only to imprint patterns on 
a single sheet of plastics in each 
printing cycle. 


Spanishing, a carry-over from 
leather finishing, is a method of 
depositing ink in the valleys of 
embossed plastics. This is done 
mechanically either by a wipe- 
roll machine or by a knife-on- 
blanket unit. In a few plants, 
hand-spanishing of specialty plas- 
tics products is also carried on. 
The process is a highly practical 
procedure for producing two-tone 
effects in the limited number of 
applications in which design pro- 
hibits the use of valley printing. 
The use of spanishing is tending 
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to diminish, because of the fact 
that valley-printing methods can 
produce the same effects in a 
single operation. 


Embossing processes 


The art of embossing is used 
to create depressions of a specific 
pattern in plastics film and sheet- 
ing in order to enhance the ap- 
pearance and acceptability of 
plastics for consumer products. 
The three principal methods of 
embossing are: 1) pressure em- 
bossing; 2) vacuum embossing; 
and 3) dielectric embossing. Pres- 
sure-embossing techniques are 
well-known in the plastics indus- 
try. Vacuum embossing and di- 
electric embossing are relatively 
new processes which are finding 
wider use as the state of their 
art improves. 


Pressure embossing 


Pressure embossing is accom- 
plished by both flat plate and 
rotary methods. Because of its 
relatively slow rate of produc- 
tion, plate embossing is generally 
limited to short runs. The actual 
operation is performed in a hy- 


draulic press equipped with a 
heated platen, which is usually 
the upper platen. The engraved 
metal plate is clamped to this 
platen and is heated by it. When 
the sheets or continuous rolls of 
plastics are positioned in the 
press, either mechanically or 
manually, the lower platen forces 
the plastics against the pattern 
of the engraved plate. The ra- 
pidity with which the plastics 
take on the pattern of the en- 
graved plate depends on the tem- 
perature of operation and the 
gage of the plastics. The perma- 
nence of the embossing depends 
also on the temperature, pressure, 
dwell time, and engraving depth. 
Naturally, these factors vary with 
each type of plastic material to be 
embossed. 

The more widely used method 
of pressure embossing is roller 
embossing. The technique is sim- 
ilar in principle, to plate emboss- 
ing except for the fact that the 
pattern is engraved on the 
surface of a steel cylinder. This 
conversion permits continuous 
operation and, thus, higher pro- 
duction rates. In rotary embos- 


sing, the plastic is generally pre- 
heated and is fed between the 
engraved roll and a rubber pres- 
sure roll. The Durometer hard- 
ness of the rubber roll depends on 
the depth of the embossing re- 
quired. The depth of the embos- 
sing, the gage of the plastic, and 
its flow point, all figure in deter- 
mining the temperature and pres- 
sure required. Rapid cooling of 
the plastic is necessary to fix the 
impression permanently. This is 
done by cooling the embossing 
roll internally and, in cases where 
the gage of the plastic is very 
low, by spraying the plastic with 
cold water. Some manufacturers 
of vinyl sheeting have found it 
economical to have their embos- 
sing units directly in line with the 
calender so that goods are em- 
bossed as they pass from the 
calender. 


Vacuum embossing 


The technique of vacuum em- 
bossing permits the embossing of 
plastics much more deeply and 
less expensively than possible by 
pressure embossing. While first 
applied only to the embossing of 
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Manufacturers of the most advanced and efficient Thermal 
Impulse Heat Sealers available. A complete line assures every 
manufacturer of the exact machine needed for his individual 
operation. These machines are designed for uniform, positive 
sealing and trim-sealing without continuous heat. They heat 
instantaneously — no warm-up time required, and will seal 

all thermo-plastic materials; Polyethelene, Pliofilm, Saran, 
Vinyls, Nylon, Mylar, etc. Vertrod Heat Sealers are fast, need a 
minimum of maintenance and have maximum built-in safety 
features. Seals can be made through wrinkles, gussets, liquids 
and powders. Hand, foot-pedal and electromagnetic or 
pneumatic power-operated models up to 54” long — special 
models to fit specifications. 


Send for FREE DESCRIPTIVE LITERATURE 


Wlertrody., 


THERMAL IMPULSE HEAT SEALING MACHINERY 
2037 Utica Avenue, Brooklyn 34, N. Y. 
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plastics sheets, the process of 
vacuum embossing has been de- 
veloped to permit the decoration 
of continuous rolls of plastics 
film or sheeting. In vacuum em- 
bossing, the material is first 
heated to its flow point by heaters 
within the unit. It is then drawn 
by means of vacuum against the 
mold which contains suitably 
positioned vacuum holes. As a 
result of the pressure exerted 
against the plastic, it takes the 
shape of the mold. Molds may be 
fabricated of such low-cost ma- 
terials as plaster of paris. Unique 
effects are also obtained by using 
textile fabrics as molds. Items 
produced by this technique are 
place mats and acrylic outdoor 
advertising signs. 

A major expansion in the use 
of vacuum-embossing techniques 
was made possible by the devel- 
opment of continuous, rotary vac- 
uum embossing. This has per- 
mitted a large increase in pro- 
duction rates and, as a result, has 
been applied with great success 
to thin-gage polyethylene film. 
In the rotary vacuum-embossing 
process, the embossing roll is en- 
graved in the reverse manner of 
a pressure embossing roll and is 
also drilled with vacuum holes. 
When the preheated plastic is 
passed over the chilled embossing 
roll, it is drawn against it, ac- 
quiring the pattern desired. A 
spray of cool water, applied im- 
mediately after embossing, serves 
to set the pattern. This additional 
cooling is especially necessary in 
the vacuum embossing of thin- 
gage plastics. Representative of 
the items produced by this meth- 
od are inexpensive, highly styled, 
polyethylene draperies and table- 
cloths. 


Dielectric embossing 


Dielectric embossing is a by- 
product of dielectric heat-sealing. 
A heat-sealing machine is de- 
signed to heat plastics by means 
of high-frequency electric cur- 
rent. The current causes the 
plastics to heat up only where 
contacted by steel jaws of the 
desired design, which the heat- 
Sealing unit presses onto the 
plastics. Quilted products, con- 
taining a variety of stuffing ma- 
terials, as well as entire auto- 
mobile door assemblies, are 
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all your eggs in one basket! 


Placing all your orders like neatly-arranged eggs into one basket is 
begging for trouble in this day of tight production schedules. If you 
depend on prompt delivery of rigid cast acrylic sheets to keep your 
production wheels turning, an additional source of supply is as essential 
as your machinery. More and more firms throughout the country find 
the Cast Optics Corporation a reliable source of Cast Acrylic Sheets 
— whenever they need them and in any quantity they want. Cast 
Optics Corporation specializes in producing optically clear, rigid plastic 
sheets of the highest quality — durable, abrasion resistant and cast to 
closer thickness tolerances. Get in touch with us today! 


We are manufacturers... 
not jobbers 


of Rigid Cast Acrylic 
Plastic Sheets 


Thicknesses .020 - .500 Sheet sizes up to 48”x72” 
First grade or S-grade available in clear or translucent white 


CR39 — ideal for instrument windows and other uses. If you 
are a fabricator, jobber or end user, contact us 
for immediate delivery from stock. 


CAST OPTICS 
CORPORATION 
500 Newman St., Hackensack, N. J. 
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EVR-KLEER* 
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Stock sizes up to 51x 108". 


Available transparent, translucent, or opaque—in a wide range of colors. 


Scranton Plastic Laminating corp. 3216-18 PITTSTON AVE,, SCRANTON 5, PA 





created by this technique. The 
process is discontinuous and op- 
erates on a definite time cycle 
which is determined by the volt- 
age applied and the dwell time 
required to achieve a satisfactory 
weld. Successful production is 
possible only where the plastics 
and any print or coating applied 
to the plastics do not transmit 
electric current. Transmission of 
current, known as arcing, during 
the welding cycle can cause se- 
vere scorching of the plastics at 
the points of local current flow. 
Arcing is attributable to a wide 
variety of causes, among them 
high humidity. Because of the 
number of unknowns still pres- 
ent in the dielectric-sealing proc- 
ess, the choice of plastics and inks 
used by manufacturers is quite 
important. 


Printing inks 


Inks are generally formulated 
to suit a specific plastic, printing 
method, and product application. 
The printer’s first concern is 
therefore his ink formulation. 
This must be considered from 
two aspects: 1) how the ink 
prints; and 2) how the print 
stands up on the plastics under 
subsequent manufacturing and 
actual use. Plastics inks are com- 
posed of blends of various syn- 
thetic resins, pigments, and sol- 
vents. Most plastics inks dry by 
evaporation of solvent. Ink sol- 
vents must be selected which will 
permit the inks to dry slightly 
faster than required by the speed 
of the printing operation. Through 
the use of retarding solvents, inks 
which are formulated properly 
can always be made to dry more 
slowly, whereas inherent drying 
speed cannot be increased. A 
stream of rapidly flowing hot air 
passing over the printed plastics 
will provide maximum flexibility 
and speed, particularly, in multi- 
color gravure and flexographic 
printing. The temperature of the 
air is limited by the heat distor- 
tion point of the plastics. 


Laboratory tests 

There are no practical labora- 
tory tests for reliably determining 
printing performance except for 
actual printing trials on labora- 
tory equipment. In these trials, 
the printer determines the print- 
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ing speed best suited to the spe- 
cific inks and plastics, as indicated 
by the cleanliness of printing and 
the feasibility of 
color 


printing one 
Standard 
equipment, which has been gen- 
erally adopted in the industry, is 
available for performing labora- 
tory tests to approximate the per- 
formance of printed material 
under conditions of actual use. 


over another. 


Following are some of the tests 
which should be performed on 
printed plastics by the printer. 

1) Light fastness: This test is 
usually performed using a stand- 
ard Fadeometer or weatherom- 
eter, sometimes supplemented by 
outdoor exposure data. The light- 
stability requirements are deter- 
mined by the product’s end use. 
Specifications range from the 100 
hr. or less of stability-to-light 
required by intended 
for indoor use to the 400 hr. of 
light-resistance demanded of out- 
door products. Except possibly in 
the case of over-all pigmented 
coatings, the printer should not 
require greater light stability for 
his inks than the plastic itself 
demonstrates. 

2) Block resistance: The block 
resistance of an ink is a measure 
of the degree to which it will 
tackify conditions of heat 
and pressure. Most printed plas- 
tics are exposed to both heat and 
pressure at some time following 
the printing operation. Under 
such conditions, a normally block- 
resistant ink show 
blocking. 

(Blocking is sometimes con- 
fused with “mark-off,” the latter 
being a condition wherein a print 
is incompletely dried and conse- 
quently transfers to any other 
surface which it contacts. If the 
printer uses inks formulated to 
permit complete solvent release 


materials 


under 


may severe 


on presses adequately equipped 
with forced-drying equipment, he 
can completely eliminate the 
problem of “mark-off.”) 

The usual test for blocking is 
an accelerated one using elevated 
temperature and pressure. Prints 
are placed both face-to-face and 
face-to-back smooth 
surfaces. The resulting sandwich 
is placed under a measured pres- 
sure in an oven of controlled tem- 
perature for a specified time. If 
a printed plastic is to be em- 
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Eye appeal can be your big “plus 
factor” in today’s competitive mar- 
ket... and Mirro-Brite “Mylar” is 
the perfect answer. Versatile. 

amazing tensile strength! In a wide 
variety of sizes, color finishes, pat- 
terns and special effects. Available 
with or without pressure-sensitive, 
self-adhering backing. Write for il- 
lustrated sampler and price lists. 


*™Mylar”’ is DuPont's registered trade mark 
for its brand of polyester film. 
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...to meet YOUR 
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" Fail: Eplhiusions 
eJessall 


Whether your applications call for standard 
extrusions... or custom designs specially de- 
veloped to handle new products ... JESSALL 
will meet your requirements. Intricate shapes, 
hard-to-work plastic compounds, orsimple stand- 
ard extrusions that must meet rigid specifications 
for dimensional tolerances or physical properties 
whatever your applications demand, JESSALL 
can produce extrusions exactly engineered to your 
needs. Remember, if your new developments re- 
j quire expert designing and engineering services, 
” JESSALL’s experienced staff is available to assist 
: you. JESSALL Plastic Extrusions include: 


LARGE CLEAR TUBING 


At only '4 to '% the cost of molded tubing and in any 
lengths you require butyrate, Lucite®, acetate, polysty- 
rene and rigid vinyl tubing is extruded in diameters up to 
5”. Close dimensional tolerances are maintained 


STRIP-A-TUBE® 


Used extensively for multi-pressure or vacuum measurement and 
for low-pressure distribution systems — this multi-cell tubing also 
provides the ideal “harness” for complicated electronic hook-up 
systems 




















Strip-A-Tube is available from stock in 12 different sizes, ranging 
from 1/32” to ',” ID and consists of from 7 to 20 connected tubes 
Any one tube or combination of tubes is quickly stripped or separated 
from the rest. Strip-A-Tube is supplied either clear or color coded, 
and with brass adapters for connections. Bulletins describing sizes and 
types and including samples and price list are available on request. 


CUSTOM PROFILES 


Designed and engineered to meet your exact requirements, special shapes 
by JESSALL are extruded in a wide range of plastic compounds. Close 
dimensional tolerances and highest uniform quality are maintained. Dies 
are quickly and accurately made in our own tool shop. 


NYLON — Rod, Tubing, Shapes 


Nylon rod and tubing is easily machined and is used by the machine screw 
industry for a wide variety of products. Nylon parts are used extensively in 
many industries because their smooth, self-lubricating surfaces are ideal for 
bearings, slide tracks for doors and many other applications. Nylon is tough, 
completely inert to most chemicals and can withstand high temperatures. Rod 
available from 1/16” up. Write for details 


PLASTIC TUBING 


If you require plastic tubing, custom extruded to your exact diameter, wall and 
length specifications, JESSALL is equipped to handle your largest orders . . . 
promptly and at the most advantageous cost to you. Tubing for use in propellant 
containers, ball point pens, and unlimited other applications can be supplied in 
flexible or rigid plastics. JESSALL’s large inventory of tubing dies permits rapid 
extrusion of almost any size without die cost to you 


“LAYFLAT”’ TUBING 


The ideal solution for difficult heavy-wall packaging problems, irrigation, metal tub- 
ing protection, and medical applications, “Layfiat” Tubing is supplied in polyethyl- | 
ene or vinyl for fast, secure heat-sealing. Available in widths up to 7” with wall \ 
thicknesses .006” and up 


WRITE NOW FOR COMPLETE INFORMATION 
outlining your plastic 
extrusion requirements. 


PLASTICS 


KENSINGTON 1, CONN. 


Division of The Electric Storage Battery Co. 


bossed, it is necessary for t 
block point of the print to be 
high as possible so as to avod 
pick-off of the print by the en - 
bossing roll. On the other ha: 
where clear plastic is to be lami- 
nated to a printed plastic, best 
results require that the block 
point of the ink be as low as prac- 
tical but not so low as to inter- 
fere with the ink’s’ working 
properties. 


3) Crock resistance: The crock 
resistance of an ink is a measure 
of its ability to resist transfer of 
color to any surface in brief con- 
tact with the print. Crocking is 
actually a condition of color 
transfer resulting from improper 
choice and combination of ink 
ingredients. Crocking of metallic 
inks can be eliminated by the 
addition of reducing clears to the 
inks prior to printing. Of partic- 
ular interest to vinyl gravure 
printers has been the develop- 
ment of crock-resistant gold inks 

Crock resistance can be deter- 
mined by means of the AATTC 
standard crock test which in- 
volves abrading a printed surface 
with another surface, which is 
usually a standard grade of tex- 
tile fabric, for a specific number 
of times and at a fixed pressure. 
This determination is_ relative, 
thus requiring that the printer 
establish standards of crock re- 
sistance for himself as reference 
points. Where a printed plastic 
is either to be coated with a clear 
top coat or is to be covered by 
a clear laminate, crock resistance 
is of little consequence. 

4) Bleeding resistance: The 
bleeding resistance of an ink is 
a measure of its ability to resist 
transfer of color into the printed 
substrate or to other surfaces as 
a result of prolonged and intimate 
contact. Because of the large va- 
riety of plastics in common use 
today, it is vital that inks be 
formulated with pigments which 
are bleedproof in almost all plas- 
tics. The tendency of an ink to 
bleed can be determined by an 
accelerated test using heat and 
pressure. (See test described 
under block resistance.) Relative 
standards for bleeding should be 
established by the printer fo 

reference purposes. 

5) Abrasion resistance: ‘The 
abrasion resistance of an in! is 





FILM, SHEETING, AND SHA’ES 
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easure of its ability to resist 
effects of wear in actual use. 
ny plastics are relatively soft 
extended 


cannot withstand 


asion. In cases where an ink 


abrasion 


ws poor resistance, 
result can sometimes be 
ced to the low cohesive 


ength of the plastic itself. A 
standard testing machine to de- 
nine relative abrasion resist- 
e is the Taber Abraser. By 
this test 
resistance 


of equipment, 


be 


essed in terms of the number 


eans 
brasion can ex- 
of cycles required to reach a spe- 
cific state of wear. There has been 
little correlation established be- 
the obtained 
laboratory abrasion tests and the 


tween results in 
effects of actual usage. Abrasion 
tests, while only of relative sig- 
nificance, are still quite important 
to the plastics manufacturer. 

6) Many 
printed plastics products can be 


Soap resistance: 
expected to come in contact with 
soap during their lifetime. The 
must be assured that his 
prints are alkali-fast. A simple 


printer 


test for this property involves im- 
mersion of the material in a 1% 
lye 15 minutes. Re- 
tention of color can be judged by 


solution for 


eye and will indicate the degree 
of soap fastness. 

7) Adhesion: Many tests have 
been developed to determine the 
relative adhesion of inks to plas- 
tics. The test method most widely 
the pressure-sensitive 
tape test. This involves applying 
tape 
printed area of the plastics film or 
sheeting and then ripping the tape 
off. The quantity of ink removed 
by the tape is considered to be a 
of the ink’s adhesion. 
A number of objections to this 


used is 


pressure-sensitive to a 


measure 


test have been voiced. First, it is 
obvious that the test is in no way 
a reproduction of any field con- 
dition. Second, the test is as much 
a measure of the adhesion, or lack 
of adhesion, of pressure-sensitive 
tape to ink as it is a measure of 
the adhesion of ink to plastics. 
test method, com- 
nly used in the packaging in- 
try, which is more indicative 
of adhesion and toughness, is the 

nkle” 

ted plastic is grasped between 
th thumbs forefingers of 


\ second 
d 
test. In this procedure, 


and 


hands, 








helps you get 


EXTRUD 


New e-x-p-a-n-d-e-d production facilities now make it 
possible for you to reap the benefits of Ace’s exacting 
mass production close tolerances low, low 
costs on a wide variety of 


RODS + TUBES + SHAPES 
in all colors in your choice of 


PLEXIGLAS * LUCITE « ETHYL CELLULOSE 
POLYETHYLENE * ACETATE * BUTYRATE 
in stock . . . or quickly made to your specifications. 
Write, wire, phone for bulletin, samples and prices 

or send specifications, blueprints, for im- 
mediate quotation 


Ad 





PLASTIC & 
Extrusion Molders and Fabricators 


91-62 Van Wyck Expressway, Jamaica 35, N.Y. JAmaica 3-5500 . 





PLASTIC STAMPINGS 


WASHERS ° SPECIALTIES * GASKETS 









Phenolics 
Nylon 
Polyethylene 
Acetate 


Vinylite 
Fibre 
High Impact 
Polystyrene 


PLASTIC STAMPING 


2216 W Armitage 


MOLDING CORP. 


Ave Chicago 47, Illinois 





allowing approxi- 


D’ CORATING FILM AND SHEETING 


ARMITAGE 6-9588 


461 











ROEHLE 


L 


Reis embossing starts with 


superior quality rollers and plates. 


When you emboss from 


Roehlen rollers and plates 


you are sure of 


the best possible embossing, 


valley printing, tipping and shading. 






N ENGRAVING WORKS 
. And Mates 


324 ST. PAUL ST., ROCHESTER 5, NEW YORK 














PLASTICS 


SHEET - RODS - TUBES - BALLS - FILM 


IN STOCK 


SIGNS: Outdoor, Directional, Name Plates, 
Room Numbers, Edge Lighted for Hotels, 
Institutions, Department Stores, Banks, Rail- 
road Depots 


MOLDED LETTERS—FORMED LETTERS: for 
making your own signs. All sizes, 1," to 
48” 


Write for Sign Circular 


AUBURN PLASTIC ENGINEERING 


4914-24 South Loomis St., Chicago 9, Illinois 


SERVING THE PLASTIC NEEDS OF COMMERCE AND 
INDUSTRY . . . INSTITUTIONS . . . ARCHITECTS 





DISTRIBUTORS of: 


Plexiglas Teflon 
Lucite Butyrate 
Acetate Vinylite 


Polystyrene Phenolic 
Polyethylene _—Filon Fiberglass 
Nylon Cements 


FABRICATORS of: 


Hotel, Bank, Store Interiors 
Merchandising Displays 
Chemical & Plating Tanks 
Oil Level Gauges 

Sight Gauges 

Signal Lenses 

Machinery Guards, Windows 
Truck, Cab, Bus Windows 
Boat Windshields 

Airplane Windows 
Dividers—Showcase 

Special Boxes 


WRITE FOR CATALOG E-2 














mately % in. clear material be 
tween the hands. Relative adhe- 
sion of the ink to the plastic can 
be observed after the motion of 
both hands in opposite directions 
for a given number of cycles 
wrinkles the film. Simple mechan- 
ical devices have also been devel- 
oped to perform this test. Here 
again, relative standards can be 
set up to determine the quality of 
each ink. 

Having assured himself of the 
quality of his inks, the printer’s 
second concern must be for the 
uniformity and surface condition 
of his plastics material. Changes 
in the nature of the surface are 
often sources of printing problems. 
These can sometimes be traced to 
variations in manufacturing con- 
ditions or to changes in plastics 
formulations made for a specific 
purpose. An example of the first 
case is the irregular treatment of 
polyethylene film. An instance of 
the second case is the formula- 
tion of vinyl film with too great a 
proportion of spewing secondary 
plasticizers or lubricants. Only 
continuous testing by the printer 
and an appreciation of print- 
ing problems by the _ supplier 
will minimize these occurrences. 
Standard test procedures for 
plastics printability can be estab- 
lished. One lot of ink, of one par- 
ticular color, must be selected as 
a standard. Prints of this ink on 
batches of plastics should be sub- 
ject to the various types of tests 
discussed above. 


References 


Consult the Subject Index for 
additional information on proc- 
esses and equipment for decorat- 
ing plastics film and sheeting. For 
sources of materials and of equip- 
ment for decorating film and 
sheeting, see Directory Index, p. 
1084. 

“Heat-sealing of polyethylene 
film,” by R. M. Knight and W. U 
Funk, Mopern Ptastics 35, 133 
(Dec. 1957). 

“Valley printing on film,” by 
H. C. Felsher, Mopern PLastics 
34, 110 (July 1957). 

“Metallized plastics expanding 
into new fields,” MoperRN PLASTICS 
34, 252 (May 1957). 

“Plastics steal the picture.” 
Mopern Ptastics 34, 141 (Mir. 
1957). 
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NEW AND BETTER FLEXITUF CUPS * 
FOR PUMPS, AIR CYLINDERS 
AND HYDRAULIC APPLICATIONS 


Flexituf is a special formulation — resistant to oil and 
chemical action — that assures long life and positive 
operation in cups and gaskets. Self lubricating if 
desired. Can be formulated for unusual operating con- 
ditions. Prompt shipment of standard sizes — specials in 
any quantity at low cost tooling. Write for samples and 
details. 


Fabrication, Molding and Extrusion 


Any item fabricated in plastics to your specificatjons. 
Custom extrusions. Long and short injection runs at low 
prices. 


‘ 
ye 
t 


|. E. BARRON PLASTICS, INC. 4 oie otis 











STYRENE ~ 

Rubber-Modified Styrene Sheet 
$-300 Styrene Sheet — A strong but 
lightweight sheet that can be made to take 
complex shapes by vacuum forming, or any 
conventional forming technique, with 
speed and economy on low cost dies. 


$-540 Styrene Sheet — |s similar to $-300 
but with exceptionally high impact 
resistance. Many applications in toys, 
displays, appliances. 


Copolymer Styrene Sheet 

$-1029 — An extruded styrene sheet 

with higher strength, greater color control. 
It has outstanding impact resistance 

even at temperatures as low as —40F. 
Copolymer also has high tensile and flexural 
strength, and a relatively high heat 
distortion point. Its chemical resistance is 
exceptional, particularly to acids and alkalis. 
Free from internal strain — it is readily 
vacuum-formed into complex shapes. Well 
suited to many applications such as 

machine housings, tote boxes, luggage, and 
photo trays. 

All of these styrene sheets come in a wide 
variety of ‘‘built-in" colors. Finishes include 
mat, glossy, and new, simulated woodgrain. 
it's easy to paint, silk-screen or embcss. 


CELLULOSICS 


A-130 Cellulose Acetate — Noted for 
its strength and toughness. The sheet is 
excellent for vacuum forming. Ideal for 
blister packs. The film is used extensively 
in wraps. 

B-120 Cellulose Butyrate — Has 
exceptional strength in thin sections . . . can 
endure long exposure. Applications in 
displays and outdoor signs. 

E-100 Ethyl Cellulose — Highest thin- 
section toughness of all . . . maximum 
dimensional stability . . . minimum water 
absorption . . . light in weight. 


new data 
on CAMPCO plastic sheet 


and film 


The range of Campco applications is almost without limit. We would like to work with you 
in making the best use of these versatile materials. Write or phone today. 


CAMPCO DIVISION OF 


CHICAGO MOLDED PRODUCTS CORP. 


2709 Normandy Avenue 
Chicago 35, Illinois 


NOTE: See the Directory Section for particulars 
on Chicago Molded's unmatched custom 
molding services for plastics of all kinds. 


























PROPERTIES 


Specific Gravity 1.30-1.32 
Specific Volume, cubic inch per Ib. 20-23 
Tensile Strength, Ibs. per sq. inch 8000-12000 
Compressive Strength, Ibs. per sq. inch 
15000-30000 
Impact Strength, 
ft. Ibs. per inch of notch (Izod Test) 0.40-0.50 
Modulus of Elasticity, Ibs. per sq. inch x 105 4 
Thermal Conductivity )104 cal., 


MACHINING CHARACTERISTICS 


Drilling: High speed vertical drill. 

Tapping: On vertical or horizontal machines. 
Turning: 450 to 600 RPM regulated to surface 
speed of 600 /minute. No special tool materials 
necessary. 

Stamping: Roll leaf method usually used. 


Cutting: Use abrasion cut-off wheels with water; 

polish by hand or tumbling. 

Polishing: Use double spindle buffing lathe 

with soft muslin discs. 

Grinding: Abrasive form wheels for bevels, 
adii, other finishing touches not usually in- 
uded in rough castings. 


awing: Band saw at 1200° to 1500'/minute 
sing blower and changing saws frequently 
) cool. 


‘he Marblette 















per second, per square cm/1° C. per cm 3-5 


Thermal Expansion 105 per degree C. 8-11 
Specific heat, cal. per degree C. 

per gram. 0.3-0.4 
Heat resistance, °F. 170° 
Water absorption, % by weight, 

48 hours 0.4-0.6 


Volume resistivity, ohm-cms 

(50% relative humidity and 25° C.) 10!2.190!3 

Breakdown Voltage, 60 cycles, 
volts per mil. (instantaneous) 

Dielectric constant, 108 cycles 5-7 






Tumbling: Wet tumbling for very rough articles; 

dry tumbling is equivalent to ashing and most 

frequently used; grease or wax tumbling pro- 

duces high lustre. 

SHAPES AVAILABLE FROM STOCK 
MOLDS 


Rods: Round, fluted, square, four-leaf clover, 
scalloped, eight-corner ‘‘square’, three-leaf 
clover, oval, three point, octagonal, half round, 
quarter round, hexagonal. 


Sheets and slabs 
Sheets between glass 


Rectangular shapes ° 
Cylinders ° 
—Ail in wide range of sizes, lengths and/or 
diameters. 
Many open special shapes are also available, 
such as: cutlery handles, kitchen utensils han- 
dies, pipe stems, clock cases, automotive trim- 
mings, furniture trims, lamp parts, jewelry items, 
buttons, many others. 






Since 1929—liquid and cast phenolic resins—epoxy resins 


Corporation 


37-00 Thirtieth Street, Long Island City 1, N. Y. 





sheli and ivory. 


Marblette can be had in transparent, translucent and 
opaque forms in an infinite variety of plain colors and 
mottled effects. 

Marblette can be supplied in water-clear form known 
as “Crystle” which is also made in a wide range of 
colors and shades. 


Effect of Ageing 


300-450 
Color Possibilities 





Marblette Cast Phenolic Resins 


Marblette is a pure, synthetic resin, unlike molding 
powders which are mixed with large amounts of fillers. 
Marblette is sold in sheets, rods, tubes and special 
shapes in forms and colors designated below. 
Jewei-like depth and complete color range enable 
Marblette to duplicate the appearance of such precious 
stones as amber, jade, coral, etc., as well as tortoise 









Power Factor, radio frequencies 1-4.5 
Power Factor, 60 cycles 0.10-0.15 
Refractive Index Nd 1.5-1.7 


Burning Rate Nil 


Effect of Weak Acids No effect 
Effect of Strong Acids None to slight effect 
Effect of Strong Alkalies Decomposes 


Hardens & Yellow’ 


Effect on Metal Inserts None 
Machining Qualities Excellent 
Clarity Waterclear, Opaque, Translucent 


Unlimited 





SPECIAL CASTINGS MADE TO CUS- 
TOMERS’ SPECIFICATIONS 


If you desire castings which are not available 
from stock molds, special shapes can be made 
to your specifications, providing draft is all one 
way. Such special molds can be designed and 
produced quickly—within three weeks—and at 
a cost far less than for any other type mold. 


ENGINEERING SERVICE 


For further detailed information covering any 
of the above, consult the Marbiette engineering 
staff which offers its services and counsel to 
help solve your prob- 
lems. Years of exten- 
sive experience with 
all types of production 
problems have quali- 
fied them to assist you. 





CHICAGO + DETROIT + LOS ANGELES 
MONTREAL + WICHITA » HAVANA 
































Always a 
dependable Source! 


CONTACT... 
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PLEXIGLAS Bf 
NYLON BY 
TEFLON BY 


Wew 64-page Catalog VINYLITE BY 
Pars” see ACETATE [ 


, | POLYSTYRENE &Y 
Catalog lists complete specifications, dimensions, 
colors and prices of industrial and decorative 
plastic sheets, rods, tubes, etc. — either cast, ex- . 0 LY E T H Y L E N E Vv 
truded, molded or laminated. Plastic coatings and 
fabrication supplies are also included. _ BE 


Commercial Plastics and Supply Corp. For the Electronics Industry FABRICATION DIVISION 


630 Broodway, New York 12,N. Y 
Gentlemen we also stock Our Comco Division is a complete custom serv- 
MELAMINE, SILICON, ice for the precision fabrication of both thermo 


plastic and thermosetting plastic materials. Parts 


EPOXY LAMINATES assemblies and products are produced to exact 


blueprint specifications. Write for details! 
— VULCANIZED 


COMCO PLASTICS, inc. 
FIBRES AND 97-24 Albert Road Ozone Park 17, N.Y 


ISH PAPERS Phone: Michigan 1-0934 


COMMERCIAL 
Sremerte™sco0 PLASTICS AND SUPPLY CORP. 
630 BROADWAY, NEW YORK 12, N.Y. 


Branch Warehouses: Newark, N. J., 170 Malverne St. « Pittsburgh, Pa., 119-9th St. © Miami, Fla., 3801 N.W. 2nd Ave. 
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(10 64-pg. Catalog & Price Schedule ‘Plastics for Industry’ 
© “Sq. Ft. Converter Chart’ for sheets up to 67" x 102” 
(1 “Plastics Properties Chort 
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NIXON THERMOPLASTIC SHEETS IN USE 
PROVE THEIR QUALITY AND FITNESS 


for all methods of forming and fabricating 


| Husbands | Reel ote Futurama 
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NIXON CELLULOSE ACETATE 
BUTYRATE 
is a particularly rugged material. 
Vacuum formed at very low cost 
for attractive counter display, 
butyrate sheet can be relied upon 
for clarity and protection. Majes- 
tic Creations, Inc., Woodside, N. Y. 
Metalized butyrate creates a shiny 
“gold” replica of lipstick case. 
Coating Products, Englewood, N. 7. 
Used for clear, precise drawing 
instruments, it will not craze or 
deteriorate with age. Cardinell 
Products, Montclair, N. 7. 





NIXON RIGID VINYL 
is expertly formulated to withstand 
heat, rough handling and has high 
dimensional stability. Here it 
creates a dramatic, full-color, il- 





luminated point-of-purchase dis- 
play. Figures stand 65” and 45” 
high. Vacuum formed by Majestic 
Creations, Inc., Woodside, N. Y. 
Sturdy, flexible binder covers 


NIXON HIGH-IMPACT 
STYRENE, frame and base of 
this display, was specially formu- 
lated for well-defined printability 
and embossing. 






come in a variety of colors. General 


Binding Corp., Northbrook, Ill 















NIXON CELLULOSE ACETATE 
provides visibility as well as protec- 
tion and adds sparkling sales ap- 
peal to quality power tools. Vacu- 
um formed by Klear-Form Pak, Inc., 
Baltimore, Md. 

Also available in a whole wide 
range of smart colors and combi- 
nations for lustrous ophthalmic 
frames. American Optical Co., South- 
bridge, Mass. 





NIXON CELLULOSE NITRATE 
to the ophthalmic industry is as 
important as ever for its many 
beautiful effects and excellent fit- 
ting characteristics. Here are ex- 
amples of classic and fashionable 
styles by American Optical Co., 
Southbridge, Mass. 

For precision dice nitrate sheet 
is standard material. on 








YOUR SOURCE FOR EVERY KIND OF FINE FORMABLE SHEETING 


rii XO ...s::-; 


NIXON NITRATION WORKS + FOUNDED 1898 » NIXON, NEW JERSEY 

Phone — New Brunswick Charter 9-1121, Metuchen Liberty 9-0200, New York Ext. WOrth 4-5290. Chicago Office, 510 No. Dearborn St., Michigan 2-2363 

St. Louis, C. B. Judd, 3687 Market St., JEfferson 5-8082. Cleveland, E. H. Alexander, 20605 Kings Highway, Wyoming 1-2863. Leominster, Mass., 
C. A. Dovidio, Phone 7-2120. Canadian Distributor: Crystal Glass & Plastics Ltd., 130 Queens Quay East, Toronto, Ontario. 
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tough, versatile 








Royalite the sheet fabricating material 


that turns designers’ dreams into practical realities 


Is the case, cabinet, cover or other part of your 
product now made of a material which leaves 
something to be desired in... 


Economy? Royalite® assures exact, inexpensive 
prototypes... lower tooling, finishing and assem- 
bly cost... fewer operations. 


Beauty? Royalite molds readily to shape, detail 
and contour... retaining its eye-catching, sales- 
appealing color and texture. 


Durability? Patented compounding of thermo- 
plastic fortified with rubber gives never-before 


U> 


wearability. It’s super-tough to resist impact... 
yet weighs less than any metal. Custom formulized 
to meet specific needs such as oil and chemical 
resistance, moisture-resistance, and performance 
at extremes in temperature. 


> There is a Royalite sales engineer in your 
* area. If you would like to have this special- 
- ist call on you, please write United States 
* Rubber Company, Royalite Division, 
- 2638 North Pulaski Road, Chicago 39. 


eevee ee eee eeereeeeeereeeeeeeren ere eee 


United States Rubber 


2638 N. Pulaski Road, Chicago 39, Illinois 








“ee Fh. MOVIGIO, FRONG /-2146V. VONAGION 27/18 OUto#®r: —rysial Wilass Go Fiastics Lic., 13V Vueens Vuay East, loronto, Unterio. 








Acetate Sheeting... 


the perfect plastic material for blister and skin packaging. JODA extruded 
acetate sheets, rolls and film in light to heavy gauges—translucent, 
transparent or opaque—are excellent for vacuum forming. 


Shown here are two typical applications of this versatile material— 
a stock round container and cover with unusual embossed 

design, and a blister package for a brush and comb set. 

Both provide first-rate protection and perfect product 

visibility—both are designed to INCREASE SALES. 


BUTYRATE and LINEAR POLYETHYLENE available in standard sizes. 


For information and samples, contact 


JOSEPH DAVIS PLASTICS CO. 





430 Schuyler Ave., ail = << aware 
Kearny, N. J. . 


Phone WYman 1-0980-0981 
N. Y. BArclay 7-6421-6422 


Sales Representatives 
Conveniently Located. 


Cable == Buse? 


469 





















PLASTICS 


When you're aiming for a bull’s- 
eye on product quality, performance 
and results, let us join your team. 


Our controlled manufacturing standards 
assure you the ultimate in uniformity, quality 
and reliability. 


Polymer’s specialized engineering service can 
provide complete technical assistance from 
product design through final production. 


And it's all backed by the integrity of The 
Polymer Corporation—known world-wide for 
its pioneering and development leadership 
in the field of industrial plastics. 


20] 8 414) (ee. 
INDUSTRIAL 










STOCK SHAPES 


POLYPENCO Nylon: rod, strip, tubular bar, plate, 
tubing, hexagonal and square rod 


NYLAFLOW® Pressure Tubing: ao specially proc- 


essed flexible polyamide tubing for conveying 


air, gases and liquids 


POLYPENCO Teflon*: rod, tubing, tape, sheet, 
spaghetti tubing, large diameter thin wall tubing 


POLYPENCO Q-200.5 (cross-linked polystyrene): 
rod and plate 


POLYPENCO K-51 (chlorinated polyether): rod, 
strip, tubular bar 


FERROTRON® Ferromagnetic Materials: A supe- 
rior powdered iron filled plastic—available in 
rigid cores and flexible rod and tape 


*Du Pont Trademark 


. from The Polymer Corporation of Penna 
* 
POWDERS for Molding and Processing 


NYLATRON®: specially compounded nylon mold- 
ing powders 


CORVELT Fusion Bond Finishes: plastic powders 
to clad metals with superior uniformity and 
durability, specially processed for the 
WHIRLCLAD Finishing Process 


tPolymer Corporation trademark for finishing materials 


from National Polymer Products, Inc 
* 
WHIRLCLAD® Finishing Process 
For the improved application of CORVEL Cellulosic, 
Vinyl, Epoxy, Nylon, Polyethylene and Polyether 


resins to metals and other base materials 


licensed by Polymer Processes, Inc. 
* 


FLUOROSINT"*: a TFE fluorocarbon base resin avail- 
able in molded parts 


NYLASINT™®: cold pressed and sintered nylon parts 
*Trademark of The Polymer Corporation 


from Halex Corporation 





THE POLYMER CORPORATION OF PENNA. 
NATIONAL POLYMER PRODUCTS, INC. 
POLYMER PROCESSES, INC. 

HALEX CORPORATION 


Subsidiories of THE POLYMER CORPORATION 
Reading, Pa. 


= 


WRITE TODAY FOR MORE COM- 
PLETE INFORMATION ON ANY 
OF THESE PRODUCTS 








Export: POLYPENCO, INC., Reading, Pa., U.S.A. 
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Linc Sheet displayed here is 54” by 120” . . . of rigid vinyl 


MA inions have admired the beauty and versatility of Linc deco- 
rative laminates in House Beautiful’s “House of the Year”. . 
and at the Brussels World’s Fair where Linc clear rigid viny] sheet- 
ing was used as the exterior wall of the United States Pavilion. 

Now—let Laminations, Inc., tailor its big Line sheeting to your 
specialized needs! 

Flawless-surfaced Line sheeting is made in widths from 48” to 
54” and lengths from 120” to 144”... in 10 mil to 1” thicknesses 

. of polyvinyl chloride, rigid vinyl, and videne. 


You can obtain Linc Sheets with pressed polished or matte finishes 
on both sides—or in combination, with one side pressed polished 
and the other side matte. Only a bare minimum of trimming is 
required. 


To find out more about our big Linc sheets, just send us a brief 
outline of your intended application. 


LAMINATIONS, 


1008 South Irving Avenue 
Diamond 3-7921 


ig Linc sheet! 


Pe 


Available From Stock 


Clear and Colored Sheeting—High 
and Low Impact PVC in 50’’x120” 
Sizes. 


PRESS POLISHED sheets for graphic 
arts applications, in sizes up to 
54” by 120”. 


EMBOSSED sheets for structural 
and decorative uses, in sizes up 
to 48’ by 144”. 


LAMINATED sheets with paper, 
fabric and other embedments, in 
sizes up to 54°” by 120”. 


INC. 


Scranton 5, Pennsylvania 
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Custom 
Perforating 


—on all types of flexible materials, 
rigid sheets, and foam. 



















: plastics . 
cellophane | |f] Sheets and rolls 
paper ” 8 
tobrics | UP to 72” wide 
rubber 


Whatever your perforating needs, PERFORAT- 
ING INpustRiEs has the specialized equip- 
ment and know-how to handle the job. Rely 
on us if you’re looking for quality workman- 
ship, prompt delivery, and fair pricing. 
For a quick quotation, write to us and in- 
clude the width, gauge and quantity of ma- 
terial you want perforated—and at the same 
time, ask for your free copy of Catalog #57. 


Perforating H ndustries, inc. 








LOW COST WAY 
TO MAKE FRIENDS 
AND INFLUENCE SALES! 


e@ Reprints of articles and features that appear in 
Modern Plastics are often surprisingly inexpen- 
sive when ordered in quantity. Many companies 
make it a practice to have stories which have a 
bearing on their business reprinted for distribu- 
tion to their own personnel, customers, prospects, 
stockholders, or to other interested groups. 
Whenever you see editorial matter of this type 


in Modern Plastics magazine or the Encyclo- 


NEW PIERCE MARKER 


for Plastic Sheet Film 
Inter-Instant or Continuous Marking 


pedia Issue which you can use in reprint form, in 
quantities of 200 copies or more, write and quota- 
tions will be furnished promptly. 


New precision-built Model HSP-12 Plastic Marker ® Friction driven 


—free running * Prints 12’ measure and/or 12” of marking 


* Makes clean, sharp impressions from rubber type ® Self-inking— INDUSTRIAL MAGAZINE SERVICE 
fast drying * Adjustable scraper for ink control * Auxilliary wheel An Affiliate of Breskin Publications 
drive for use on thin plastic sheet film 
Write for full details, prices 
PIERCE WRAPPING MACHINE CO. 
1100 E. 31st St., La Grange Park, Ill. 


575 Madison Avenue 


New York 22, N. Y. 
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Plastic Extrusions 





eS gee eee... \\ gm Patterned Panels 


Compression Molding 


SOPLASCO’S designers and craftsmen offer. outstanding service in creativity to suit your 
most exacting needs. The blending of imagination and engineering skills produces optimum 
results. Wide thermoplastic sheets, either plain or embossed, or standard products will meet 
every test for quality within specifications. Consult SOUTHERN PLASTICS COMPANY for 


all your plastic extrusion requirements 
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Heres deep, ~ 
deep drawing 
to brag about 4. 


= 


Kodapak Sheet 


MAKES 
GOOD MERCHANDISE 
BETTER 


ork for € 


Pcdention of transparent 12-pointed stars is simplified for the 
Atmos Plastics Company, Providence 5, R.I., by the use of Kodapak 
Sheet—and by its drawing characteristics ! Crystal-clear 30-gauge 
Kodapak II is drawn to form five-sided star points which are clicked 
out, unwebbed, ready for assembly. Cemented together, these pro- 
vide a new way to sell flowers... a distinctive decorative motif. 


Perhaps the deep drawing characteristics of Kodapak Sheet can 
help you to improve production of packaging specialties, advertis- 
ing displays, other items. For further information about the uses 
and characteristics of Kodapak Sheet, call or write 

Cellulose Products Division 
EASTMAN KODAK COMPANY, Rochester, 4, N.Y. 


Sales Offices: New York, Chicago, Atlanta. Sales Representatives: Cleveland, Providence, 
Philadelphia. Distributors: San Francisco, Los Angeles, Portland, Seattle (Wilson & Geo 
Meyer & Co Toronto, Montreal (Paper Sales Ltd.) 





Standard sheet size 48” x 96” — gauges 

from .050” to 2.0”—Seilon CR... 

Oe cee Boss VE eee BEE cea 
. ETH ...ETH-R... PRO. 
















Widths to 54”, calendered rolls or 
sheets cut to size. Seilon CR ... Hi 
in iiiessé WOoow BE 200 was 
S-3. 


Widths to 48”, gauges from .020” to 
.250”, extruded rolls or sheets cut to 
size. Seilon S-1 ...S-3...S-12... 
ETH...ETH-R... PRO. 


SEILON DESCRIPTIONS AND APPLICATIONS: 


SEILON is the Seiberling trade-name for i< Senn 1 90S cereden. 


a quality family of rigid thermoplastic Hi—Type II PVC corrosion. % 
a a aid . t f . ti . ti } 
sheets. You will find that SEILON is easy LE—Copolymer viny! sheets for printing, laminating and i 
vacuum forming. ‘ 

to form, easy to work, and can be welded VHI—Highest impact copolymer viny! sheets for printing, 
with ease. We will be glad to send you laminating and vacuum forming. + 
‘ , TTT—Highest impact PVC sheets for printing, laminating s 
complete information. and vacuum forming. 2 


$-1—High impact polystyrene. ‘ 
Seiberling Plastics Division is adaptable to $-2—Super high impact polystyrene. 
customers’ requests—and we will wel- $-12—Extra high impact polystyrene with properties be- 
tween S-1 and S-2. 
$-3—Tough thermoplastic ABS polymer for vacuum forming. 
on individual specifications of properties, ETH—Extruded polyethylene for vacuum forming; also for 
fabrication of corrosion-resisting equipment. 





come the opportunity to consult with you 


eae x — 
Seeeee, colors and finishes for tae ETH-R—Extruded rigid high density polyethylene for vacuum 
products. forming and fabrication. 


PRO—Extruded polypropylene. 


. SE ! | 
‘BERLIN RUBE, Comp, « 
a © Sing - ~~ 
4 ana Tray 








Plastics | 





Sa yas 





Division 
SEIBERLING RUBBER COMPANY 


NEWCOMERSTOWN, OHIO - PHONE 8-83'4 


476 




























CADILLAC HAS EVERYTHING IN PLASTIC 





AMERICA'S LARGEST PLASTIC STOCKS 
RODS PLEXIGLAS®- VINYLITE®- NYLON - ACETATE - STYRENE - MYLAR® 
POLYETHYLENE - PHENOLICS - TEFLON®- KEL-F - FIBERGLAS®- ACRYLIC 
S H a ETS We can supply anything in clear and colored plastic material. 
T U F3 ES Fully stocked warehouses within overnight shipping distance from every major U. S. city. 


Cadillac's experienced engineering staff is geared to help you determine the plastic 
materials you need. 

OUR CADCO BRAND 
Cadillac mass-produces a wide variety of “Cadco” cast acrylic rods, tubes, block and 


® Registered Trademarks , . ° . ‘ 
extruded sheet. Available optically clear and in a wide variety of colors. 


PROMPT DELIVERY 


ee ee 4 
CADILLAC PLASTIC and CHEMICAL COMPANY | caditicc riestic ond chemical Co | 
Detroit 3, Michigan, 15111 Second Blvd y Gent oni sTeeuahie | 
30 6, Illinois, 727 W. Lake St St. Lovis 3, Missouri, 211 Olive St | OH w 0 | 
and 13, Ohio, 3333 Detroit Ave Kansas City, Missouri, 1517 Grand Ave. CJ's C) f | 
nati 10, Ohio, 1200 Walnut St Dallas 7, Texas, 2546 Irving Blvd | , maintenance | 
M skee 2, Wisconsin, 517 N Broadway St. San Francisco 2, Calif., 652 Polk St | OF : soto of xtruced sheet 
Los Angeles 57, Calif, 2305 W. Beverly Blvd | Nome a 
10 WAREHOUSES TO SERVE YOU) [| *—__— ——a 
| 
C i ee — 
WRITE FOR FREE BOOKLETS... (ete 4 














from 


comes the easiest to use 
plastic sheeting for vacuum-forming 


where cost is a factor... 

where quality is demanded... 

rely on the plastic sheeting that fills the 
bill on every count 


TRANSPARENT 
translucent TRANSLUCENT 
OPAQUE 





and other plastic sheets for vacuum- 
forming, fabrication, general 
opaque industrial application. 

Light to heavy gauge sheets and/or 
rolls cut or slit to size. 


Custom lamination of plain, industrial 
or decorative material. 








ASTICS CORP 


® (SUBSIDIARY OF PLASTIC HORIZONS, INC.) 
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High impact polystyrene, polyethylene 
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We carry 
| these plastics in see. ie 
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| Available in all ga <n Bx 
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TRA NSILWRAP 


4427 North Clark Street - EDgewater 4-8115 + Chicago 40, Illinois 
Eastern Division: 1646-49 Henvis Street « DAvenport 9-2241 « Philadelphia 40, Pennsylvania 
Southwest Division: 1201 Levee Street « Riverside 1-3415 « Dallas 7, Texas 
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THE 


NAME 


ORNBUSCH 





















SYNONYMOUS WITH 


THE FINEST WORKMANSHIP, 


THE GREATEST SKILL, 


THE HIGHEST QUALITY, 


IN EMBOSSING, PRINTING, AND 


FINISHING EQUIPMENT, 


ENGRAVED PLATES AND ROLLS. 







INGLER- ~~ ORIN, inc 


exclusive USA and Canadian representatives 


The largest selection of grains, 
textures and designs await your inspection 


at our New York showroom 


315 Fifth Ave., New York 16, N.Y. 








The perfect parting agent 
for 


epoxy and polyester resins: 


Mono-Sol Polyvinyl Alcohol Film 


Types: Standard-Hot Water Soluble (HWS) 
‘Thicknesses: 1 to 12 mils. Widths: up to 54”. 


| 
| 
| 





Contact Your Nearest Distributo) 


East Coast: P-V-A Industries, 224 E. 38 St., 
New York 16, N.Y. 


Central States: Cadillac Plastic & Chemical Co., 


15111 Second Blvd., Detroit 3, Mich. 





South: Airco Supply Co. of Wichita, 
P. O. Box 828, Wichita, Kan. 


Delta Products, 1400 Henderson St., 
Ft. Worth, Texas 


West Coast: 






Seaman Products Co., Burbank, Calif 


Hastings Plastics Co., 
Santa Monica, Calif. 


MONO-SOL CORPORATION 
Gary, Ind. 
Chicago office: 300 W. Adams St. 
Pioneers in Band Casting PVA Film 

























Specialists in Custom Extrusions 


BY A GRADUATE ENGINEER 


RODS 





POLYETHYLENE FILM 


TUBES BAGS 
SHEETING LINERS 
SHAPES TARPAULINS 


Custom Extrusions In All Plastics — Many Stock Dies 
Design And Consulting Department 
Die And Machine Making Facilities 


LOW PRICES 
QUICK SERVICE 
HIGHEST QUALITY 


Reliance 


PLASTIC & CHEMICAL CORP. 
108 KEARNEY ST. 


PATERSON 26, N.J. 


SHerwood 2-70°4 
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Fillers and Reinfo 


(Listings do not necessarily cover entire lines of advertisers nor 


ADVERTISERS’ INDEX 


EDITORIAL TEXT FOR THIS SECTION BEGINS ON PAGE 482 


ASBESTOS FILLERS 
Johns-Manville Asbestos Fibre Div. . 
Powhatan Mining Company 


COTTON FILLERS 
Claremont Flock Corporation 
Plymouth Fibres Co., Inc. 
Rayon Processing Co. of R. | 


MATS 


Famco, Inc. 


MINERAL FILLERS 

Diamond Alkali Company 

English Mica Co., The . 

Georgia Kaolin Company 

Hayden Mica Company 

Minerals & Chemicals Corp. of America 


PRE-IMPREGNATED MATERIALS 

Coast Manufacturing & Supply Company 
Electro-Technical Products, Div. of Sun Chemical Corp. . | 
Sandman, Eli, Company 

Standard Insulation Company 


REINFORCING MATERIAL 

Coast Manufacturing & Supply Company 

Ferro Corporation, Fiber Glass Div. 

Flightex Fabrics, Inc. 

Modiglass Fibers, Inc. .............. ited de 
Pittsburgh Plate Glass Co., Fiber Glass Div. ... 
Polyplastex United Inc. ......... 

Troy Blanket Mills 

Wellington Sears Co. 


SISAL FILLERS 


Standard-Union Fibre Company 


SPECIALTY PAPERS 

Mosinee Paper Mills Company 
SURFACE COATINGS 

Rayon Processing Co. of R. I. ..... 





F in: vary widely in compo- 
: sition, physical form, and cost. 
Their utility is determined almost 
entirely by the physical, chemical, 
and electrical properties of the 
product obtained by molding the 
mixture consisting of resin, filler, 
and other essential ingredients. 





impact values 


Since fillers reduce brittleness 
(increase resistance to impact), 
phenolic molding compounds are 
often classified in accordance with 
the relative impact strengths of 
the molded products. Unfortu- 
nately, the impact values are 
usually based on the brittleness of 
notched specimens, even though 
the elimination of notches is a 
basic requirement for good plas- 
tics design. 

In the absence of related end- 
use knowledge and experience, 
the published impact data are of 
limited value in the selection of 
specific types of molding com- 
pounds. At best, these values are 
relative. 

A specimen molded from 
A.S.T.M. Type 6 phenolic mold- 
ing powder, having an impact 
value of 4.0, is less brittle than 
one molded from Type 2, which 
has a value of 0.24. It is errone- 


* President, Loven Chemical of California, 
23874 S. Pine St., Newhall, Calif 

The assistance of the following ‘who aided in 
the preparation of this article is greatly 
preciates:: J. Baum, W. P. Rennets, “ A. = 
acca, Loven Chemical of we ‘ Brotz, 
Plastics En ineering Co.; R. Booty, Booty 
Resineers, Inc. w. i Plastics and 
Coal Chemicals ‘Div., Allied Chemical Corp.;: 

W. Hammer, Jr., Durez Plastics Div., Hooker 
Electrochemical Co.; Meadowcroft, 
Weyerhaeuser Timber Co. 

Also greatly a dey eT are the additional 
contributions m . A. 2 oes, 
Brown Co.; Godfrey L. C. . 
Steinfield, Casement” Flock Con. The’ English 
Mica Co.: Mineral & Chemicals Corp. _of 
America: Powhatan ee Co.; and The 
ogee Processing Co. of I. 

eferences were ene by the editors. 
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ous, however, to state that Type 6 
has an impact resistance 16 times 
greater than Type 2. 

Impact values are very useful 
in checking quality and consist- 
ency within a general class of 
molding compositions. But it is 
incorrect to assume that different 
molding compounds with similar 
impact resistance values will ex- 
hibit comparable resistance to 
physical damage under actual 
conditions of use. 

Obviously, other properties 
must also be compared in the 
selection of molding compounds. 


Types of fillers 


As might be anticipated, many 
of the commercially used fillers 
are fibrous in nature. They may 
be naturally occurring minerals, 
such as asbestos, or organic mate- 
rials, such as wood flour or cotton 
flock. 

The organic fillers are some- 
times classified as cellulose de- 
rivatives, lignin, protein, and car- 
bon. These may be subdivided as 
shown in Table I, p. 483. Inor- 
ganic or mineral fillers are usu- 
ally described generically. 

Wood flour: Most of the wood 
flour used as fillers for molding 
compounds is obtained by attri- 
tion-type grinding of soft woods, 
such as Douglas fir, Norway fir, 
ponderosa pine, sugar pine, 
spruce, poplar, basswood, and 
cottonwood. The specific gravity 
of most soft wood flour when 
compressed is approximately 1.4. 
When equal parts of wood flour 
and resin are used, the specific 
gravity of the molded part will be 
approximately 1.35. Contamina- 
tion from knots, bark, and resin 


Fillers for Molding Compounds 


BY RAYMOND B. SEYMOUR* 


spots must be kept at a minimum. 
Moisture should also be kept be- 
low 8% and preferably not over 
5 percent. 

Shell flour: When walnut shell 
flour is used in place of wood 
flour, molded parts with slightly 
lower resistance to impact and 
higher moisture resistance are 
obtained. Shell flour, as well as 
residues from furfural manufac- 
ture, may be used as an extender 
for resin glues, but there is no 
known significant use of these 
products at present in phenolic 
molding compounds. 

Cotton flock: Cotton flock is 
used for the production of me- 
dium-impact molding powders. 
Such products exhibit slightly 
less shrinkage during molding 
than wood flour-filled materials, 
but are more expensive and less 
readily molded. It should be 
noted, however, that dark- 
colored cotton flock (as opposed 
to white cotton flock) can be used 
in dark-shade phenolic moldings 
and costs less than wood flour 
fillers. 

Cotton flock can be prepared to 
exact customer specifications on 
bulk, chemical properties, color, 
and fiber length. 

Macerated fabric: Molding 
compositions containing chopped 
fabric have outstanding resistance 
to impact. These products are ex- 
tremely bulky and are difficult to 
preform and mold. They are find- 
ing considerable use, however, 
when other products with normal 
impact resistance are not satis- 
factory. 

One manufacturer has ex- 
pressed the opinion that fabrics 
which are not cleanly cut, but 
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which have loose fibers on the 
edge of the cuttings, can, in many 
cases, give greater strength than 
cleanly cut materials. The loose 
fibers tend to interlock and do a 
better job of filling the plastic. 

Sisal fibers: Chopped sisal fiber 
may be used alone or with wood 
flour. Sisal-filled phenolic mold- 
ing compound is available in the 
form of discrete chips, in contrast 
to the granular consistency of 
wood flour-filled material. 

Lignin fillers: According to the 
principal producer of ground fir 
bark, substantial quantities of this 
product are used by Eastern 
molding compound manufactur- 
ers. This product is also used ex- 
tensively in the West as an ex- 
tender for phenolic resin glues 
used in making plywood. 

It has been claimed that the 
flow characteristics of bark flour 
products make exceptionally high 
loadings possible. The producers 
of fillers derived from Douglas 
fir bark claim economies as a re- 
sult of a decrease in resin content 
of the resulting molding powder. 

These claims have been sub- 
stantiated by experiments con- 
ducted in molding compound 
producers’ laboratories. One of 
the leading producers of phenolic 
molding compounds for deep- 
draw molding, however, has not 


rial is precision-cut to length 
from virgin fiber; in other cases, 
flock and chopped fabric are made 
from carefully selected waste 
material. The electrical properties 
and impact strength obtained 
can be quite good. 

There has also been some ex- 
perimentation with precision-cut 
saran and random-cut Dynel 
fibers. Production of flock from 
these fibers does not change the 


fibers’ inherent chemical or 
physical characteristics, except 
to reduce physical size. 

Wollastonite is the _ generic 


name for a natural form of cal- 
cium silicate which has been 
adopted as a filler for phenolic 
and other molding compounds. 
Its most outstanding properties 
are its brilliant whiteness, re- 
markable physical and chemical 
uniformity, and fibrous nature. 
Because of its naturally fibrous 
crystalline structure, it may be 
ground in a high-shear mill to a 
very fluffy acicular product. 
When used in phenolic molding 


compounds, Wollastonite im- 
proves the physical properties of 
the compounds. In _ polyester 
molding compounds, high concen- 
trations of Wollastonite impart 
smooth surface, whiteness, and 


low water absorption, without 
exceeding a practical working 
viscosity. 

Manufacturing methods 


Methods of manufacturing each 
of these fillers are as follows: 

Wood flour is produced by a 
process that may be described as 
defibering, rather than by cutting. 
Providing the size reduction is 
not too great, this attrition-type 
grinding preserves some of the 
original fiber structure. The typi- 
cal fiber in 100 mesh wood flour 
is 0.004 in. long and has a cross- 
section of 0.00004 inch. 

Shell flour is obtained by grind- 
ing various shells, such as walnut, 
pecan, or peanut shells. The prod- 
uct is somewhat spherical, rather 
than fibrous, in form. Thus, the 
molded parts obtained have a 





TABLE I: Types of fillers 





Organic fillers 


A) Cellulose derivatives 
1) Ground flours 


a) Soft wood flours (e.g., pine) 
b) Hard wood flours (e.g., maple) 
c) Shell flour (e.g., walnut shell) 
d) Natural byproducts (e.g., cotton seed hulls) 
Cellulosic fibers 
a) Cotton flock 
b) Alpha-cellulose 
c) Sisal fiber 
Comminuted cellulose 
a) Chopped paper 
b) Diced resin board 
c) Creped paper 
d) Pulp preforms 
e) Textile byproducts (e.g., macerated fabric) 
B) Lignin and lignin-extended fillers (including ground bark) 
C) Protein fillers 
1) Protein meal (e.g., soybean meal) 
2) Keratin (e.g., ground feathers) 
D) Nylon filler 
E) Carbon fillers 
1) Graphite 
2) Carbon black 


been able to substantiate these 
laboratory results in actual pro- 
duction; this company found that 
the surface of the last third of 2 
the molded article was unsatis- 

factory whenever deep draws of 

20 to 22 in. were attempted using 

phenolic molding compounds con- 3 
taining bark fillers. 

Asbestos: The bulk of asbestos 
products used as fillers in phe- 
nolics molding compositions are 
classified as “floats.” Molded as- 
bestos-filled products have a high 
specific gravity and possess ex- 
cellent resistance to heat and 
chemicals. 

Amphibole asbestos makes a 
good filler because it has prac- 
tically no water in its composi- 
tion, is acid resistant (about 95% 
insoluble in direct contact with 


~ 


~ 


Inorganic (mineral) fillers 


hydrochloric or sulfuric acid), A) Asbestos 
ind has very low shrinkage B) Mica 
Be oe ‘ ; C) Diatomaceous earth 
Synthetic fibers: Fillers can D) Chalk 


ilso be fabricated from such syn- 
thetic fibers as Orlon and Dacron. 
in some cases, this type of mate- 


E) Glass fibers 
F) Miscellaneous: barium sulfate, litharge, clay, ete. 
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smoother finish, but lower resist- 
ance to impact than those con- 
taining fibrous-type fillers. 

Cotton flock is usually obtained 
by processing cotton clippings. 
Another method is the caustic 
purification of cotton linters. 

Alpha-cellulose is produced by 
a special alkaline treatment used 
in the refining sequence in the 
manufacture of bleached wood 
pulp. Because of its pure white 
color and low density, it is widely 
used as a filler in urea and mela- 
mine molding powders. 

Sisal fiber is generally used as 
a mat which is impregnated with 
a liquid phenolic resin. Prior to 
impregnation, the strength of the 
mat is usually improved by a 
needling process which drives 
tufts of fiber through the mass. 
Chopped sisal fibers are also 
used to increase the impact re- 
sistance of phenolic molding com- 
pounds. 

Chopped paper is usually im- 
pregnated with resin before being 
cut into fragments. Diced resin 
board is produced from sheet 
stock made from a suspension of 
pulp and resin. 

Macerated fabric is produced 
by cutting various types of clean 
cotton cloth into small pieces. 

Lignin fillers may be produced 
from the bark of trees, such as 
Douglas fir, or by extending wood 
flour with derivatives of lignosul- 
fonic acid. Since lignin is the 
natural binder for cellulose in 
wood, the use of such products as 
partial replacement for resins in 
molding powders is possible. 

Soybean meal is prepared by 
grinding the bean residue after 
the extraction of oil. When soy- 
bean meal is used as a partial re- 
placement for wood flour, the 
molded parts exhibit poor resist- 
ance to moisture. 

Keratin products, such as 
feathers, hoofs, or hog bristles, 
are usually calcined before use. 
These products, like lignin, per- 
mit a reduction in the amount of 
resin used in the molding powder. 

Nylon, when used as a filler, 
produces a strong product; how- 
ever, there may be a problem of 
shrinkage during molding. Nylon 
6/6 is supplied both as a flock 
and also as a chopped fabric (for 
higher impact strength). 

Naturally occurring graphite 
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may be added to molding com- 
pounds in order to produce self- 
lubricating bearings. 

Carbon black exhibits little re- 
inforcing action in phenolic resins 
and actually contributes toward 
brittleness. Of course, graphite 
and carbon blacks produce dark 
molded parts. Molded parts con- 
taining graphite have inherent 
lubricity and have been used for 
moving parts such as casters. 
Carbon black is used sometimes 
in small quantities as a pigment. 
The use of acetylene black yields 
molding powders with good elec- 
trical conductance. 

Asbestos is a naturally occur- 
ring fibrous material obtained by 
cleavage of the mineral chryso- 
tile—a form of hydrated mag- 
nesium silicate. ‘ Asbestos im- 
proves the heat resistance of 
molding powders, but increases 
the specific gravity. 

Mica is obtained from the min- 
eral muscovite, a complex potas- 
sium aluminum silicate. This 
filler is readily wetted by most 
resins and is compatible with all. 
It yields a molding composition 
which possesses excellent electri- 
cal and good heat resistance. 

Diatomaceous silica is an amor- 
phous fossil consisting of the re- 
mains of diatoms. It has a lower 
specific gravity than asbestos or 
mica, but is not quite as effective 
as these fillers in improving heat 
resistance and electricals. 

Glass fibers are produced by the 
extrusion of molten glass through 
tiny orifices. Molding compounds 
containing long-fibered glass have 
excellent resistance to impact and 
heat. 

The inorganic compounds, such 
as litharge, barium sulfate, and 
chalk, are seldom used without 
other fillers. They contribute spe- 
cial properties such as high den- 
sity and X-ray opacity. 


Compounding techniques 


Whenever the filler is available 
as a readily wettable powder, it is 
generally mixed intimately in a 
ribbon blender with approxi- 
mately an equal weight of phe- 
nolic resin previously com- 
pounded with other ingredients. 
When a two-stage resin is used, 
hexamethylenetetramine is also 
added as a curing agent. 

The other ingredients are usu- 








ally present in small proportions. 
The completely mixed formula- 
tion is usually passed between 
steam-heated rolls in order to 
secure a more intimate mixture 
and advance the resin. The com- 
pounded sheet is removed, cooled, 
and ground. The ground powder 
is then passed through sifting 
screens to remove the fines and 
tailings. 

The portion with the desired 
screen analysis is then conveyed 
to a blender to secure large 
quantities of uniform products. 

Some fillers, such as coarse 
fibers and fabrics, cannot be proc- 
essed by conventional methods, 
since the shearing action would 
destroy the desired fibrous struc- 
ture. Fillers of this type are 
usually impregnated with a solu- 
tion of resin, diced, and then 
chopped into small particles. 

The requirements for an ideal 
filler are as follows: 1) Yield 
strong molded parts with good 
impact resistance. 2) Inexpensive 
and readily available in uniform 
quality. 3) Low specific gravity 
in molded parts. 4) Low moisture 
absorption. 5) No _ deleterious 
effects on workmen or molds. 
6) Readily wetted and require 
a minimum amount of resin. 
7) Light color not affected by 
molding temperatures. 8) Odor- 
free and chemically inert. 9) Non- 
flammable. 10) Good thermal and 
electrical properties. 


Properties of fillers 


A critical examination of all 
known commercially used fillers 
will show that none is satisfactory 
on all counts. However, wood 
flour meets many of the require- 
ments and hence is the most 
widely used filler in phenolic 
molding compounds. Since color is 
considered more important than 
cost, alpha-cellulose is the prin- 
cipal filler used in light-colored 
urea and melamine molding com- 
pounds. 

An examination of the empiri- 
cal values assigned for various 
fillers in Table II, p. 485, will give 
some idea of their general useful- 
ness, Since the ideal filler would 
have a rating of 10 for all prop- 
erties listed, its total index value 
would be 90. Under specifications 
for an ideal filler, impact resist- 
ance is listed ahead of cost. How- 
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TABLE Il: Comparative properties of molding compounds with various fillers’ 








Impact Specific Moisture Mold Mold- Chemical Resistance 
Filler resistance Cost gravity resistance shrinkage ability Color resistance toheat Total 
100-mesh pine 5 9 9 6 7 10 9 5 6 66 
80-mesh fir 6 9 9 6 7 10 8 5 6 66 
100-mesh walnut shell 4 9 9 7 6 10 7 5 6 63 
Cotton flock 7 3 9 5 8 8 8 4 6 58 
Alpha-cellulose 6 4 9 4 8 10 10 4 6 61 
Macerated fabric 8 2 9 5 8 6 6 4 6 54 
Fir bark 5 10 9 6 7 10 7 5 6 65 
Soybean meal 3 10 9 3 6 7 7 3 5 53 
Nylon 7 1 10 6 1 6 8 4 6 49 
Carbon black 1 5 5 9 8 6 1 7 7 49 
Asbestos floats 6 8 4 9 9 8 7 7 8 66 
Mica 3 6 4 10 9 4 9 7 59 
Diatomaceous earth 3 6 5 9 9 5 9 7 7 60 
Chalk 3 10 4 9 9 3 10 7 8 63 
Glass fiber 10 1 4 9 9 4 6 7 9 59 
Sisal fiber 6 8 9 5 7 8 9 4 6 62 
No filler 2 5 10 3 3 2 5 7 5 48 
1 Index values from 1 to 10 have been assigned, with 10 being most desirable 
Values have been given equal weights in arriving at totals. 
ever, there are some instances it can be used to obtain marked are filled with mica or with 


where resistance to heat is con- 
sidered more important than 
either strength or cost. In such 
instances, the danger of drawing 
erroneous conclusions can be 
minimized by placing proper em- 
phasis on those properties con- 
sidered critical for specific appli- 
cations. Each index value must be 
weighed in accordance with its 
relative importance for each use. 

With the addition of various 
fillers, properties can change radi- 
cally. An unfilled phenolic, for 
example, has an impact resistance 
(A.\S.T.M. D-256) of 0.25 ft.- 
lb./in. of notch, while a general- 
purpose phenolic (wood flour- 
filled) has 0.30 and a high-impact 
phenolic (macerated _ textile- 
filled), 2.0. Values for other ma- 
terials are listed in the Plastics 
Properties Chart. 


Typical applications 


Molded products made from 
general-purpose phenolic molding 
compounds with wood flour filler 
are those requiring moderate 
heat- and electrical resistance. 

Alpha-cellulose is used as a 
filer in most light-colored urea 


and melamine molding com- 
pounds. 
Alpha-cellulose wood pulp, 


produced by the comminution of 
alpha-cellulose wood pulp, can 
cover a wide range of density and 
fiber lengths. In molding powders, 


improvement in impact factor, 
while maintaining pourability and 
low bulk factor. 

Since alpha-cellulose is itself 
thermally stable to temperatures 
500° F., filled urea com- 
pounds are unaffected by con- 
tinuous 170° F., 
while corresponding melamine 
compounds are good indefinitely 
at 210° F. Even higher tempera- 
tures may be satisfactorily en- 
countered with the darker- 
colored phenolic compounds. 

Alpha-cellulose flock may also 
be used to good advantage in ex- 
tending the relatively expensive 
vinyl resins. Such compounds 
show excellent nonskid character 
and impart resiliency. 

Medium-impact molding com- 
cotton flock 
are molded to form washing ma- 
chine agitators, hair dryer parts, 
and small industrial wheels. Re- 
cently, there has been consider- 
able interest shown on the part 
of manufacturers of vinyl records 
to introduce small percentages of 
cotton flock into the vinyl for 
reinforcing purposes. 

High-impact molding com- 
pounds reinforced with macerated 
cotton fabric are used to produce 
heavy-duty industrial parts, such 
as pulleys and terminal blocks. 

Articles requiring good resist- 


over 


exposures of 


pounds containing 


moisture are 
molded from compounds which 


ance to heat and 
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asbestos. Because of their excep- 
tional versatility, thermosetting 
resins compounded with appro- 
priate fillers have been used for 
the fabrication of thousands of 
different molded articles. These 
compounds lack the glamour of 
some of the newer materials and, 
like all good “workhorses,” are 
sometimes overlooked until no 
other satisfactory material is 
found. When “rediscovered,” 
these time-tested plastics fill a 
real need. 
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Fibrous Glass Reinforcements 


BY C. J. GONGOLAS* 


<<“ 
RECENT DEVELOPMENTS 














A new treatment (Chemiglaze, Alsynite Co. of America) for 
fibrous glass-reinforced plastics panels prevents erosion by insur- 
ing that all fiber bundles are thoroughly saturated with resin and 
that none lie on the panel surface. Erosion is usually caused by 
the glass fiber bundles on the panel surface absorbing moisture, 
expanding on temperature change, and causing a microscopic but 
progressive breakdown of the resin surface of the panel. 


A line of fine strand roving and mat (Super-F, Owens-Corning 
Fiberglas Corp.) makes possible more rapid and complete resin 
wet-up, improved bonding of molded parts, and a superior sur- 
face finish. They have a more uniform fiber distribution, thereby 
providing more uniform strength throughout the molded piece. 
The roving (R-600) is intended for molding of appliance parts, 
housings, automotive parts, hand luggage, and corrugated re- 
inforced plastics sheets. The mat (M-506) provides better finish 
and weatherability at approximately the same cost as standard 
mat. Probable uses for this product are foreseen in the corrugated 
sheet, container, and furniture markets. 


Decorative fibrous glass mats (Famco, Inc.), made with contin- 
uous glass strands, have metallic or cotton thread woven as an 
integral part of the design. The mats may be used in luggage, 
lamp shades, counter tops, corrugated paneling, light diffusers, 
and wall coverings. 


The automotive industry is beginning to use phenolic-glass 
molding material (Fiberite Corp.). Chrysler already has several 
transmission parts made of the material, Ford has a number of 
development molds in the works, and Detroit Transmission is 
contemplating the use of about 12 parts in its transmissions. The 
ratio of phenolic-to-glass in this material is 50:50. 


A fibrous glass reinforcing mat (Famco-Fiber, Famco, Inc.), 
made with continuous glass fibers, possesses good uniformity. 
Polyester, melamine, and thermosetting acrylic binders are used, 
and variation in binder content is held to 1% across the face of 
the mat. Silane finish assures a high wet-strength factor. 





Ges in fibrous form is a 


versatile plastics reinforcing ma- 
terial which in the last decade has 
experienced an unprecedented 
growth. This is because fibrous 
glass imparts to plastics special 


* Pittsburgh Plate Glass Co., Fiber Glass Div., 
1 Gateway Center, Pittsburgh 22, Pa 

Recent Developments and References were 
prepared by the editors. 
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characteristics which no other 
reinforcement does. Physical, me- 
chanical, and electrical properties 
are enhanced in almost all cases. 

Basically, fibrous glass rein- 
forcements are filaments blown or 
drawn from molten state and 
combined into various forms, 
offering a variety of physical 


characteristics and end-use prop- 
erties. 

The formulation from which 
glass fibers are made is known 
as “E” glass, denoting electrical 
grade, and is a low-soda content 
lime-alumina-borosilicate glass. 
This formulation is designed to 
give special fiber-forming char- 
acteristics while physical, elec- 
trical, and mechanical properties 
are at their best combined levels. 


General characteristics 


Glass fibers have high tensile 
strength (400,000 p.s.i.), relatively 
low modulus of elasticity (10,- 
500,000 p.s.i.), and high modulus 
of resilience. In general, only a 
small percentage of these values 
is realized and that is due pri- 
marily to the surface character- 
istics of glass fibers. Poor abrasion 
resistance and chemical resist- 
ance, as well as poor bonding of 
glass-to-resin, make for deteri- 
oration of the load transfer from 
fiber to fiber. This is partly im- 
proved by treating the surfaces 
of the glass for protection against 
abrasion and/or for better bond- 
ing. This treatment is done either 
at the point of generation of the 
fibers or, in certain forms, after 
the fibers have been processed 
into woven material. 


Methods of manufacture 


The bulk of the glass fibers 
used in reinforced plastics are 
made by 1) continuous drawing 
by mechanical means, as opposed 
to 2) steam or air blowing and 
3) flame attenuation. 

The steam blowing and flame 
attenuation methods produce 
comparatively short lengths of 
filaments which may be made into 
mats for heat insulating, surfac- 
ing, or air-filtering purposes, and 
staple yarns, 

The continuous drawing by 
mechanical means forms endless 
filaments which are combined 
into strands and later processed 
into spools. All methods use a 


FILLERS AND REINFORCEMENTS 








FILLERS FOR MOLDING COMPOUNDS 


basic unit called the “bushing,” 
through which molten glass flows 
and is attenuated or reduced to 
the desired diameter. The bushing 
is a heated metal trough, usually 
of noble metals in order to with- 
stand the corrosive action of 
molten glass at high temperatures. 
At the bottom of the trough mul- 
tiple small orifices serve as meter- 
ing devices which let glass flow. 

In the case of the continuous 
drawing, the filaments are gath- 
ered into a strand and wound at 
high speeds onto a “forming 
tube.” The diameter of the fila- 
ments is controlled by the tem- 
perature of the molten glass and 
the bushing, the diameter of the 
bushing orifices, and the speed 
with which the filaments are 
drawn. This diameter may be 
varied and ranges from 0.00020 to 
0.00075 inch. 

The coating of the glass, which 
is done immediately after the 
forming, is one of the most im- 
portant phases of the process. It 
is designed to improve the poor 
abrasion characteristics of the 
glass filaments and thus protect 
them from each other. It is also 
designed to bond the filaments 
into a strand so that they act as 
a unit in all subsequent opera- 
tions. This is accomplished by 
combining a lubricant and an ad- 
hesive or film-former in the coat- 
ing. Of course, the best lubricant, 
which will perform its task of 
minimizing abrasion, interferes 
with the bonding of the resins 
and the glass surface. When such 
strands are twisted, plied, and 
woven into cloth, the coating 
must be removed, usually by 
burning off (heat-cleaning), and 
sized with a coupling agent which 
will improve the bond between 
the glass and the resin. This 
coupling agent is called the finish. 
Several finishes are being used, 
depending on the resin the cloth 
is to be combined with. (See 
Table I, right.) Intensive re- 
search is being conducted by glass 
manufacturers to minimize or 
eliminate the heat-cleaning and 
sizing operations by modifying 
the lubricants and film-formers, 
and incorporating the coupling 
agents in the coating formulation. 

In some reinforcements, e.g., 
rovings, mats, and chopped 
strands, a compromise has been 


made where the abrasion problem 
is not too serious. A coating or 
binder is applied on the filaments 
at the bushing which makes the 
glass surface compatible with the 
resin to be used. Most popular are 
the “chrome” and “silane” bind- 
ers, which give good physical 
properties in laminates with sev- 
eral resins. 

Depending on the method of 
molding, the economics of the 
product, and its desired physical 
properties, several forms of fibrous 
glass reinforcement may be used. 


Rovings and chopped strands 


These are low-cost reinforce- 
ments which are made from 
strands sized at the bushing and 
consequently ready for combina- 
tion with the resins. 

Rovings are wound in multiple 
strands (usually 60) to form a 
package which may be easily 
shipped to the user. They may be 
used as unidirectional reinforce- 
ment in rod stock or in preform- 
ing of large shapes. For the most 
effective performance, they may 
be varied in the formulation and 
amount of binder for “softness” 

r “hardness,” as well as absence 
of static. When tensioned evenly 
they may be pre-impregnated 
with resin for winding cylindrical 
shapes where high hoop strength 
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is desired, e. g., pipe, rocket en- 
gines, etc. When chopped in place, 
they may be used instead of the 
more expensive form of mat in 
the manufacture of corrugated 
and flat translucent sheets. More 
recently, with the development of 
several strand spraying methods’, 
rovings may now be used to form 
large shapes against open molds— 
in competition with the hand lay- 
up method that uses mat. Molding 
compounds may also be made by 
pre-impregnating and chopping 
the rovings. 

Chopped strands are made 
from the same strands from which 
the roving is wound but they are 
cut into definite lengths of “4, %4, 
and up to 2 or 3 inches. Extensive 
use of fibrous glass chopped 
strands is being made in premix 
molding. Resin (usually polyester 
or diallyl phthalate), catalyst, 
filler such as calcium carbonate 
or calcium silicate, and chopped 
glass fibers, mostly in % and % 
in. lengths, are mixed in a sigma 
or Z-blade mixer to a uniform 
consistency. Parts are _ then 
molded in compression molds at 
500 to 1000 p.s.i. Fast cycles are 
possible by varying resin, filler, 
and reinforcement formulations. 
For some applications, other low- 
cost reinforcements such as sisal 


Rand Depositor 





TABLE |: Types and sources of finishes for fibrous glass* 





Finish Used with Sources’ 
112 Silicones UM, CMS, HG, FFG 
(completely desized) OCF, JPS, F, E, M 
111 Melamines HG, CO, IVI, OCF, JPS 
(partly desized) 
136 Polyesters, UM, HG, CMS, JPS 
some silicones 
Volan-A Polyesters, CMS, HG, UM, OCF, FFG 
phenolics, epoxies JPS, F, E, FFG 
Garan Polyesters HG, UM, M, JPS, LOF 
114 Polyesters CMS, HG, UM, OCF 
JPS, F, E, FFG 
Y-1100 Epoxies, phenolics, HG, OCF, UM, JPS 
melamines F, E, CMS, LOF, FFG 
NOL-24 General-purpose UM 
T-31 General-purpose JPS 
301 Polyesters OCF 
(triallyl cyanurates) 


* This table was prepared 4 C. E. Hoover and 
598 Madison Ave., New York, N 


R. Sonneborn, Owens-Corning Fiberglas Corp., 





1 Code for sources: CMS—Coast Mfg. Co., Livermore, Calif.; CO—Cordo Chemical Co., Morea, 
Conn.; HG—Hess and Goldsmith Co., a’ member of Burlington Industries, New York, N.Y. 
1VI—Irvington Div., _. be: J & "Mig. Co., Irvington, N. UM—United Merchants fin 
trial Div., New York, N.Y -Owens-Corning Fiberglas Corp.., New York, N.Y.; M—Men- 
ardi, Culver City, Calif.; jPs—J. P, Stevens, New York, N.Y.; F—Flightex Fabrics, New York, 
N.Y.; E.—Exeter Mfg. Co., Exeter, N.H..; LOF Libby -Owens-Ford, Toledo, Ohio; FFG— 
sey Corp., Fiber Glass Div. 
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and asbestos are used with the 
glass fibers 

Spun roving: Spun roving is 
made up of one continuous strand 
looped and wound into a roving- 
like form 


tional roving, it can be chopped 


Similarly to conven- 


up to be used in some forms of 


molding compounds 


Reinforcing mats 


Mats made of chopped or con- 
tinuous fibrous glass strands are a 
convenient form of reinforcement 
for flat or nearly flat shapes, es- 
pecially those molded under at- 
mospheric pressure 

Mats are usually made by chop- 
ping the basic strands into 2 in. 
lengths and laying or sucking 
them onto a moving belt. The 
thickness of the resulting mat 
(described in terms of oz./sq 
ft.) can of course be varied. The 
mat is held together with a chem- 
ical binder which may be of low 
or high solubility, depending on 
the final use. Other forms of mats 
can be mechanically stitched or 
“needled” together for faster wet- 
ting. 

Still another type of mat, known 
as a “swirl” mat, is made from 
continuous strands which are laid 
in a random fashion. This type of 
mat conforms more easily to 
curved surfaces. Mats are a more 
expensive form of reinforcement. 


Milled fibers 
When it is desirable to have 


lengths of less than '% in. of 
chopped strands, the product that 


offered is 


being 


milled fibers, usually hammer- 


is currently 


milled into small 442 to % in 
lengths. In this form, the strands 
lose their identity and separate 
into filaments. Up until recently, 
milled fibers were hard to handle 
and disperse easily because they 
tend to form small nodules. A 
new type of milled fibers is now 
available which has largely over- 
come this problem and may be 
blended in a dry or wet mix with- 
out difficulty. Milled fibers find 
use in casting resins and putties 
or caulking compounds, where 
they contribute to dimensional 
stability and minimize crazing and 
cracking. 


Twisted yarns 

Heat-treated twisted yarns are 
being used in the manufacture 
of reinforced plastics to a much 
smaller extent than rovings or 
mats. Their main use is in the 
manufacture of woven material 
such as tapes, braids, sleeving, 
and industrial or decorative fab- 
rics. Warp beams of several hun- 
dred parallel yarns are also used, 
but to a very limited extent. 


Yarn nomenclature 


The nomenclature of fibrous 
glass yarns differs from that used 
for other types of textile fibers 
because of the large variety of 
nearly identical yarns that are 
produced. The complete nomen- 


clature consists of two basic parts 
—one alphabetical, the other nu- 
merical. A series of three letters 


Fibrous glass mat finds wide use in the manufacture of boats by 
the bag or bladder molding technique. (Photo, Winner) 
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describing the basic glass strand 
is used in combination with num- 
bers that identify the standard 
varn count and yarn construction; 
for example, ECD 450-3/2. The 
first letter to be used defines the 
glass composition—“E” for elec- 
trical and “C” for chemical. The 
“E” glass formula, which is used 
most often, has excellent electrical 
properties while the “C” glass is 
compounded for chemical resist- 
ance and is used predominantly 
for certain types of staple fibers. 
The second letter indicates the 
type of fiber—“C” for continuous 
filament and “S” for staple fibers. 
The third letter defines the aver- 
age fiber or filament diameter 
from which the yarn is made. The 
numerical values for the third 
letter are as follows: 


0.00023 i 
0.00028 i 
0.00033 i 
0.00038 i 


Thus the letter symbol, ECD, 
given above, indicates a yarn 
made from the electrical glass 
formula in continuous filament 
form with an average filament or 
fiber diameter of 0.00023 inch. 

The numbers following the let- 
ters indicate the hundred yd./Ib. 
and yarn construction. The first 
number (count), 150, 450, 900, 


Yoo of the approximate 


etc., is 
yardage of basic strand or sliver 
in one pound. Thus, yd./Ib. is eas- 
ily computed by multiplying this 
number by 100. The second series 
of numbers following the count 
number (—1/2, —3/0, —4/4, etc.) 
designates the number of plies in 
continuous filament yarns. 

The first digit in this series 
shows the number of original 
singles (strands) twisted and is 
separated by a diagonal line from 
the second digit that indicates the 
number of these units plied. The 
total number of strands is deter- 
mined by the products of these 
two numbers (0 is multiplied as 
1). Plies in staple fiber yarns are 
shown by a single number sepa- 
rated by a diagonal from the 
count number. 


Surfacing and overlay mats 


The problem of the surface 
smoothness of fibrous glass lamin- 
ates is directly connected to the 
nature of the stranded form of the 
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fibers. When a preformed matched 
metal molding is removed from 
the mold, the surface shows the 
strands in a random pattern which 
is not always desirable. Futher- 
more, the strands on the surface 
form the openings through which 
the action of the water or other 
chemical usually begins, attack- 
ing the bond between the resin 
and glass, 

A partial answer to the prob- 
lem has been the use of surfac- 
ing or overlay mats made en- 
tirely of filaments rather than 
strands, bonded together with 
suitable binders (hard and stiff 
for surfacing, soft and pliable for 
overlay). These mats provide an 
area where an excess of resin may 
form a film protecting the lamin- 
ate and smoothing the surface. 
Their applied cost limits their use 
and several companies are inves- 
methods of 


tigating alternate 


overcoming the problem. 


Woven fabrics 

Fabrics made of twisted and 
plied yarns are a highly controlled 
form of reinforcement and there- 
fore one which lends itself to a 
variety of applications where high 
strengths in several directions are 
desirable. When heat-cleaned and 
resized with suitable coupling 
agents, fabrics can be used for 
hand lay-up or press molding. 
The type of product determines 
whether a glass fabric is used in 
lieu of other forms of reinforce- 
ment. In several military appli- 
cations, glass fabrics are used ex- 
clusively, because of their de- 
pendability and uniformity. 


Woven rovings 

In the past few years, fabrics 
woven of rovings have become 
popular in certain applications 
where strength plus bulk are de- 
sired in a laminate. Woven rov- 
ings or roving cloths fall in the 
area in between standard fibrous 
glass fabrics and mat with respect 
to cost and strength. They come 
in several weaves and are versa- 
tile in the shapes in which they 
may be molded. Since they lend 
themselves well to the molding of 
large shapes such as boats, tanks, 
etc., the hand lay-up method uses 
woven rovings most extensively. 

The choice of the proper type of 
glass reinforcement is the result 


Fibrous glass chopped 
strands are adaptable 
to the making of pre- 
forms for matched-met- 
al molding. Here, the 
strands are sprayed 
onto a form as the ini- 
tial step in the manu- 
facture of a reinforced 
outboard motor hood. 
(Photo, The General 
Tire & Rubber Co.) 


of a careful study of the product 
to be made. Generally speaking, 
large shapes of limited produc- 
tion (tens or hundreds of units) 
are made by the hand lay-up 
method using such reinforcements 
as woven fabrics, woven rovings, 
or mat, depending on the strength 
limitations, methods 
may also be used with proper 
controls. 

When the number of units to be 
made runs into thousands, the use 
of roving with 


Spray-on 


matched-metal 
molds and large presses can be 
justified by lower costs per unit. 


For unidirectional reinforce- 


2 : 
ment, rovings, and to an extent, 


yarns and some forms of woven 
fabrics, may be used. 

On a cost-per-pound basis, of 
course, the woven fabrics are the 
highest; on a strength-per-pound 
basis, however, they compete 
equally with other forms of re- 
inforcements 

It is therefore important that 
the designer be thoroughly con- 
versant with his product, the re- 
inforcements available, and the 
methods of molding or fabrication 
for a successful application. 
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Asbestos Reinforcements 


BY REGINALD B. STOOPS* 


iia has been used for 


many years as a filler for 
plastics, and is today the most 
widely used of all mineral fillers 
in plastics molding compounds. 
However, the bulk of the asbestos 
used for this purpose is in the 
form of very short fibers or 
“floats.” While short fibers do im- 
part hardness, dimensional stabil- 
ity, heat resistance, and some de- 
gree of impact strength to the 
compounds, they do not fully uti- 
lize the inherent value of asbes- 
tos fibers as a reinforcing agent. 
Only within the last few years 
have high-strength, lightweight, 
heat-resistant laminates and inex- 
pensive molding compounds been 
developed which take full advan- 
tage of the properties of long fi- 
bered asbestos reinforcement. 


Types of asbestos 


There are over 30 different 
types of asbestos, and deposits of 
these crystalline mineral fibers 
are located in many parts of the 
world. The different types of as- 
bestos vary in many ways. These 
marked chemical and physical 
differences must be recognized in 
any evaluation or consideration of 
asbestos. In addition, there are 
also variations within a given 
type taken from deposits in dif- 
ferent parts of the world, or proc- 
essed by different methods. 

Asbestos in its natural state is 
composed of extremely fine fibers 
which are aligned and closely 
compacted to form a rock-like 
structure. During processing, the 
fibers are separated into small 
bundles. The greater the degree of 
fiberization, or opening, of the fi- 
ber, the smaller the bundles. 

The fibers, which range in 
length from a few thousandths of 
an inch to 2 or 3 in., are cleaned 
and graded by screening. The 
value of a given type of fiber is 
determined primarily by its 
length. Most commercial fibers 
* Consultant in Reinforced Plastics, 445 Park 

N.Y 


Ave., New York 2 
References were prepared by the editors. 
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range downwards from % in. in 
length. 

Only four types of asbestos are 
used to any great extent as a re- 
inforcing agent for plastics. These 
are chrysotile, crocidolite, amo- 
site, and anthophyllite. 

Chrysotile fiber is the most 
abundant type of asbestos and 
most widely used commercially. 
Most chrysotile fiber used in the 
United States is mined in Can- 
ada. Chrysotile fiber having a low 
iron content is imported from 
South Africa and Venezuela. 

The strong, pliable chrysotile fi- 
bers are relatively easy to process, 
have good spinning properties, 
and will withstand a good deal of 
abuse during plastics processing 
without breaking down. 

Crocidolite and amosite are im- 
ported from South Africa. Croci- 
dolite, which has a distinct bluish 
color, is commonly called blue as- 
bestos. Amosite is generally yel- 
lowish-white in color. The fiber 
length of both types is generally 
greater than that of chrysotile, 
often running over 2 inches. The 
fibers are strong, have excellent 
heat and chemical resistance, and 
contain very little water of crys- 
tallization. While they are less 
expensive than chrysotile fiber, it 
should be noted that they do have 
a higher specific gravity. 

Anthophyllite, which also comes 
from South Africa, is a harsh, 
brittle fiber, but has excellent 
heat resistance and an unusually 
low pH for asbestos. Because it 
is slightly acid, anthophyllite is 
preferred for use in plastics which 
are sensitive to pH or which use 
acid catalysts for curing (ie., 
melamine). Other than this lim- 
ited application, however, the use 
of anthophyllite in plastics is neg- 
ligible. 


Asbestos properties 


The properties of asbestos 
which make it especially well 
adapted for use in reinforced 
plastics are: fine fiber diameter, 


high tensile strength, excellent 
heat resistance, good chemical re- 
sistance, large surface area, and 
low cost. 

Fiber diameter: A number of 
very fine fibers are superior in 
strength and flexibility to a sin- 
gle larger fiber. Asbestos fibers 
have diameters in the range of 
0.02 microns—about 14,9, of the 
diameter of the finest natural or- 
ganic fiber. Hence, even with 
shorter fibers, the length/diam- 
eter ratio and the surface area per 
unit weight of asbestos fiber is far 
greater than any other fiber. 

Tensile strength: The tensile 
strengths of chrysotile and croci- 
dolite asbestos average about 
200,000 p.s.i., with some values 
exceeding 400,000 p.s.i. 

Heat resistance: Chrysotile fiber 
will withstand temperatures of 
600° F. continuously without de- 
terioration, but it does begin to 
lose its water of crystallization at 
900° F., loses it all at 1250° F., 
and changes its structure at about 
1500° F. Crocidolite, amosite, and 
anthophyllite are more _heat- 
resistant than chrysotile and may 
be exposed to temperatures of 
800° F. with very little loss in 


Asbestos reinforcements are 
used in such forms as cloth, 
rope, and roving for appli- 
cations requiring heat and 
chemical resistance. (Photo, 
North American Asbestos) 
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strength or weight. All may be 
subjected to temperatures in ex- 
cess of 2000° F. without melting 
or complete decomposition. While 
asbestos is not unique in this re- 
spect, it is the only fiber which 
has been found suitable for plas- 
tics reinforcement that will with- 
stand these temperatures. 

Chemical resistance: The resist- 
ance of asbestos, especially croci- 
dolite, to attack by acids, alkalies, 
and solvents is extremely good. 
Where maximum chemical resist- 
ance is required, asbestos may be 
used to provide many advantages 
over other reinforcing fibers. 

Surface characteristics: Asbes- 
tos fibers offer a tremendous sur- 
face area for bonding to any sur- 
rounding plastic. In addition, and 
perhaps of more importance, the 
oxygen and hydroxyl molecules 
on the surface of the crystalline 
structure may serve as an anchor 
for a chemical bond between the 
asbestos and the plastic. Hence, 
no surface finish or treatment of 
the fibers is necessary. Phenolic 
resins, in particular, appear to 
have a great affinity for asbestos, 
and the bond between them is 
very resistant to attack. 

Cost: For many applications, 
asbestos offers the possibility of 
substantial savings over other in- 
organic fibers. Loose staple fibers 
with lengths in the range of 1% to 
4 in. cost only 8 to 9¢/Ib. for 
amosite and _ chrysotile, and 
14¢/lb. for crocidolite. The long- 
est fibers of each type are priced 
as follows: chrysotile (34 in. and 
over), 70¢/lb.; crocidolite (2 in. 
and over), 31¢/lb.; and amosite 
(2% in. and over), 14¢/lb. Chrys- 
otile fibers in the 9 to 14¢/Ib. 
range have been found quite sat- 
isfactory for use in premix mold- 
ing compounds. 


Available forms 


Asbestos is available in the fol- 
lowing forms: loose staple fiber, 
yarn, roving, mat, paper, and 
cloth. Also available are asbestos 
mats and roving impregnated with 
phenolic resins. 

Loose fibers: A specially proc- 
essed chrysotile for use in poly- 
ester molding compounds is avail- 
able in the form of loose fibers’. 
It is a dry, tale-free fiber, fully 


World Commerce Corp. S.A., 445 Park Ave., 
\Vew York, N.Y. 
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opened and cleaned, with a low 
iron content and neutral pH. A 
typical formulation for an asbes- 
tos reinforced premix would be 
35% polyester resin; 15% asbes- 
tos fibers; 50% calcium carbonate; 
catalyst; and pigment. These ma- 
terials are mixed in a double- 
arm, trough-type mixer with 
sigma blades, to form a dry, 
putty-like compound. The com- 
pound flows easily and may be 
compression molded at pressures 
as low as 200 p.s.i., but higher 
pressures are preferred and are 
required for parts with a deep 
draw. Thin parts may be molded 
in 30 to 40 sec. at temperatures of 
275 to 300° F. Even thicker parts 
(over \% in.) require only about 
90 sec. for cure. 

An outstanding feature of 
asbestos-reinforced polyester 
molding compounds is the re- 
markable uniformity of physi- 
cal properties throughout molded 
parts. Glass or sisal fibers may be 
incorporated in the compound to 
improve further the 
strength of molded parts. 

Asbestos reinforced premix 
compounds are most useful for 
molding large parts at low cost— 
especially where organic fibers 
cannot be used because of expo- 
sure to heat or moisture and 
where good electrical properties 
or high modulus are required. 
This includes applications in the 
automotive, refrigeration, electri- 
cal, appliance, and_ industrial 


fields. 


impact 


Asbestos mats 


Mats made from asbestos fibers 
are marketed under the trade 
names “Pyrotex”? and “Nora- 
mite”®. 

Pyrotex mats and felts (thin 
mats) are made with chrysotile 
asbestos—either by itself or in 
combination with cotton, rayon, or 
glass fibers. 

Mats which employ organic fi- 
bers in combination with the as- 
bestos are of little commercial 
significance. Their purpose is pri- 
marily to reduce cost, but they 
do so at the expense of heat re- 
sistance. Glass fibers may be used 
to advantage with asbestos. They 
generally add to the strength of 
the laminate and do not detract 


2 Raybestos-Manhattan, Inc., Manheim, Pa 
* North American Asbestos Corp., Chicago, Ill. 


Missile nose cone with high 
heat resistance is typical 
application for asbestos re- 
inforced plastics. (Photo, 
Raybestos-Manhattan) 


from heat resistance if the amount 
used is kept at or below about 20 
percent. 

Pyrotex mats and felts are of- 
fered either without a binder or 
with one of several resin binders 
designed for use with different 
resins. A binder improves the dry 
strength of a mat and greatly in- 
creases its wet strength (which is 
practically nil for unbonded mat), 
thus facilitating handling, wet 
lay-up work, and preimpregna- 
tion. For preimpregnation, a 
binder is required to provide suf- 
ficient strength to the mat to per- 
mit it to be drawn through im- 
pregnating tanks and through 
drying ovens while still wet. Un- 
fortunately, laminates made from 
unbonded mat generally have 
greater strength and better heat 
resistance than those made with 
bonded mat. 

Noramite mats are made from 
long crocidolite or long amosite 
fibers in a variety of weights. The 
crocidolite mat is especially good 
for chemical-resistant, high-mod- 
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Asbestos can be added to 
polyester molding com- 
pound in double arm, sigma 
blade, trough-type mixer. 
(Photo, World Commerce 
Corporation) 


ulus, and heat-resistant applica- 
tions. 

Long-fibered asbestos is used 
for the mats and is laid down by 
a carding process. Consequently, 
there is some degree of orienta- 
tion of the fibers, which produces 
higher strength in the machine di- 
rection of the mat. To obtain uni- 
form strength in each direction, 
it is necessary to cross-ply the 
mats which go into a laminate. 

These “dry” mats may be used 
for laminating with liquid resins, 
such as polyester and epoxy res- 


ins, or as the base material for 


making preimpregnated products 
with phenolic, silicone, melamine, 
epoxy, and polyester resins. A res- 
in binder of the same type as the 
laminating resin is desirable to 
prevent “washing” (displacement 
of the fibers by the flow of the 
resin) of the mat in this type of 
process. A fairly open, or porous, 
mat is desirable to facilitate thor- 
ough distribution and impregna- 
tion of the resin. 

Most of the work done on as- 
bestos laminates has been with 
phenolic resins, since the combi- 
nation provides greatest strength 
at elevated temperatures. 


Preimpregnated mats 
Chrysotile asbestos mats preim- 
pregnated with phenolic resins 
are also available‘ 
These mats can be molded on 
RFD R Manhattan, Inc and 


Duresto Turner Brothers Asbestos Co. Ltd., 
Rochdale, England 
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conventional compression molding 
equipment using standard mold- 
ing procedures for phenolics, but 
generally require a postcure to 
obtain optimum physical proper- 
ties. 

The density and physical prop- 
erties of a laminate increase with 
increased pressure up to about 
500 or 600 p.s.i. Pressures in the 
range of 350 to 550 p.s.i. produce 
the best laminates, but laminates 
suitable for many applications 
can be made at either contact 
or atmospheric pressure and good 
sound laminates can be made at 
100 to 150 p.s.i. Curing tempera- 
ture also has an effect on the 
properties of a laminate. For 
high-pressure molding, tempera- 
tures in the range of 300 to 325° 
F. give good results. Lower tem- 
peratures are recommended for 
curing at low pressures. Proper 
attention must be given to mold 
release agents, as the phenolics 
used generally have good adhe- 
sion to metal. The volatile con- 
tent and the moisture content of 
the preimpregnated mat must be 
controlled, or maintained within 
certain limits, to insure consistent 
drape, flow, and cure characteris- 
tics. Since the shelf life of the 
phenolic is limited, the charac- 
teristics and usefulness of the ma- 
terial may change with time; they 
often dry out, but may sometimes 
be rejuvenated with water or 
steam. The best moldings are gen- 
erally obtained when the material 
is in a tacky, pliable condition. 

These materials do give prop- 
erties which are outstanding in 
many respects, notably: 1) ex- 
tremely high modulus of elastic- 
ity; 2) excellent strength re- 
tention at elevated temperature; 
and 3) good heat resistance. 

These materials are recom- 
mended for either structural or 
insulation applications and are 
especially good for applications 
where a combination of physical 
strength and heat resistance is re- 
quired. The British have been 
very active in developing such 
applications as wings for high 
speed fighter planes, and super- 
sonic guided missiles, external 
fuel tanks, ducts, fairings, and 
pressure vessels from asbestos- 
reinforced phenolic laminates. 
Uses of the material in this coun- 
try include a great many rocket 


and missile components (fins, 
shrouds, nose cones, and liners) 
and jet engine parts (turbine 
wheels, compressor blades, and 
shrouds). 

The inherent ability to with- 
stand thermal shock, as well as 
high temperatures, makes the ma- 
terial useful for many applica- 
tions where other materials with 
greater heat resistance, but less 
resistance to thermal shock (i.e, 
ceramics) might otherwise be 
considered more suitable. 

Asbestos - phenolic laminates 
have been found most useful at 
temperatures of 500° F. for long 
periods of time (i.e., weeks), 700° 
F. for shorter periods of time (i.e., 
hours), and up to 3500° F. for 
very short periods (i.e., seconds). 
There is some question about 
using the material for long-term 
application under load at ele- 
vated temperatures because of its 
fatigue and creep characteristics; 
and it should be noted that the 
electrical properties of asbestos, 
especially chrysotile, are inferior 
to some other reinforcements. 
Another problem which might be 
encountered with asbestos, as 
compared to glass reinforcement, 
is variation in quality, both be- 
cause the fiber is a natural prod- 
uct and because the products are 
still quite new. But the desirable 
characteristics of hot strength, 
heat resistance, low thermal con- 
ductivity, high modulus, and re- 
sistance to thermal shock make 
asbestos-phenolic laminates the 
superior and most desirable ma- 
terial for a great many applica- 
tions. 


Molding compounds 


Phenolic molding compounds 
reinforced with long fibered as- 
bestos are also available®. These 
compounds have roughly half the 
strength of the mat laminates dis- 
cussed above, but are more hom- 
ogeneous, since there is no orien- 
tation of the fibers. Furthermore, 
they lend themselves more read- 
ily to the fabrication of parts with 
thick walls or irregular cross- 
section. If desired, they may be 
used in conjunction with the pre- 
impregnated mat. 

Asbestos has been found to be 
superior to any other reinforcing 
5 Fiberite Corp., Chicago, Ill., Raybestos-Man 


hattan, Inc., and Turner Brothers Asbestos 
Co., Ltd. 
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rial for parts which are sub- 
to ablation (erosion of the 
ace due to the passage of 
gases at high velocity) in 
temperature range from 1000 
to 3500° F. For this rea- 
asbestos-reinforced phenolic 
lding compounds have been 
d for many rocket motor parts. 
there the of ablation is 
1ewhat less important than the 
\iformity of ablation, as in the 
throat of a rocket nozzle, parts 
reinforced with short asbestos fi- 
bers are preferred. 
The chemical, electrical, 
thermal properties 


rate 


and 
of asbestos- 
reinforced phenolic molding com- 
pounds are similar to those of the 
mat-reinforced material. In gen- 
eral, compounds may be either 
transfer or compression molded 
using the molding procedures em- 
ployed for standard 
molding compounds. 


phenolic 


Other forms 


Asbestos reinforcement for 
plastics is also available in the 
form of rope, roving, yarn cloth, 
and paper. 

The properties and applications 
of asbestos paper and asbestos 
cloth laminates have been fairly 
well established—at least as far as 
their use with phenolic resins is 
concerned—by specifications set 
forth by the National Electri- 
cal Manufacturers Association 
(NEMA). Rope, roving, and yarn 
are being used primarily in con- 
junction with other materials, 
such as mat and molding com- 
pounds, to fill out thick sections 
(i.e., ribs) of molded parts and to 
impart greater strength to these 
sections. They are useful in mold- 
ing polyester as well as phenolic 


parts. 
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Maintain the FLEXURAL STRENGTH of Reinforced Plastics 





The effect of 
GK Hydrite Kaolinites 
on the 
Flexural Strengths 
of three typical 
reinforced plastics: 
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Georgia Kaolin’s Hydrite Kaolin- 
ites maintain the flexural strengths of 
various reinforced resins over a wide 
range of filler concentrations. This is 
indicated inthe accompanying graphs, 
showing the effects at various load- 
ings of standard GK Hydrite Kaolin- 
ites in three reinforced resin systems. 
Similar effects are noted with the 
following reinforced systems: 

Low Unsaturated Polyesters 

High Unsaturated Polyesters 

Chlorinated Polyesters 

Dially! Phthalates 


Phenolic Resins + Acrylic Resins 


In addition to maintaining or improv- 
ing the flexural strengths, GK Hy- 
drite Kaolinite fillers have other 
beneficial effects in reinforced plastics, 
such as: improved smoothness and 
gloss, lower peak polymerization 
temperature and shrinkage, reduced 
water absorption, improved chemical 
and electrical properties, and lower 
material costs. 


Examine the possibilities of improv- 
ing your plastics formulations with 
GK Hydrite Kaolinites. Send for 
further information and free samples. 


GEORGIA KAOLIN COMPANY © ciizabeth, New Jersey 
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Synthetic and Cellulosic Fibers 


BY H. R. SCHWARZ 


S ninctic and cellulosic fibers 
—in nonwoven or fabric form— 
play an important role in the de- 
sign of high-pressure or low- 
pressure laminates. The proper- 
ties of the individual fibers which 
are commonly used for these ap- 
plications are shown in Table I, 
below. 

High-pressure laminates: Cot- 
ton is the most important raw 
material used today for those 
high-pressure laminates requir- 
ing good mechanical properties 
such as high-impact strength, 
superior bond strength, and good 
machining properties. The fibers 
possess the very desirable com- 
bination of good strength and 
relatively low extensibility. They 
have the additional advantage of 
widespread availability and low 
cost. 

Cotton fabrics are generally 
supplied as grey goods, that is, as 
they come from the loom, and are 
not subject to any wet finishing 
operations. However, they may in 
some cases be supplied desized or 
“purified.” Desizing consists of re- 
moving the starch added to the 
warp to assist in the weaving op- 
eration, as well as the natural oils 
and waxes inherent in the cotton 
fiber. The term “purified” is used 
to denote fabrics which, in addi- 
tion to being desized or scoured, 
are bleached and_ thoroughly 
washed by water to remove any 
salts or electrolytes that might 
have a detrimental effect on the 
properties of the finished lami- 
nate. 

Other textile fibers, notably 
nylon, have special properties 
that make them suitable for many 
useful laminated products. Nylon, 
for example, contributes to the 
laminate good electrical insu- 
lating properties, high-impact 
strength, and resistance to bac- 
terial attack. Rayon has found 
only limited uses in the high- 
pressure laminating field. High- 
. Wellington Sears Co., Inc., 65 Worth St., 


New York 13, N. Y. 
References were prepared by the editors. 
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tenacity rayon has been used for 
certain applications where high 
tensile strength is a factor. Acryl- 
ic fibers have also been used to a 
limited extent for electrical lam- 
inates. 

Low-pressure laminates: Glass 
fiber is still, by far, the most im- 
portant textile raw material in 
this field, whereas cotton has 
found few, if any, commercial ap- 
plications, other than as an over- 


Nonwoven Dacron! batts used for 
reinforcing polyester and epoxy 
resins are said to contribute good 
abrasion resistance, in addition to 
improved electrical properties, 
more flexibility, and _ lighter 
weight. They are particularly 
suitable for the molding of deep- 
draw laminates since they readily 
conform to even the most compli- 
cated shapes. 

A new development has been 


lay material. On the other hand, the use of Dynel? fabric overlays 
filament nylon fabrics are being for glass-reinforced laminates; 
used successfully as reinforce- 

ments for low-pressure laminates oe of E. I. du Pont de Nemours & 


ne 
» tlitar —— : . * Trademark of Union Carbide Corporation's 
for military aircraft applications. hae end 





TABLE |: Properties of textile fibers 





COTTON’S natural fiber twist enables spinning of strong yarns. Cotton is 
durable, absorbent, resistant to stretching and heat; it bulks and insulates 
well, has high wet strength. Resistance is low to acids and mildew, but high 
to alkalies and solvents. 


RAYON, a regenerated cellulose in staple or filament form, is industrially most 
important in high-tenacity form, with outstanding qualities of high strength 
combined with light weight. Many of its other properties are similar to those 
of cotton, but wet strength is lower. 


FORTISAN’ is a strong filament yarn of oriented and saponified regenerated 
cellulose. The new, highly oriented “Fortisan-36” has exceptional strength, 
stretch resistance, and dimensional stability. Chemical and other characteris- 
tics resemble cotton. 


NYLON is a chemically synthesized organic fiber, both staple and filament, 
available in high-strength forms. It has very high tenacity, wet or dry; ex- 
cellent abrasion- and flex-resistance; toughness; elasticity; resistance to heat 
and alkalies; excellent electrical qualities. 





ORLON’ acrylic staple fibers are light, strong, resilient, dimensionally stable, 
low in moisture absorption and are nonconductors of electricity. They show 
good resistance to heat, strong acids, mildew, bacteria, ultra-violet rays, and 
atmospheric effects. 


DYNEL’, staple fiber of vinyl and acrylic origin, has many properties similar 
to Orlon. Though sensitive to heat, Dynel has excellent resistance to strong 
alkalies as well as acids, and will not support combustion. 





DACRON’, polyester staple fiber, is water-repellent, quick drying, dimen- 
sionally stable, with good electrical properties. It has good strength, flex life, 
and shape retention, and resists abrasion, heat, and many chemicals. 


t Trademark of Celanese Corp. of America 
2 Trademark of E. I. du Pont de Nemours & Co., Inc. 
% Trademark of Union Carbide Corporation’s acrylic fiber 
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1ese overlays greatly improve 
‘sistance to abrasive wear, chem- 
al attack, and weather. Acrylic 
ber veils or overlays have also 
een used to provide an extreme- 
y smooth finish in automotive 
ipplications. 

Acrylic, polyester, and nylon 
ibers are further being adapted 
is overlays to various materials- 
handling applications and end- 
products demanding good cor- 
rosion resistance. Synthetic fiber 
veil-covered surfaces offer im- 
proved chemical resistance, ultra- 
violet light resistance, good 
dielectric factors, and a harder 
surface. 


Influencing factors 
There are many factors involved 
in the selection of a textile fiber 
and fabric structure for a plastics 
laminate. It should be recognized 
at the outset that the fiber itself 
is the important element of the 
fabric contributing to the strength 
of a laminate (see Table I, p. 494). 
When a continuous filament yarn 
fabric is used as reinforcement, 
the tensile strength of the lam- 
inate is influenced directly by the 
yarn strength. In the case of a 
laminate reinforced with a spun 
staple yarn fabric, on the other 
hand, neither the strength of the 
yarn nor the fabric itself has a 
direct bearing on the tensile 
strength of a laminate. It is the 
strength of the individual fibers 
which is the significant factor in 
the strength of the laminated 
product. The fibers in the spun 
yarn structure are surrounded by 
the resin which prevents them 
from shifting when stresses are 
applied to the laminated stock. 
Thus, the ultimate strength of the 
yarns themselves is never real- 
ized. 
Another important factor hav- 
ng an effect on the laminate 
trength is the elongation of the 
ber. Assuming that the elonga- 
tion characteristics of the fiber 
nd the resin are approximately 
ie same, it is the fiber strength 
that is the determining factor 
ithin the limits of the effective 
lhesion between the fiber and 
e cured resin. To illustrate the 
portance of both strength and 
ngation in laminate strength 
operties, consider high-pressure 
ninates reinforced with spun 
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Plymouth Cotton Flock and Filler 
for plastics reinforcement 


@ Even in strong sunlight, you can see that Plymouth cotton 
flock and filler is spotlessly clean. In fact, it is recommended 
as a filler in thermoset dinnerware and other products where 
CLEANLINESS and IMPACT strength are vital. 

Plymouth flock and filler is always completely wniform, 
assuring you of products with full, lasting impact strength. 

Plymouth cotton flock and filler is made from the finest, 
selected 100% cotton materials, carefully reduced to the pre- 
cise size your particular product requires. This careful grad- 
ing process, plus “sunlight cleanliness,” makes Plymouth 
cotton flock and filler a superior one. 

Test Plymouth flock and filler in your own plant. Write for 
samples and full details. 


PLYMOUTH FIBRES co. n. 


197 PLYMOUTH STREET 


BROOKLYN 1, NEW YORK 
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nylon fabric. The tensile strength 
of nylon-base laminates is not as 
high as that of laminates rein- 
forced with cotton fabrics. For, 
despite the higher strength of ny- 
lon, the fiber’s lower modulus of 
elasticity does not permit the 
superior strength of the fiber to 
be fully utilized when incorpo- 
rated in a rigid plastics structure. 
On the other hand, the fiber te- 
nacity has a direct influence on 
the high impact strengths pos- 
sessed by the nylon-reinforced 
laminates. 

Fabric specifications covering 
textile materials for laminating 
purposes generally include mini- 
mum breaking strength require- 
ments. One of the _ principal 
reasons, of course, is to insure 
uniformity of material. Fabric 
breaking strength can be easily 
determined by any textile labora- 
tory. Provided minimum strength 
values are met in addition to other 
specification requirements, it is a 
definite indication that the fabric 
in question is up to standard. 

Generally, plastics produced by 
laminating techniques are rigid, 
having a high modulus of elastic- 
ity. Accordingly, stretchability 
and resiliency normally associated 
with fabric structures formed by 
the interlacings of twisted yarns 
are not factors affecting the prop- 
erties of the laminated material. 
These fabric characteristics, how- 
ever, are significant in the case 
of textiles for postforming stock. 
Nevertheless, the particular form 
in which the fibers are introduced 
to the resin does have an influ- 
ence on the ultimate properties of 
the laminate. 


Types of fabric 


Nonwoven fabric: Nonwoven 
mats are generally 
made with random fiber distribu- 
tion and bonded with resins 
which are compatible with those 
used in the laminating process. 
Laminates made from the random 
nonwoven material have impact, 
flexural, and tensile strengths 
just as high in the diagonal di- 
rections as in the usual machine 
and cross-directions. 


fabrics or 


the manufacture of 
products 


Nonwoven fabrics are used ‘ir 

‘neal 
requiring sharp pro- 
jections or edges, mirror-like ma- 


chined surfaces, and _ superior 








A Samples from either plant 


WATER GROUND 


tranklin 
MINERAL PRODUCTS COMPANY, INC 
Franklin, North Carolina 














Water Ground Mica 
is Unparalleled as filler in 


SURFACE COATINGS 
PLASTIC PUTTIES 

REPAIR COMPOUNDS 
POTTING COMPOUNDS 
ENCAPSULATIONS 


Water Ground Mica 
Particles Are 
FLEXIBLEeTOUGHeTHIN 
MACHINEABLEeSOFT(Mohr 2.5) 
CLEANeINERTeFINE MESH 
HYDROPHILLIC (Untreated) 
HYDROPHOBIC (Surface Treated) 


Water Ground Mica 
Is Superior In 


DIELECTRIC STRENGTH 
LOW POWER LOSS FACTOR 


Use WATER GROUND MICA 
to modify .. . 


TEMPERATURE STABILITY 
COEFFICIENT OF EXPANSION 
HEAT CONDUCTIVITY 
INTERNAL SLIP 








Samples from either plant 
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WATER GROUND J 


Hayoen Mica Co. 


WILMINGTON. MASS 
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Make better plaste lamunates with 


MOSINEE CONTROLLED-ABSORPTION PAPER 


The open secret to making the best quality, paper- {bsolute uniformity maintained—When you order paper from 
base laminates is in using an impregnating paper Mosinee, you can be sure of exceptional uniformity from roll 
which precisely controls the quantity and rate of to roll. . / from carload to carload. That means lower manufac- 
resin absorption. turing costs and uniformly high-quality laminates—an impor- 


tant point in your selling story, 
lo get that kind of controlled-absorption the Information, ideas for the asking—In working for years with 
| i i “ “er > e . 
eading plastics manufacturers come to Mosinee. leading plastics manufacturers, Mosinee has perfected many 
paper-making techniques. Why not make use of our extensive 


facilities and experience to improve your products? They're 


Papers are developed and manufactured to meet 
our customers’ specifications, or to standards 


worked out by ow experienced technicians. yours for the asking! Mail the coupon for prompt action. 


Mosinee Paper Mills Co., Dept. MPE-58, Mosinee, Wis 


on , 
’ Gentlemen: We are interested in knowing more about your top-quality 
al? F/I controlled-absorption papers for the plastics industry. Please send free 
: Data File 
PAPER MILLS COMPANY eee 


. ! Name 
Mosinee, Wisconsin irm sine 
Address 





..» 10 MEET YOUR TOUGHEST 
MILITARY SPECS - 


R 7575A R 9299 


“UNIFORM IMPREGNATION” — by our continuous oven oper- 
ation . . . Quality processing of pre-preg materials in both 
STANDARD and HI-HEAT systems. 


.. 10 MEET YOUR TOUGHEST 
DELIVERY REQUIREMENTS - 


“IN STOCK SERVICE” — our standard pre-pregs on glass 
cloth and woven roving available for rapid shipment! A 
new modern plant geared to customer service. 


.. +10 MEET YOUR TOUGHEST 
CUSTOM NEEDS - 


“IN PLANT ASSISTANCE” — let our trained development staff 
solve your resin-ready problems. Our yards of experience 
can work for you. 


Available die-cut or in rolls 


Phone, write or visit 


PHENOLICS 


POLYESTERS 


EPOXIES 


VINYLS 


MELAMINES 


SILICONES 


EL! SANDMAN COMPANY 


280 Greenwood St. Worcester, Mass. 
P. O. Box 801 


498 


Phone PL 7-7781 


mechanical strength. An early ap- 
plication was the noiseless gea: 
for electric clocks. The balanced 
strength characteristics of lam- 
inates with random fiber rein- 
forcement made it possible to pro- 
duce fine-toothed gears without 
weak spots in the teeth. High- 
speed machining of the laminate: 
without damage was made pos- 
sible. 

Another good example of th: 
unusually good mechanical prop- 
erties of laminates reinforced in 
this manner is the textile bobbin 
head. Tests have shown that 
heads fabricated from these lam- 
inates have nearly twice as much 
impact-fatigue resistance as the 
next strongest type (paper-and- 
canvas-reinforced). 

There has also been some ac- 
tivity in the use of papers based 
on synthetic and cellulosic fibers 
for reinforcing laminates, but 
most of the work in this area is 
still largely in the experimental 
stage. 

Woven fabrics: The density and 
positioning of the individual fibers 
in the fabric structure must be 
considered in developing the op- 
timum laminate to be used for a 
given application. 

Fiber in fabric form has certain 
advantages which are utilized in 
laminating production. 

Probably the single most im- 
portant factor is the extremely 
uniform distribution of the fiber 
in woven fabrics. This high de- 
gree of uniformity enables the 
plastics manufacturer to combine 
many layers of varnished cloth 
together to form a laminate hav- 
ing a homogeneous structure 
Furthermore, fabric has the ad- 
vantage of mechanical strength, 
enabling it to be processed readily, 
without damage, by continuous 
methods. 

Generally speaking, the lami- 
nating varnish has a better oppor- 
tunity to penetrate the mor 
porous structure of spun staple 
yarns than the more compact and 
denser filament yarns, especially 
in the case of the heavier-weigh' 
fabrics. In many cases, econom 
considerations necessitate the us 
of comparatively heavy fabrics fc 
mechanical laminates, because ‘ 
their lower cost per pound. 

The amount of yarn twist has 
definite bearing on the degree « 
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sin penetration. Fabric woven 

ym softly twisted yarns, al- 

ough not necessarily strong 

om a textile standpoint, never 

ieless allows more resin to 
enetrate the fabric structure. 

his results in a stronger lam- 

ated product. Another influenc- 
ng factor on the properties of 
fabric-base laminates is yarn 
rimp. Highest tensile strengths 
re realized by having the fibers 
lie as flat as possible in the plane 
of the laminate. In this position 
the full reinforcing effect of the 
individual fibers can be utilized 
to the best advantage. On the 
other hand, fabrics with a high 
yarn crimp tend to increase the 
shear strength of the laminate. 

The effects of the various com- 
ponents must be carefully con- 
sidered in the selection of a fabric 
construction for a particular end- 
use. In the majority of cases it is 
desirable to use a fabric having 
an equal distribution of strength 
in the warp and filling in order to 
obtain balanced strength charac- 
teristics in the laminated product. 
3y cross-laminating, however, it 
is possible to use fabrics with un- 
equal strength distribution and 
still obtain laminates with bal- 
anced properties. For certain 
applications it may be advan- 
tageous to have the strength 
largely in one direction; in these 
instances, so-called unidirectional 
fabrics are employed. 

The bond strength of laminates, 
(which means the adhesion be- 
tween the fabric plies), is af- 
fected to an important degree by 
the surface characteristics of the 
fabric. A softly twisted spun yarn 
construction, presenting a fibrous 
surface and a high degree of 
fabric “pebble” or surface texture, 
results in an interlocking effect 
when the fabric layers are com- 
bined during the laminating 
process by means of heat and 
pressure. At the other extreme, 

smooth surface, finely-woven 
fabric made from continuous fila- 
ment yarns may have a tendency 

delaminate easily. Therefore, 
fabric of the latter type should 

t be used for those applications 

quiring a high degree of bond 

ength. 

The tightness of weave, as af- 

ted by warp and filling yarn 

es and thread count, also has an 


effect on the laminate properties, 
particularly from the standpoint 
of resin impregnation. It is the 
combination of yarn and fabric 
structure that influences’ the 
properties of the final laminated 
product. The type of weave must 
also be taken into consideration 
in view of its effect on yarn crimp, 
porosity, and surface character- 
istics. 


Types of weave 


As an indication of just how 
many different types of weave are 
available to the laminator, listed 
below are some of the standard 
cotton industrial fabrics. 

Lawns: These are lightweight, 
high-count staple fabrics made in 
plain weaves from both carded 
and combed cotton yarns. 

Print cloth: Made from coarser 
yarns than those used in lawns, 
generally 30s warp yarn and 
about 42s filling yarn. 

Sheetings: The term “sheeting” 
is applied to a plain-weave cotton 
fabric using carded singles yarns 
for warp and filling. 

Drills: Drills are 3-harness twill 
constructions made with the ends 
interlacing, 2 up and 1 down. 

Osnaburgs: This term is applied 
to plain-weave fabrics which are 
of lower count and of coarser 
yarns than sheetings. They may 
be classified as “coarse sheetings.” 

Ducks: Cotton duck is a broad 
term used to denote a consider- 
able range of firm, heavy, plain- 
weave fabrics. Variations most 
commonly used in high-pressure 
laminating include single filling 
duck, army duck, numbered duck, 
chafer duck, and gear duck. Each, 
of course, has its own special ad- 
vantages for specific applications. 
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America’s Pioneer Producer 


OF 
‘LOCK 
FLOC 
FILLER: 
“Filfloc” Cotton Flock 


Reinforcing flock for inclu- 
sion in plastic molding com- 
pounds, Available in a range 
of cut and deniers engineered 
by our 33 years experience 
to suit your needs with opti- 
mum effectiveness. 





SURFACE-COATING: 


“Raycote” Rayon Flock 





Precision-cut. 

1 mm velvet finish. 

14 mm suede finish. 
Raycote, we believe, can be 
applied so as to produce the 
richest effect of any flock on 
the market. Quality raw ma- 
terial and exceptional preci- 
sion of cut make it superior. 


“Kingcote” Cotton Flock 


Random-cut' within strict 
length limits. Produces a 
suede effect of richness and 
durability. 





Surface Coating of 


Vacuum-formed 


Plastics 


Containers vacuum formed 
from plastic film can be 
coated after forming and can 
also be pre-flocked before 
forming. Rosen details. 


WRITE FOR SAMPLES 


and latest literature. We 
make a complete line of nat- 
ural and synthetic flocks in 
all colors. 33 years of know- 
how at your service. 


RAYON 


PROCESSING 
CO. of R. f. 


95 Moshassuck St. 
PAWTUCKET, RHODE ISLAND 
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amco-tiber ) Giass FIBER MATS 


-¥ more uniform 
REINFORCING MATS 


soft, wrinkle-free ¥ distinctive 
SURFACING MATS DECORATIVE MATS 


REINFORCING MATS—Cleaner, whiter Famco-Fiber reinforcing mats look dif- 
ferent—and are different—from ordinary glass fiber mats. They’re made from 
mechanically interwoven continuous fiber strands (no bits and pieces). 
Famco-Fiber mats are extremely uniform and free of “washing”. This uni- 
formity allows Famco to manufacture mats as light as 4 -oz. per square foot! 
And with various binders—including Polyester, Melamine or thermo-setting 
Acrylic—variation in binder content is held to 1% throughout the entire mat 
Available in rolls 125’ long and up to 72” wide. Weights available: 1% -oz. to 
2-0z., in increments of %4-oz. 


SURFACING MATS—Famco-Fiber Surfacing Mats are soft, drapable, uniform and 
wrinkle-free. Used with reinforcing mats, they give super-smoothness and 
super-whiteness to finished product. Available in rolls 225’ long and up to 72 
wide in a full range of thicknesses. 


DECORATIVE MATS—A wide range of colors and patterns can be incorporated 
into Famco-Fiber Decorative Mats. Even cotton or metallic threads may be 
woven into the patterns. These mats offer unusual design opportunities in the 
decorative plastics field. Available in rolls 110 feet long and in standard 
widths of 48 and 60”. 


FAMCO, INC.—A BASIC SOURCE 


The entire glass fiber manufacturing operation—beginning with the 
manufacturing of the fibers themselves—is done in Famco’s modern 
175,000 sq.ft. plant. We are eager to help you in utilizing glass fibers 
to your exact specifications and are geared for small special runs 
as well as large-volume runs. Our complete facilities—engineering, 
research, development, design and production—are at your service. 
Call, wire or write for sample mats. 


—-a 


Famco, Inc. 
6201 Strawberry Lane 
Louisville, Kentucky 
Phone EMerson 8-6521 
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YOU CAN GET better laminated and molded products three ways with Pitts- 
burgh Fiber Glass. © First—PPG provides you with a quality, uniform reinforcement of exceptional dimen- 
sional stability and dielectric strength; it’s fire-resistant, heat-resistant, odorless. O Second—PPG can supply 
you with quality YARNS in any twist or ply, in all standard sizes . .. ROVING in a variety of finishes 
and end counts wound to your requirements; it’s static-free, ideal for use in preforming or spraying. . . 
CHOPPED STRAND in lengths of 4%” and up, packaged for convenient handling; its uniformity helps 
cut rejects. © Third—PPG offers you technical help through free trials made in your own plant to show 
you how Pittsburgh Fiber Glass can help you produce better end products. Call your nearest PPG Sales 
Office or write Pittsburgh Plate Glass Company, Fiber Glass Division, One Gateway Center, Pittsburgh 22, Pa. 


A PRODUCT OF THE FIBER GLASS DIVISION OF PITTSBURGH PLATE GLASS COMPANY 


es Offices are located in the following cities: Charlotte, Chicago, Cincinnati, Cleveland, Detroit, Houston, Los Angeles, Minneapolis, New York, Philadelphia, Pittsburgh and St. Louis 


75 SYMBOL OF SERVICE FOR SEVENTY-FIVE YEARS 
| ' . : | : . . ‘ . . . 
ANNIVERSARY G " 


1883 —1958 
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pounds Low 
zer absorption. Low 
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SUSPENSO. 


Precipitated calcium 
carbonate. Average particle 
size: 2 microns. Uncoated. 
Excellent dispersion. 


Polyester Pre-Mix Compounds 
With Muitifex-VM — 
Controls viscosity, imparts 
whiteness, improves finish, 
cuts cost and shrinkage. 
Excellent shelf life. 


Polyester Compounds — 
Disperses readily. Imparts 
whiteness. Reduces shrinkage 
and cost. Excellent shelf life. 
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MULTIFEX-MMoe 


Ultra-fine precipitated 
calcium carbonate. Average 
particle size: .07 micron. 
Uncoated. 


PVC Compounds — imparts 
excellent mar resistance, 
smooth finish and gloss 

in vinyl floor tile and 
injection moldings. 

Pre-Mix Polyester 
Compounds — Imparts 
whiteness and enamel-like 
finish. Controls viscosity. 
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KALITE>s 


Precipitated calcium 
carbonate. Average particle 
size: .5 micron. Oil absorption 
28-36 cc/ 100 grams. 

1% fatty acid coated. 

PVC Compounds — Excellent 
dispersion and gloss. 
Improves calendering. 


nTORS' FAV QRITE FILLERS 
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CARBIUM 


Precipitated calcium 
carbonate. Average particle 
size: 7 microns. Uncoated. 
Economical filler for 
plastisols and organosols. 
Good dispersion. Good 
color stability. 
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DISTRIBUTORS 
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Send for your copy of this 
free brochure that tells how to 
improve plastics with J-M ASBESTOS 


You may be a relative stranger to the many ways that Johns- 
Manville Asbestos Fibre has solved problems for plastics GET THESE IMPORTANT FACTS: 
manufacturers since the beginning of the industry. That’s why The facts about J-M Asbestos Fibre 
we've prepared this new fact-filled brochure to tell just how the Advantages for cold-molded bitumens and 
“Magic Mineral’ from J-M can help you whether you work phenolics, Thermosetting plastics, and 
with cold-molded, Thermoplastic, or Thermosetting plastics. Thermoplastics. 
You'll read why J-M Asbestos Fibre, because it’s the @ Characteristics of J-M Chrysotile Asbestos 
Chrysotile variety, provides the best combination of properties for the plastics industry. 
offered by any filler on the market. How it bulks, reinforces and 
hardens, adds fire- and heat-resistance, controls impact strength, 
improves dimensional stability . . . even reduces molding costs. Johns-Manville Asbestos Fibre Division 
Don’t delay . . . send for your copy of this brochure today Box 1500 Asbestos, Quebec, Canada 
so you can discover where the ‘“‘Magic Mineral’? may help Please send me brochure AFD-8A 
your production and then set up a test run. Use the convenient 


: Name____ 
coupon or write on your letterhead. 


Company____ 
JOHNS MANVILLE 
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Jeep Hard-Top of ASP filled reinforced plastic 
has durability yet stylish surface 





Caster wheel with 
ASP filler has 
impact strength 
double the in 
dustry standard 
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ASP filled airline tray features long life 


smooth surface 





Fertilizer hopper 
made with ASP’s 
at high filler load 
ing is dense 
strong, translucent 


Mg C ALUMINUM SILICATE 
PIGMENTS (ASPs)... leading fillers 


for premix and liquid compounds 


os 


Examine the following characteristics of M & C ASP 
fillers and you'll see why they are being used by a 
rapidly growing number of formulators, processors, 
and molders. ASP’s offer you molding ease, excellent 
finishes and improved properties—often at a sub- 
stantial cost savings. And Minerals & Chemicals has 
extensive research facilities and qualified personnel 
to help you with your specific problems. 


Uniformity of Filler Dispersion—ASP’s mix easily, 
stay in suspension, and maintain a homogenous 
mixture during molding. In premix compounds, they 
wet out and disperse readily. 


Ideal Viscosity and Thixotropic Characteristics— 
Certain grades of ASP’s have low viscosity and thixo- 
tropy that permit fast press closure, rapid mold 
fill-out, and less tendency of the mix to escape after 
die closure. 


Long Pot Life—Because of their natural low reac- 
tivity, ASP’s have excellent pot life characteristics. 


Outstanding Electrical and Physical Properties— 
ASP’s offer a desirable combination of electrical prop 
erties including high dielectric strength, high arc 
resistance and a low power factor. Reasonable quan- 
tities of ASP fillers can be used without serious loss 


in flexural, tensile, compression and impact strength 
They have excellent water and chemical resistin; 
characteristics, and their flat shape and freedom 
from foreign particles make them non-abrasive. 


Positive Shrinkage Control—ASP’s aid in controlling 
uneven cooling and shrinking that cause cracking 
and low physicals because they prevent excessively 
high exothermic peaks. The rapid absorption of exo 
thermic heat by ASP’s produces a more even internal 
cooling rate. 


Ease of Molding—ASP’s assure molding ease because 
of their optimum combination of certain properties 
such as low viscosity, thixotropy, and natural lu 
bricity resulting from their plate-like shape. 


Superior Surface Characteristics—ASP’s produce 
smooth surfaces of high gloss because of their re 
fractive index and flat, plate-like particle shape 
High opacity or some translucency can be obtained 
depending on the type of ASP used. The non-reactive 
nature of ASP’s aids in obtaining good adhesion of 
protective or decorative coatings. 


Wide Range of Particle Size Grades—ASP’s have a 
particle size range from 0.55 microns to 4.8 microns 
with intermediate sizes 


ASP Distributors Offer Service and Warehouse Stocks 


CALIFORNIA, SAN FRANCISCO 11 
E. M. Watts CoMPANY 
353 Sacramento Street 
CALIFORNIA, VERNON 58 
CHEMICAL-ADDITIVES COMPANY 
3155 Leonis Boulevard 
CANADA, BRITISH COLUMBIA 
MAcKENZIE & FEIMANN LTp. 
845 E. Hastings Street 
Vancouver 4 
CANADA, MONTREAL 9, P.Q. 
Drew, Brown LimitreD 
5410 Ferrier Street 
CANADA, TORONTO 18, ONT. 
Drew, Brown LimITED 
10 Titan Road 
COLORADO, DENVER 2 
GeorcE C. Branopt, INc. 
1920 Market Street 
FLORIDA, JACKSONVILLE 
C. Wirstneton, Inc 
1641 Landon Avenue 
GEORGIA, ATLANTA 
SouTHERN StraTes CHEMICAL Co 
1061 W. Marietta Street, N.W 
ILLINOIS, CHICAGO 8 
COMMERCE PETROLEUM COMPANY 
2980 Archer Avenue 
"INDIANA, INDIANAPOLIS 25 
Srroum Wuse. & CartTace Co 
359 West Ray Street 
KANSAS, KANSAS CITY 
Grorce C. Branpt, Inc. 
3150 Fiberglas Road 
KENTUCKY, LOUISVILLE 
Wm. B. Taster Company 
P. O. Box 1254 
LOUISIANA, NEW ORLEANS 18 
Barapa & Pace, Inc 
Maple & Leake Avenues 


MARYLAND, BALTIMORE 1 
Van Horn, Metz & Co., Inc. 
516 N. Charles Street 


MASSACHUSETTS, BOSTON 11 
T. C. AsH_ey Company 
683 Atlantic Avenue 

MEXICO, MEXICO CITY 6, D. F. 
WATSON, PHILLIPS 
y Cia., Sucs., S.A. 
Apartado Postal #67 


MICHIGAN, DETROIT 7 


A. E. FLeminGc COMPANY 
1900 E. Jefferson Avenue 


MINNESOTA, ST. PAUL 14 
GeorceE C. Branpt, INc. 
739 Pillsbury Avenue 


MISSOURI, ST. LOUIS 7 
Barapa & Pace, Inc 
Ft. of Destrehan Street 


NEW YORK, BUFFALO 10 
James O. MeyYERsS Sons 
290 Larkin Street 


NEW YORK, NEW YORK 6 
Superior MaATERIALs, INC 
120 Liberty Street 


NORTH CAROLINA, CHARLOTTE 


SOUTHERN States CHEMICAL Co, 


1039 Bond Street 


OHIO, CINCINNATI 3 
C. L. ZIMMERMAN COMPANY 
Cincinnati Union Terminal! 


OHIO, CLEVELAND 14 
A. C. Mue.ierR Company, INn« 
616 St. Clair Avenue, N.E 


OKLAHOMA, OKLAHOMA CITY 
Barapa & Pace, Inc 
1700 West Grand Avenue 


*Warehouse only. For office see Louisville, Kentucky. 


CORPORATION OF 
5759 Essex Turnpike, Menio Park, N.J. ¢@ 


Leaders in creative use of non-metallic minerals 


OKLAHOMA, TULSA 3 
Barapa & Pace, INc 
26 North Guthrie St 


OREGON, PORTLAND 1 
CorDANO CHEMICAL COMPANY 
56 Southeast Belmont Street 


PENNSYLVANIA, CONSHOHOCKEN 
(PHILADELPHIA AREA) 
Van Horn, Metz & Co., Inc 
241 E. Elm Street 


PENNSYLVANIA, PITTSBURGH 21 
J. C. ACKERMAN COMPANY 
789 Penn Avenue 


SOUTH CAROLINA, GREENVILLE 
SOUTHERN STATES CHEMICAL Co 
25 Peden Street 

TEXAS, DALLAS 10 
Barapa & Pace, Inc. 

3306 Borich Street 


TEXAS, HOUSTON 21 
Barapa & Pace, INc. 
Kirbyville & Murphy Sts. 


VIRGINIA, RICHMOND 28 
VAN Horn, Merz & Co., Inc 
6101 Staples Mill Road 


WASHINGTON, SEATTLE 4 
D. B. SmrrH Company 
1016 First Avenue South 


WISCONSIN, MILWAUKEE 9 
COMMERCE INDUSTRIAI 
CHEMICALS, INC 


6377 N. Tutonia Avenue 


AMERICA 


Cable Address: ‘‘MINCHEM"’ 





The biggest line of fabrics for COATING 


PPM A Lom Og aol oe 
LG PDP EP OEES Bige- < oo 
fh - a 
: . * , ee. 8 +S eee 
pn IL 


-— 


FLEXIBLE AND TOUGH... Wellington Sears broken twills 


are widely favored by the coating industry, particularly for auto- 
mobile upholstery, because of their high tear resistance and tensile 
strength. Their surface smoothness makes a consistently good look- 
ing finished product and their flexibility adds good tailoring qual- 
ities. Wellington Sears broken twills, soft-filled sheetings and 
sateens are made up to 72 inches wide in weights of about 6 to 10 
ounces per square yard. 


VERSATILE BACKING... Uniformly high quality standards 


of our well-known Columbus sheetings, and also Wellington Sears 
drills, have established them in a wide variety of coating applica- 
cions. These fabrics are suited for large-volume use items—wher- 
ever high quality, flexibility, easy handling and a minimum of pro- 
duction rejects are essential. Drills are made up to 72 inches wide, 
4% to5% ounces per square yard. Columbus sheetings are available 
40 to 120 inches wide, from 2 to 5 ounces per square yard. 


NEW STRENGTH, NEW LIGHTNESS... Welkote is the 


Wellington Sears filament nylon backing fabric specifically engi- 
neered for vinyl and neoprene coating. In truck covers, tents, tar- 
paulins and other protective coverings, Welkote serves to impart to 
the coated material superior tear strength, tensile and bursting 
strength, and flexibility, while giving the finished product remark- 
able lightness. Available in 36 to 72 inch standard widths (special 
widths on request), in three basic weights. 


SMOOTH, CLEAN SURFACE... Already established in the 


upholstery field, and developing rapidly in others, this rayon staple 
fabric furnishes a coating surface that is outstanding for smooth- 
ness and cleanliness. In addition, it contributes superior tear 
strength. This fabric is made in various standard weaves in widths 
up to 72 inches and weights from about 4 to 10 ounces per square 
yard. Other Wellington Sears synthetic fabrics include filament 
rayon; filament and spun nylon, Dacron*; spun dynel and Orlon**, 


VITAL ELASTICITY... KnitKote is a cotton knit fabric spe- 


BRDRRHRS AES S Bas 
cifically designed for backings, supplying vital elasticity with per- yall HTT : i ' 
fect shape retention. KnitKote backing gives leathercloth an ease . ' 
of tailoring unsurpassed by other backing materials, a feature of 
great importance to the final fabricator. KnitKote is an outstand- 
ing base material for coated automotive and furniture upholstery. 

It is available in the grey or dyed neutrally, 52 to 60 inches wide, 
3.60 to 6.70 ounces per square yard. 


NEW RESILIENCE «++ Lantuck-NR non-woven fabric is de- 


igned specifically to reinforce vinyl film or coating. A completely 
random distribution of nylon and rayon fibers is bonded with a spe- 
cial agent, to give vinyl high tear strength; outstanding stretch 
ind recovery; easier, neater tailoring; smooth even surface—no 
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lothiness; good embossing surface; durability and economy; equal 

tensile strength, tear and stretch characteristics in all directions. 
his and other Lantuck fabrics for coating are made in a variety 
f 


if weights, fibers and constructions in widths from 37 to 59 inches. 


*DuPont’s trademark for its polyester fiber 


TP 
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**Dupont’s trademark for its acrylic fiber 
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Wellington Sears \ 


First in Fabrics For Industry Wellington Sears Co., 111 West 40 Street, New York 18, N. Y. J strom 
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now lroytuf DACRON and ORLON 


REINFORCING BLANKETS 


solve tough abrasion, corrosion and surfacing problems 





If you're facing any of the above problems, you'll 
find it profitable to read this message. 


Typical Troytuf Applications 


Troytuf Dacron and Orlon Blankets are extra-tough, 
light-weight, easily handled, binder and adhesive- 
free reinforcing materials specially suited to mold- 
ing and laminating. 

They differ from most reinforcing media in that 
their fibres are tightly interlocked into easily-han- 
dled blanket form by means of a novel needle-punch- 
ing operation. 

Troytuf Dacron is a general purpose blanket 
suitable for a wide variety of applications. Troytuf 
Orlon is specially fitted for applications involving 
weather exposure, and for finished laminates 
requiring paint. 

Troytuf Blankets naturally lend themselves to 
the molding of deep-draw pieces because the loose 
material readily conforms to irregular shapes. And 
their excellent dielectric properties ideally suit them 
to printed circuitry, radomes and other electrical 
and electronic applications. 

To find out more about Troytuf Blankets—their PRINTED CIRCUITRY: Troytuf Dacron’s electrical 
properties, prices and applications—just write. properties, wet or dry, are better than these 
We'll be happy to send you samples and a copy of —— ee ee ee lle 
our illustrated Troytuf Technical Data Brochure. aa . ° ” 
TROY BLANKET MILLS, 200 Madison Avenue, 

New York 16, N.Y. 


SURGICAL TRAY: 

Troytuf Dacron and 

fiberglass in this sur- 

gical instrument tray 

offer abrasion and 

stain resistance; en- 

able tray to withstand autoclaving. Made by Molded Fiber- 
glass Tray Co., Linesville, Pa. 





IMPORTANT ECONOMY NOTE 
In many applications it is possible to keep most of 
the properties and advantages of Troytuf Blankets, 
while using them only as veils and/or overlays. 











These are the big Troytuf benefits 


Higher abrasion resistance than glass 

Better resistance to corrosive mineral acids 
BUILDING BOARD: Troytuf Orlon-reinforced 
IPM panels serve as weather-shields on 
Bremerton Elementary School, Bremerton, 
Wash. The school is one of eight public 
buildings in the area to use this panel, 
made by Industrial Plastics Manufacturing 
Co., Seattle, Wash. 


Exceptional weatherability (Troytuf Orlon) 


A safer material for food, drug-handling machinery 
and containers 


Smoother, better-looking finish 
Low moisture absorption 
More uniform absorption 


More uniform fibre loading—no resin-rich corners 


_——— =e ee ee ee ee ee ee 


Better formability after curing 


Elimination of pre-forming 


REINFORCING I BLANKETS 
*Dupont trademark 
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Ferro fiber glass reinforcements for plastics... 
each with uniformity that always conforms to your “specs’”’ 


Your every order of Ferro fiber glass reinforcements must check 
out to Ferro’s high-quality standards at every stage of produc- 
tion. Each item of your order must conform to your ‘“‘specs’’, or 
we don’t ship! This is the best way we know to guarantee you 
uniformity — to help you end production and sales problems write for addresses of Ferro plants in 
caused by possible variations in your reinforcements. Argentina, Australia, Brazil, England, 
Ferro produces fiber glass for one purpose only, the reinforce- = Holland, Hong Kong, Mexico, South 
ment of plastics. That’s why we can work to such close specs,  A/rica; and affiliates in Chile, France 
and hold them, day after day, in production. and Japan. 
Write for samples, prices, specifications, on Ferro’s complete 
line of fiber glass reinforcements. 


FERRO CORPORATION FIBERGLASS DIVISION 
Fiberglass Ave., Nashville 11, Tenn. * Huntington Beach, Calif. 
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opment facilities are ready to help find 
the exact fabrics to meet your particular 
needs. 


Write,. wire or call for fast service. Get to know FLIGHTEX— you'll like our way of doing business. 
Write for our Specification Guide. 


TEX FABRICS, INC. 


93 Worth St. New York 13,N. Y. 





pre-impregnated aterials 


Coast to coast technical service e Conforms to military and industrial specifications 
e One year shelf life for most types @ Accurately controlled characteristics ¢ Complete 
prepreg selection e Custom formulations e Volume production facilities 


Stanpreg 


G-P1 polyester A-PH phenolic 
new new 


glass prepreg glass prepreg 
Flexural strengths range from 80,000 psi at Heat resistant structural materials for bag or 
room temperature to 30,000 psi at 450°F. press molding. Flexurals of 59,000 psi after 
Flame resistant. Top electricals. 100 hours at 500°F and 53,000 psi at 600°F. 


tanpre 


polyester prepregs Glass 
cloths, woven rovings and mats fo 


structural, electrical and flame resistant prop- 
erties. Military and commercial types. 


phenolic prepregs Glass cloths 
r optimum yor elevated temperature and general purpose 
use. Papers for cold and hot punch electrical 
applications. Cotton and synthetics for spe- 
cial requirements. 


epoxy prepregs Glass cloths for 
highest electrical and physical characteristics. 
Paper for electrical punching grades. Flame 
resistant. 


silicone prepregs Glass cloths 
for maximum strengths at exceptionally high 
temperatures. Variable drape for low and high 
pressures. 


Standard Insulation Company 


74 Paterson Avenue, East Rutherford, New Jersey—Telephone WEbster 9-5400 
States west of Mississippi River Michigan: 
Fiber-Resin Corporation H. Stark & Sons 
125 West Verdugo Avenue 16147 Meyers Road 
Burbank, California Detroit 35, Michigan 
Telephone: Victoria 9-4608 Telephone: UNiversity 3-6200 
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.. + An outline of its unusual properties 
Powhatan Mining Co. is the exclusive pro- 
ducer of Powminco asbestos fiber, used as 
a filler and an absorbent and extender in 
phenolic and polyester resins. It is the only 
completely fiberized acid resistant asbestos 
fiber in the United States. 


Powminco Asbestos is practically inert. It 
is not affected by as much as four hours boil- 
ing in concentrated hydrochloric acid. This 
gives it a distinct advantage over ordinary 
chrysolite fiber when used in molding com- 
pounds that require an acid catalyst (pheno- 
lics, for example), and in casting resins. 





FILLER FOR MOLDING COMPOUNDS 
POWMINCO ASBESTOS ... 


Powminco Asbestos, an anhydrous magne- 
sium silicate, has very little water in its com- 
position. This results in unusually low shrink- 
age when it is included in plastic compounds 
used in molding and tooling operations. 
Other desirable characteristics of Powminco 
Asbestos are its extremely low magnetic iron, 
and its very high dielectric strength. 


The Powhatan Mining Co. controls the pro- 
duction of Powminco Asbestos from mine to 
finished fiber, and every processing operation 
is performed under strict quality controls. 

We wili gladly supply working samples 
without charge or obligation. Write to us on 
your letterhead. 











POWHATAN MINING 


Woodlawn, Baltimore 7 


COMPANY 


Maryland, U.S.A. 
Cable address: “Powminco” 




















LOW 
COST 


Jor REINFORCING 


/2" flakes or other sizes to 


100 mesh ... transparent and colorless .. . 


chemically inert . . . compatible with all types 


of resins. Stocks in principal cities. 


U.S. MICA CO.,INC. 


79 PROSPECT ST. STAMFORD, CONN. 


FINELY GROUND 


MICA FILLERS 


From 160 mesh to a theoretical 3000 mesh... . 
high impact resistance . 


. . low moisture absorp- 
tion... 


. and best thermal and electrical prop- 
erties of any mineral filler. Stocks strategically 
located for your convenience. 


Che English Alica Co. 
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“REINFORCEMENTS 


STANDARD-UNION’s sisal will give 
you a reinforcement with good impact 
strength . . . at low cost. 

Our widely used CHOPPED SISAL is 
cut from only high-grade Haitian machine- 
dried sisal, free of oil. Sisal compounds give 
easy processing, uniform fibre flow, excellent 
moldability and part performance. 

Needled SISAL MAT gives high bulk 
and is available in rolls and cut sizes with 
widths up to 80” and weights from 21% to 
9 ounces per square foot. 

Whether you manufacture polyester and 
phenolic compounds, or whether you mold 
with polyesters and phenolics, it will pay 
you to find out more about this highly 
economical reinforcement. 


Send today for samples and our de tailed price list. 


STANDARD-UNION FIBRE COMPANY 


2950 E. Tioga Street, Philadelphia 34, Pa. 
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GLASS FABRICS 


HEADQUARTERS FOR PRE-IMPREGNATED 
FIBERGLASS FABRICS 


The following products have been tested and proved at Coast Manufacturing’s own laboratories. Com- 
plete physical data is available on each resin system. Pioneering many of the developments in high 
and low temperature resin systems, Trevarno facilities have attained the ultimate in coating and impreg- 
nating techniques. To perform its exclusive processes at the highest degree of efficiency, Coast designed 
its own impregnating plant and equipment. Special electronic instruments control the process and achieve 
consistently uniform impregnated materials. 


PHENOLICS EPOXIES 
General Purpose . . . ... . . . (F-92) General Purpose ...... . .. (F-150) 
Heat Resistant Types . . . .  (F-120,F-121, Heat Resistant Types . . . . . . . (F+160) 


122125) POLYESTERS 
SILICONES General Purpose ...... . . (F-141) 


For FlatLaminating. . . . . . . . (F-130) Heat Resistant Types . . . . . . .. (F-147) 
For Complex Contours. . . . . . . (F-131) a ee a 


Many of these resin systems are approved under military specifications 


WEBS 


All of the above resin systems are available on glass-cloth + ‘Refrasil’ + mats + asbestos + paper 


NEWLY DEVELOPED TREVARNO HIGH GLASS CONTENT 
MOLDING COMPOUNDS 


Available in phenolics, silicones, epoxies and polyesters. For extreme high temperature applications 
“Refrasil'’ molding compounds are now available. 


OTHER RESINS 


Regular and special resins produced by Bakelite, Reichold, Monsanto, Dow-Corning, General Electric 
and other leading resin manufacturers are impregnated to customer's specifications. Proper drape, tack 
and flow characteristics along with correct resin content is guaranteed lot after lot. 


Customer designated resin systems are available on mats, papers, asbestos, etc., both glass and syn- 
thetics. Special colors also available. 


The technical service facilities of Coast Manufacturing & Supply Company are available to you for help 


in developing special resin system formulations and materials to meet your most exacting requirements. 


For quotations, write your nearest Trevarno Sales Office. 


ALSO AVAILABLE, A FULL LINE OF TREVARNO INDUSTRIAL 
AND BOAT AND TOOLING FIBERGLASS FABRICS 


COAST MANUFACTURING & SUPPLY COMPANY 
GENERAL OFFICES: LIVERMORE, CALIFORNIA PLANTS AT: LIVERMORE, CALIFORNIA; SEGUIN, TEXAS 


SALES OFFICES: 4924 GREENVILLE AVENUE, DALLAS, TEXAS 
635 SOUTH KENMORE AVENUE, LOS ANGELES, CALIFORNIA 
114 NORTH MAIN STREET, SOUTH BEND, INDIANA 
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WITH MODIGLASS FIBERS 


your reinforced Plastics are STRONGER 
... LOOK BETTER 
... LAST LONGER 


Since 1940, we have been pioneers in the development of Glass 
Fibers for use by the Plastics Industry. 

With a new Research and Product Development Center in 
Florham Park, N. J. and modern manufacturing facilities 
operating in our own new plant in Bremen, Ohio, Modiglass 
Fibers, Inc. has the experience, capability and capacity to fill 
your every reinforced plastics and laminating need. 


SURFACING MATERIALS: DECORATIVE FIBERS: 


A complete line of Glass Fiber products designed to im- A complete line of products offered in unlimited colors — 
prove the wearability, weatherability and appearance of designed to give you unusual patterns and effects. 
your products. The use of Modiglass Fibers can substan- 


tially reduce the number of rejects you encounter. Decorative Veil: A soft, drapable materiali—conforming with- 


: out tailoring to compound curves and dee 
Modigiass Veil: For thin, flat laminates. Recommended for 8 P ? 


surfacing preforms and sharp contoured draws. May be had in various colors. 
forms 


Serteci Random Decorative Mats: 
ie Sees dear’ sence Gee Gone A random pattern of continuous filaments 
flat and gently curved laminates. In thick- m 8 soft, drapable mat which conforms 
nesses from 5 mils to 30 mils. without tailoring to compound curves and 
deep draws. In white and colors. 


STRUCTURAL TAPES AND MATS: Colored Surfacing Mats: 


idi Recommended for use in many decorative 
These unidirectional reinforcements offer you unusually applications. Available in white and many 
high physical properties. They are made in weights rang- diet ele 
ing from % oz. up to 3 ozs. P.S-F. 


Structural Tapes: For such long, narrow laminates as skis, ee ia ewe P 
- fishing rods, ribs and stringers. The flexibility of the “Modigliani” process makes possible 
the solving of many difficult new product problems. Let 


Structural Mats: Ideal for reinforcing laminates requiring us help you to produce a better product. 
a high glass content, high strength and 


superior rigidity. 
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MODIGLASS Fibers, Inc. 


FLORHAM PARK, NEW JERSEY 


NICOLET AVENUE 
FRontier 7-7400 











for the exacting needs of guided missiles 


SUNFORM can 


Light, strong, and able to resist high heats, Sunform 
~—Electro-Tech’s latest pre-preg—is spearheading 
the role of plastics in the new era of space flight. 

Now vital in many missile and rocket applica- 
tions, Sunform may provide an answer to some of 
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Electro-Technical Products 
DIVISION OF 


Sun Chemical Corporation 
113 East Centre Street, Nutley 10, N. J. 


In Western United States: Furane Plastics, Inc., 4516 Brazil Street,, 
Los, Angeles 39, California. . 


be the answer 


your basic problems, too. Electro-Tech’s new series 
of Sunform phenolics, epoxies and silicones meet 
rigid military specifications—you can be assured of 
uniformly high quality and performance over a 
wide range of applications. 


eeereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 


FOR FREE SUNFORM DATA AND SAMPLES 
clip this to your company letterhead and mail today 


Electro-Technical Products—Div. of Sun Chemical Corp 
Dept. E5-461,113 East Centre St., Nutley 10, N. J 


Please send me your free Sunform material 


Name a ——— Title__ 


Firm ——— sstimnatinaniameei 


Re iiidansnikeneveinnin 


City Zone___State__ 
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Laminates and Reinfo 
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EDITORIAL TEXT FOR THIS SECTION BEGINS ON PAGE 516 


COLORANTS 


Perso Corpermiion, Color Toi. .....05 cece cccesseescans 


EXTRUDERS 


Polygon Plastic Company 
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GYPSUM CEMENTS 
United States Gypsum 


LAMINATORS 
Aerojet-General Corp., Sub. The General Tire & 

Rubber Company 540 
Coating Products Inc. 539 
Continental-Diamond Fibre, Div. The Budd Co., Inc. 547-550 
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Hurlbut Paper Company 
Morart Gravure Corp. 
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Laminates and Laminating 


BY F. W. JAHNS, JR.* 


A. a descriptive term used in 
the plastics industry, “laminates” 
covers the ground from vinyl 
sheets bonded together with deco- 
rative filler in-between to rein- 
forced plastics moldings. Loosely, 
a plastics laminate can consist of 
two or more sheets or films of 
plastics bonded together either 
with or without a substrate in- 
between, or it can “consist of 
superimposed layers of a syn- 
thetic resin-impregnated or 
-coated filler which have been 
bonded together, usually by 


means of heat and pressure, to 


form a single piece.” 

The expression “laminate” as 
used in this article will refer to 
the latter classical definition. 
Here too, however, a breakdown 
between “high-pressure lami- 
nates” and “low-pressure lami- 
nates” should be noted. 

Basically, all of the various 
thermosetting laminates are being 
made by applying heat and pres- 
sure to filler materials that have 
been impregnated with a thermo- 
setting resin. The heat and pres- 
sure thus applied serves to fuse 
the material into a dense, solid 
mass that may be produced in 
sheet, tube, or 
molded shapes. 


rod form, or as 


In the past, the pressure re- 
quired for manufacturing the 
laminates has been used as a di- 
viding line. The “high-pressure 
laminates” (which will be dis- 
cussed in this article) are those 
requiring curing pressures over 
1000 p.s.i. Further subdivision of 
this group is made on the basis of 
* Supervisor, Tech. Sales Serv., Continental- 
Diamond Fibre Corp., Subs., The Budd Co 
Newark, Del 


Recent Developments and References were 
prepared by the editors. 
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filler, resin type, or end-use (e.g., 
phenolic-glass, silicone laminate, 
decorative laminate, etc.). 

The “low-pressure laminates” 
originally referred to those lami- 
nated materials, e.g., plywood and 
other nonplastics, made by im- 
pression molding or similar meth- 
ods that did not require pressures 
over 400 p.s.i. With the appearance 
of new filler-resin combinations, 
however, such as the fibrous 
glass-polyesters, that could also 
be molded at pressures under 400 
p.s.i., the concept of “low-pressure 
laminates” was expanded to take 
in these materials. To add to the 
confusion, the term “reinforced 
plastics” has also come into use to 
describe these same materials, 
e.g., the glass-polyesters. 

Today, the terminology in this 
area might be summed up in this 
way: “reinforced plastics” is vir- 
tually synonymous with “low- 
pressure laminates.” A few years 
back, when one spoke of “rein- 
forced plastics,’ chances are he 
was talking about polyester-glass 
combinations. Today, with all the 
activity going on with new resins, 
e.g., epoxies, and new reinforce- 
ments, e.g., asbestos, synthetic 
fibers, etc., the description can be 
applied to any fiber-reinforced 
resin. One further note: although 
the “low-pressure” terminology 
is still used, it should be remem- 
bered that in the interest of pro- 
duction economies, techniques in- 
volving higher and _ higher 
pressures are being used to mold 
“reinforced plastics.” Some are al- 
ready close to the pressures used 
for the “high-pressure lami- 
nates.” A further discussion on 
this will be found in the article 


on “Molding Reinforced Plastics,” 
which begins on p. 529. 

One other departure from this 
accepted terminology should also 
be mentioned. Vulcanized fibre, 
although it has only one compo- 
nent, cellulose, may be considered 
a laminated plastic. It is made up 
of a number of layers or “lami- 
nations” of cotton cellulose paper. 
See p. 528 for a further discussion 
of “Vulcanized Fibre.” 


Resins for laminates 


Probably the most widely used 
resins in the high-pressure lami- 
nating field are the phenolics. 
These resins are low in cost, have 
good mechanical and electrical 
properties, possess good heat and 
flame resistance, resist normal 
moisture conditions, and are un- 
affected by mild acids and alka- 
lies. Most paper- and _ cloth- 
reinforced laminates are of the 
phenolic type. 

Melamines, because of their ex- 
cellent color range, their good 
color retention, and their abrasion 
resistance, are used extensively 
in decorative laminate manufac- 
ture. The resin has, in addition, 
good resistance to flame, alkalies, 
arcing, and tracking, and conse- 
quently is also used for many in- 
dustrial laminates (primarily in 
electrical applications). Mela- 
mines are more costly than phe- 
nolics. 

Epoxy resins, also relatively 
costly, are used with fibrous glass 
cloth to provide a high degree of 
resistance to acids, alkalies, and 
solvents, as well as extremely low 
moisture absorption. Other prop- 
erties of epoxy laminates: good 
dimensional stability, high me- 
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chanical strength, minimum gas- 
sing, high fungus _ resistance, 
superior bond strength, and com- 
patibility with epoxy potting com- 
pounds used for encapsulation. 
Silicone resins are also used 
primarily with fibrous glass cloth 
to provide a high degree of tem- 
perature resistance and superior 
electrical properties. They can re- 
sist heat up to about 500° F., and 
they have higher arc resistance 
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and lower moisture absorption 
than phenolic laminates. They are 
also higher in cost than the latter. 

Polyester resins are used pri- 
marily in low-pressure laminate 
applications. They are also used 
somewhat in the high-pressure 
laminate field where they provide 
relatively good mechanical and 
electrical properties. 

A new family of resins being 
used with fibrous glass for high- 


pressure laminates are the fluo~ 
rocarbons (e.g., TFE and TFCE). 
These laminates have outstanding 
heat resistance and are able to 
retain their low-loss electrical 
properties over a broad frequency 
range. In addition, they have an 
extremely low coefficient of fric- 
tion and good resistance to chem- 
ical attack by most materials. 

A wide range of base materials 
can be used with the resins de- 











New plastics laminates (Dilecto, Continental- 
Diamond Fibre Corp., subs. of Budd Co.) com- 
bine good flame-retardant properties with the 
high strength and electrical qualities inherent 
in laminated plastics. Special chemical addi- 
tives dampen and extinguish flames started by 
electric arcs or other sources. Included in the 
line are paper-base phenolic resin laminates, 
glass-mat polyester resin laminates, and glass- 
base epoxy resin laminates. 


A saturating base paper (Grade No. 101, 
Knowlton Bros.) has been developed for elec- 
tronic laminates and other applications re- 
quiring high absorbent capacity. The low- 
density paper is extremely uniform in weight 
and thickness. Its high alpha-cellulose content 
gives it a good absorbency rating. Sheets of 
the paper, impregnated with phenolic resin, 
are used in printed circuits and insulation. 


A new melamine-surfaced decorative lami- 
nate (Beau-Myte, BoMyte Co.) is denser and 
smoother than former laminates of this type. 
The product exceeds NEMA standards for 
high-pressure thermosetting decorative lamin- 
ates. The laminated sheet is supplied for direct 
application to furniture surfaces or as a com- 
pletely assembled unit permanently laminated 
to a particle board or plywood core. 


A continuous-filament, woven glass fabric- 
base laminate (Grade G-11, Synthane Corp.), 
impregnated with a heat-resisting epoxy resin, 
retains at least 50% of its initial flexural 
strength after baking for 1 hr. at 150° C. Sug- 
gested applications include guided missile 
parts, printed circuit boards where high bond- 
ing strength gives improved performance, and 
all applications requiring resistance to fungi 
attack. 


Small diameter, paper-base phenolic tubing 
(Phenolite Grade XX-3113, National Vul- 
canized Fibre Co.) is recommended for high 


strength, press-fitted mechanical and electrical 
assemblies. It is available in I.D. sizes ranging 
from 0.093 minimum to 0.379 in. maximum; in 
wall thicknesses from 0.010 to 0.088 in., depend- 
ing upon piping size; and in lengths up to 25 
inches. 


An epoxy resin-impregnated glass fabric 
(Nelco 100 and 102, New England Laminates 
Co., Inc.) exhibits superior punching and ma- 
chining, high insulation resistance and dielec- 
tric strength, and low resistance to circuit 
flushing. It is available plain or copper-clad on 
one or both sides. A new epoxy resin-impreg- 
nated paper-base laminate (Nelco 130) shows 
superior dimensional _ stability, excellent 
punchability up to %2 in. thick, low water ab- 
sorption, and high resistance to degreasing 
vapors. It is also available in plain or copper- 
clad versions. 


A new epoxy-paper laminate (Textolite No. 
11574, General Electric Co.) features outstand- 
ingly clean punching at room temperature, has 
electrical and mechanical properties exceeding 
NEMA XXXP requirements, and is self- 
extinguishing. It can be supplied with 1- or 
2-oz. copper foil on one or both sides, or with- 
out copper. A new copper-clad glass-epoxy 
laminate (Textolite 11558) has a copper-to- 
laminate bond as resistant to cyanide plating 
solutions, solvents, and thermal aging as the 
base laminate itself. It will easily pass any dip 
solder specification in the industry. 


A paper-base phenolic laminate (Grade 320, 
Taylor Fibre Co.), with good electrical char- 
acteristics, can be used in critical electrical 
and electronic circuits and where a high degree 
of electrical insulation is required. It has low 
dielectric loss, high dimensional stability, in- 
sulation resistance, and surface resistivity. It 
is mechanically strong, resists fungus growth, 
and maintains electrical characteristics after 
prolonged exposure to high humidity. 
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Rugged linen-base phe- 
nolic laminate can be pre- 
cision punched into intri- 
cate insulating spacers for 
variable air capacitor. 
(Photo, Vulcanized Fibre) 


scribed above to turn out specific 
laminates with desired character- 
istics and properties. These ma- 
terials range from papers of many 
grades to various synthetic and 
natural fibers, as well as asbestos 
and other special materials. 
Laminates based on paper rein- 
forcement are generally used for 
electrical applications rather than 
in products for which mechanical 
properties are important. Kraft 
paper (from wood pulp) offers 
good mechanical strength plus 
low cost; alpha-cellulose paper 
(purified of wood pulp 
paper) provides better electrical 
properties and improved ma- 
chinability; and rag paper (from 
pure cotton fibers) gives improved 
strength plus 
absorption. 
Mechanical grades of plastics 


form 


lower moisture 


laminates, as opposed to electrical 
grades, use woven or nonwoven 
cotton fabrics as the base mate- 
rial. 

Asbestos, nylon, glass, and some 
of the other synthetic fibers are 
used when greater heat resist- 
ance, high insulation resistance, 
and high dielectric strength are 
required. 

Of course, with all these fibers, 
various types of weaves and fiber 
lengths can be utilized to create 
special properties in the laminate. 


Laminate manufacture 

Saturation: Prior to the actual 
impregnating or saturation of the 
base material with the resin, it 
is often necessary to follow strict 
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rules of storage when handling 
both the resin and the filler ma- 
terial. The resins, of course, must 
first be dissolved in a solvent to 
form the impregnation sirup. 
Generally, the resin solutions are 
prepared in fresh batches for im- 
mediate use to eliminate any 
possibility of solvent evaporation. 
When they are stored, however, 
they should be kept in air-tight 
drums, preferably in constant- 
temperature or air-conditioned 
rooms. 

Certain grades of papers should 
also be stored under controlled 
conditions of moisture and tem- 
perature. 

The initial step in the manu- 
facture of a high-pressure 
laminate is passing the reinforc- 
ing material (in untreated roll 
form) through a trough contain- 
ing the impregnating resin solu- 
tion. The roll is fed into the 
trough over guide rollers, and 
squeeze rolls or doctor blades are 
used to remove excess solution 
and to control the amount of res- 
in remaining in and on the web. 
The degree of resin penetration 
will depend on such factors as 
the viscosity of the resin, the 
temperatures used, the permea- 
bility or absorption of the filler 
material, time of immersion, etc. 

After leaving the saturation 
bath, the impregnated roll passes 
through the drying chamber or 
oven, where, by means of con- 
trolled gas or steam heat, the de- 
sired degree of “dryness” is im- 
parted by driving off the alcohol 
and other volatiles. The amount 
of resin left in the filler material 
can thus be controlled to any- 
where from 20 to 80 percent. Vol- 
atiles may be collected and re- 
cycled or condensed for re-use in 
the batching operation. 

Quality control of the degree 


of dryness is exceptionally im- 


portant, since in fillers that are 
too “dry” the resins will not flow 
when the sheets are placed in the 
laminating press. The proper 
amount of impregnation is also 
important and many manufac- 
turers maintain quality controls 
by sampling the impregnated 
sheets as they emerge from the 
“dry” end of the coating machine. 

Laminate sheets: Upon removal 
from the coating and drying ma- 
chine, the rolls are cut to the 


proper sheet size by rotary cutters 
or guillotine blades. The sheets 
are then sorted according to 
grade and thickness, and laid, ac- 
cording to the desired specifica- 
tions in the end product, one on 
top of the other in “sandwich” 
form. By weighing the lay-up, 
the laminator can decide when 
the predetermined weight that 
will give him a desired thickness 
in the finished laminate has been 
reached. 

By varying the type of sheet 
used in the lay-up, a wide range 
of properties can be built into 
the laminate. A vulcanized fibre 
facing can be used with a phe- 
nolic core, for example, to impart 
are resistance, or an epoxy-glass 
facing can be used to provide 
high mechanical strength. Sheet 
copper can even be used as a 
facing when the laminate is in- 
tended for use in printed cir- 
cuitry. 

The “sandwich” is then placed 
between Stainless steel sheets of 
about the same size as the desired 
laminate sheet and the entire lay- 
up is placed between the heated 
platens of a vertical-acting, mul- 
ti-opening platen press. The press 
is then closed, and heat and pres- 
sure are applied to effect the 
finished laminate. If sheets are 
desired that are longer in size 
than is possible to make on con- 
ventional presses, joining tech- 
niques known as “butt welding” 
or “overlaying” can be utilized. 

The platen presses used are 
heated by steam, by hot water 
under pressure, or by electricity. 
The electrically-heated presses 
are usually confined to silicone 
laminates, for which they can 
provide precisely controlled cur- 
ing temperatures. Temperatures 
and pressures average about 300 
to 350° F. at 1000 to 1200 p.s.i., 
and cycles may run from % 
hr. up to 4 to 8 hr.—depend- 
ing on thickness and number of 
sheets, type of resin and base ma- 
terial, and other factors. 

After fusion has taken place in 
the press, the laminate must be 
cooled slowly by a gradual re- 
duction of heat and pressure to 
ambient and atmospheric values, 
or else embrittlement of the sur- 
face layers may occur. In certain 
circumstances, the laminate can 
also be removed when a prede- 
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termined temperature has been 
reached, and placed in a curing 
oven at the same temperature. 
This, of course, leaves the press 
free for the next operation. 

Rolled rods and tubes: In an- 
other type of operation, as the 
impregnated sheets are taken 
from the coater-dryer, they are 
cut to desired length and rolled 
convolutely on a polished stain- 
less steel or chrome-plated man- 
drel. The mandrel, with the im- 
pregnated sheet wound around it, 
is placed between heated rollers 
and a pressure roll. For certain 
resins and filler materials, it is 
sometimes necessary to heat the 
mandrel beforehand to insure 
adequate resin flow between 
layers. As with the sheets, the 
tube assembly is cured in an oven 
to complete the fusion. The man- 
drel is then withdrawn and the 
tube is centerless ground or 
otherwise machined to the desired 
dimensions. Rods can also be 
made using this same technique, 
except that the mandrel is much 
smaller in diameter and is with- 
drawn before heat and pressure 
are applied. 

Molded rods and tubes: It is 
also possible to produce laminate 
rods and tubes by molding them 
in heated, split-type molds of 
either rectangular or circular 
cross-section. Again, however, it 
is a combination of impregnated 
sheets convolutely wound around 
a mandrel that is placed in the 
mold. In molding rods, as op- 
posed to tubes, the mandrel is 
again removed before placing the 
wound preform into the mold. 
Square or rectangular tubes are 
later sliced into a variety of 
smaller parts or they may be 
used full-length for such applica- 
tions as conduits, bus-bar insula- 
tion, etc. 

Molded laminates: Molded lam- 
inates are of particular interest 
to the design engineer, since they 
afford him an opportunity to make 
use of many intricate or unusual 
shapes similar to those formed 
from metals by the more costly 
extrusion process. Two tech- 
niques are generally used: either 
cut-to-shape impregnated mate- 
rials or chopped-up (macerated) 
impregnated materials are placed 
in a mold of the required design 
and cured by applying heat and 
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pressure. By proper saturation, 
use of preforming techniques, and 
correct positioning of the mate- 
rial in the mold, the final product 
can be given greater strength and 
more accurate contours than 
would be possible by fabricating 
the part stock. 
Molded-macerated laminates are 
particularly adaptable to intricate 
shapes or to parts requiring great 
mechanical strength 
properties, e.g., 


from sheet 


and wear 
truck 
parts, 


casters, 


wheels, pulleys, valve 


gears, etc. 


Combination laminates 

As requirements have become 
more specialized, the trend in 
the “high-pressure laminates” 
field has been towards the use of 
plastics laminates in combination 
with other materials, e.g., steel, 
aluminum, copper, rubber, cork, 
etc., to achieve distinctive prop- 
erties in a single material. The 
strength-weight ratios, for ex- 
ample, can be improved, resist- 
ance to abrasion, corrosion, and 
impact can be increased, a greater 
range of electrical characteristics 
are possible, and so on. 

For many years, metal tubes 
have been covered with phenolic 
laminates for use as conveyor 
rolls in metal-processing opera- 
tions. It is also possible to use 
conductive inserts, such as alu- 
minum or copper foils, in the 
make-up of paper-base or other 


types of laminates. The conduc- 
tive inserts provide a means of 
ground connection and also in- 
crease the corona resistance due 
to improved distribution of the 
electrical stress. 

Combinations of laminates with 
cork or rubber serve to seal the 
tops of electrolytic condensers 
more effectively than either ma- 
terial alone. Retainers for pre- 
cision ball bearings, made from a 
combination of a plastics laminate 
with aluminum, provide great ac- 
curacy and permit reduction of 
the bearing size. Printed circuits 
use a plastics laminate in com- 
bination with copper to give 
structural strength and punching 
characteristics to the copper while 
providing high dielectric strength 
and arc resistance. Aluminum 
tubes with phenolic-fabric lami- 
nates are used in aircraft land 
gear equipment and hydraulic 
pistons. The combinations thus 
possible are endless. 


Applications 


Because the laminates can thus 
be designed so as to offer any 
specific combination of a wide 
range of properties, their use as 
a valuable industrial and engi- 
neering material is 
Innumerable combinations of 
electrical, physical, and mechan- 
ical properties are available—and 
not only in the special laminates 
described above but in the 


increasing. 


Representative electrical and mechanical parts fabricated from 
plastics laminates run the gamut from small bearing rings to 
larger, complex terminal blocks. (Photo, Continental-Diamond) 








TABLE |: Properties and applications of industrial NEMA grade laminates’ 








Typical properties 





Paper phenolic. General-purpose grade, high 
strength, low cost. 
Paper phenolic. Punch grade, not as strong as X. 
Low cost. 
Paper phenolic. Similar to P but recommended for 
punching at ambient temperatures. Lower strength 
and greater cold flow than P. 
wee, phenolic with better electrical properties than 
or P. 
Paper phenolic better than XX in electrical prop- 
erties and humidity resistance. Can be punched hot. 
High strength. 
Paper phenolic. Suitable for high-frequency, low- 
loss application in high humidity. 
Best paper phenolic electrical grade. Highest di- 
electric strength and lowest dissipation factor. Can 
be punched hot (some manufacturers now offer a 
special XXXP grade that can be punched cold). 
Paper base engraving stock. Core and face of con- 
trasting color. 
Similar to ES-1 except for color. 
Similar to ES-1 except for color. 
Cotton fabric phenolic. Cloth heavier than 4 oz./ 
sq. yd. Not recommended for electrical uses. High 
impact strength. 
Similar to C but with controlled electrical proper- 
ties. Better in humidity; not for high-voltage pri- 
mary insulation. Better for machining than grade C. 
Cotton phenolic with fabric less than 4 oz./sq. yd. 
Called linen grade by the trade. Better machining 
than C and CE. Lower impact strength than C. Not 
an electrical grade. 
Similar to L but with better moisture resistance and 
controlled electrical properties. Not as good elec- 
trically as paper-base laminates. Not for high-volt- 
age primary insulation. 
Melamine inate reinforced with cloth similar to 
C grade. Excellent arc resistance and better re- 
sistance to alkali than phenolic laminates. Between 
C and CE in moisture absorption. 
Asbestos paper phenolic. Better heat and flame re- 
sistance than cellulose paper phenolic. Not recom- 
mended for primary insulation at over 250 v. Diffi- 
cult to machine. Very low moisture absorption. Very 
low cold flow. 
Asbestos cloth phenolic. Properties similar to A but 
better strength. 
Staple fibrous glass cloth, phenolic binder. Excel- 
lent electrical properties under high humidity. Very 
low dielectric losses. 
Continuous filament glass cloth-phenolic laminate. 
High strength except bond strength is poor. Good 
dimensional stability at elevated temperatures. 
Continuous filament glass cloth-melamine laminate. 
Second only to silicone laminates in are and heat 
resistance. Best in flame resistance. 
Stable fibrous glass cloth with silicone resin binder. 
Superior dielectric loss and insulation resistance 
properties. Good heat and arc resistance. Meets 
AIEE requirements for Class H insulation. 
Continuous filament glass cloth with silicone binder. 
Similar to G-6 except flexural strength is higher 
and bonding strength is lower. 
Continuous filament glass cloth with epoxy resin 
binder. Extremely high flexural impact and bond- 
ing strength. Superior electrical qualities in hu- 
midity. 
Nylon cloth base with phenolic binder. Excellent 
electrical agin in high humidity. Good impact 
strength, low modulus. Easy to punch. Subject to 
flow at elevated temperatures. 
Cloth phenolic similar to C grade except that it can 
be formed into simple shapes when heated. Called 
postforming grade. 
Random fibrous glass mat bonded with polyester 
resin. A low-pressure laminate. Can be made flame 
retardant. Good arc and heat resistance. 


Typical applications 


Panels, contactors, terminal blocks, insulating 
washers. 

Spacers, switch links, and miscellaneous small 
punched parts. 

Same applications as P except for limitation of 
strength and cold flow. 





Miscellaneous parts for communication equipment, 
switchboard panels, and exposed parts. 

Relays, vibrators, tube sockets, communication 
equipment. 


Radio, radar, and television, high-voltage parts. 
Printed circuits. 

Punched parts for critical electrical application. 
High-voltage and high-frequency uses. Printed cir- 
cuits. 


For engraved nameplates. 


For engraved nameplates. 

For engraved nameplates. 

Mechanical application gears and bearings, rayon 
spinning buckets, miscellaneous disks, pistons, and 
rings for pumps and valves. 

Bus bars, panel boards, slot wedges. Many applica- 
tions same as C. 


Mechanical parts for pumps, valves, clutches, etc. 
Small gears and bearings. 


Small parts, both mechanical and electrical, that re- 
quire good punching and machining qualities. 


Electrical uses requiring are resistance. High-volt- 
age switchgear and terminals. 


Low-voltage, electrical application in_ electric 
welders, traction motors, etc. 


Often molded into shapes for collector rings, com- 
mutator parts, and armature wedges. 
Electronic equipment. 


Electronic equipment. 


Electronic equipment. Printed circuits for high 
voltage. 


Electronic application requiring Class H material or 
very low dielectric loss. 


Similar to G-6. 


ie Gey electronic parts. Printed circuits for 
military applications. 


Specified by MIL-P-15047 for certain military ap- 
plications. 


Used to form angles, channels, and other simple 
shapes. Not recommended for high-voltage electri- 
cal applications. 

Mechanical and electrical uses. Excellent for struc- 
tural applications requiring an insulating material. 


To choose a laminate for a particular sqotation, reference should be made to the standards publication of the National Electrical Manufacturers Asso- 


ciation, 155 E. 44 St., New York 17, Y., or to the catalogue information supplied by one of its members. In most cases, catalogue information is to 
be preferred because manufacturers often have more than one grade corresponding to a given NEMA classification. 
1 Prepared by Laminated and Insulating Products Dept., General Electric Co. 
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standard laminates as well (see 
Table I: Properties and applica- 
tions of laminates, p. 520). 

The high strength-weight ratio 
of plastics laminates, their great 
tensile strength, flexural strength, 
and rigidity make them ideal for 
many structural, aircraft, and 
other important industrial appli- 
cations. In addition, they are 
easily machined and unaffected 
by steam, oil, and most corrosive 
atmospheres. They are excep- 
tionally wear-resistant and will 
not delaminate under normal 
conditions. Gears machined from 
laminates take advantage of 
many of these outstanding prop- 
erties and today are one of the 
larger markets for the materials. 

The excellent dielectric prop- 
erties of the laminates have 
opened up a good number of ap- 
plications in the electrical field. 
For one thing, they can allow re- 
ductions in the size of electrical 
insulating parts that must also 
withstand high mechanical 
stresses. Epoxy laminates, with 
their excellent dimensional sta- 
bility, low water absorption, min- 
imum gassing, and high mechan- 
ical strength, are 
increasingly 


becoming 
important in the 
electrical market. 

Printed circuits based on lami- 
nate materials seem destined to 
play a big role in industrial elec- 
tronics, electronic home appli- 
ances (transistor radios, TV sets, 
hi-fi amplifiers, electronic busi- 
ness computers, etc.), and mili- 


Decorative laminate is 
postformed on special ma- 
chine to make seamless 
counter top (old type is at 
right). (Photo, Fenwal) 
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tary applications, particularly in 
the control circuits for guided 
missiles. 

In addition to printed circuits, 
guided missile applications of 
laminates include fins and guid- 
ance systems. It should be noted 
that although these guidance sys- 
tems constitute only 5 to 10% of 
the total weight of the missile, 
they usually represent about 50°: 
of the entire cost. Glass-base 
epoxy copper-clad laminates in 
printed circuits designed for mis- 
siles contribute much to the con- 
cept of miniaturization. 

Another new field is opening 
up in aircraft and missiles for 
laminates impregnated with new 
high-temperature-resistant lami- 
nating resins. Compressor blades 
of jet aircraft engines are one ex- 
ample. Considerable work is also 
being done in this same area of 
increasing operating tempera- 
tures (over 2000° F.) with the 
theory of ablation—a technique 
whereby the hot side of the lami- 
nate is allowed to disintegrate 
under exposure to extremely high 
temperatures while the cold side 
remains sufficiently structurally 


sound to do the required job. 
For bearing applications, the 

use of a fluorocarbon resin or the 

addition of graphite and molyb- 


denum disulfide has reduced 
the coefficient of friction con- 
siderably. 

There has also been consider- 
able improvement in the deco- 
rative laminates field resulting in 
more faithful reproduction of 
colors, wood grains, and other 
decorative effects. 
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Machining Laminates 


BY GEORGE A. EBELHARE 


L aminated plastics whether 


in the form of sheets, rods, or 
tubes—are readily and easily ma- 
chined on standard metal and 
woodworking machinery. Because 
these materials have many fun- 
damental properties not common 
to metals, they are often consid- 
erably easier to 
metals—with the 


machine than 
exception of 
glass-base laminates, which re- 
quire special With 
laminated 


techniques. 
this one exception, 
have shearing 
strength, permitting the use of 
high cutting 


plastics lower 


speeds and feeds 
even on machines of light con- 
struction. These 
ties, however, necessitate certain 
modifications of metal fabricating 
practices 


same _ proper- 


before they can be 
adopted to the machining of lami- 
nates. The properties which affect 
machinery techniques are as fol- 
lows: 

1) Laminated plastics are poor 
conductors of heat. This makes it 
necessary to cut down the amount 
of heat generated. Care must be 
taken to see that tools are prop- 
erly ground and chips are re- 
moved from cutting points. 

2) Being more resilient than 
metals, laminates require greater 
clearance and less rake on cutting 
tools. 

3) Being than steel, 
laminates require tools that can 
remove chips faster than the tools 
used in machining metal. 

4) Because of the 


structure, 


softer 


laminated 
machining 
operations such as drilling paral- 
lel with the laminations, or mill- 
ing at right angles to them, will 
require additional care. 

5) The laminated structure is 
less homogeneous than metal, 
making it necessary to provide 


certain 


backing-up plates in many op- 
erations. 

6) In all machining operations 
on laminates, it is extremely im- 
portant to keep tools sharp. For 


* Fabricating gen. mer yntl rp., Oak 


glass-base laminates, diamond- or 
tungsten-carbide-tipped tools are 
necessary. Because of the heat 
generated in these cases, both tool 
and work must be flooded in a 
stream of coolant, or a special 
corrosion-inhibiting mist lubri- 
cant can be applied to the work 
with compressed air. 


Shearing 


Most laminates may be cut by 
shearing with metal shears of the 
rotary or guillotine type (see Fig. 
1, below). Up to “e-in. thickness 
in some paper-base materials and 
up to %-in. thickness in most 
fabric-base grades may be 
sheared at room temperature 
(minimum of 50° F.). Harder 
grades, including asbestos, graph- 
ite, and glass, can be sheared after 
heating from 200 to 250° F. (de- 
pending upon grade and _ thick- 
ness). With hand feeding, speed 
of cutting may be up to 50 
strokes/min. for guillotine shear- 
ing, or 600 ft./min. for rotary 
shearing. 

Guillotine shears can also be 


Fig. 1: 


used for angular cutting in addi- 
tion to straight stripping. 
When 


thicknesses that require heating 


shearing grades and 
it is necessary to heat the ma 
terial uniformly and to remove 
it from the heating medium as 
soon as it reaches the required 
temperature. 


Sawing 
Band-sawing: The standard 

woodworking band-saw may be 

used on laminated plastics. For 


blades 


should be file-hard carbon steel; 


most grades, the saw 
for glass, asbestos, and all other 
hard grades, blades should be 
hardened steel with soft backs. 
Teeth range from 5 to 8 points 
in.; and cutting speeds up to 9000 
surface ft./minute. 
Band-sawing is not 
mended for straight cuts on ma- 


recom- 


terial which is thin enough to be 
cut with a circular saw. It is 
recommended for curved or 
straight cuts on material up to 
10 in. thick where smooth edges 
and close tolerances are not re- 
Blades 


sharp at all times. 


quired. must be kept 


Circular sawing: For dry saw- 
ing, the floor or bench circular 
sawing machines that are stand- 
ard in the woodworking industry 
can be used. For wet sawing, ma- 
chines equipped for water opera- 
tion are 


required. For most 


Rotary gang shear does a fast job of precision slitting of 


laminates. Sheets can be slit to customers’ specifications, from 
narrow ribbons up to 18 in. wide. (Photos, Synthane Corp.) 
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grades, hollow-ground saws of 
carbon steel are recommended. 
The teeth should have no set and 
blades should be “6 to % in. 
thick with 4 to 8 teeth/in., de- 
pending on thickness and form of 
material. For hard grades, car- 
bide, diamond, or abrasive saws 
should be used. 

Laminates up to 1 in. in thick- 
ness can be sawed dry where 
smooth edge and close tolerance 
are required. Thicknesses up to 
4 in. can be sawed wet, provided 
special equipment and care are 
used. Cutting speeds range up to 
13,000 surface ft./min., either 
hand- or power-fed. 

Small tubing may be cut by 
feeding the material straight 
through the saw. Heavy-walled 
tubing over %4 in. in diameter 
should be “rolled” through the 
saw to prevent excessive break- 
out. 

A special long-length circular 
saw to cut sheets up to 38 in. wide 
and 25 ft. long has been devel- 
oped by one company. Equipped 
with diamond or abrasive cut-off 
wheels, tungsten-carbide-tipped 
high-carbon _ steel 
saws, depending on the material 


wheels, or 


to be cut, the new saw permits 
the production of planer-smooth 
cuts on materials up to 4 in. thick. 


Drilling 

Drills especially designed for 
use on laminated plastics are now 
available (see Fig. 2, above). 
These drills are made of high- 
speed steel and have wide, highly 
polished flutes with a high 
helix angle. Carbide-tipped drills 
should be used for hard grades. 

Since the material shrinks 
somewhat after the drill is re- 
moved, it is necessary to drill 
holes 0.002 to 0.004 in. oversize 
or to ream the hole to the size re- 
quired. The use of well-designed 
drill jigs in which the work is 
clamped between top and bottom 
plates is the best way to in- 
sure an accurate and clean job. 
When top and bottom plates are 
not used, all holes should be 
backed with a piece of wood or 
plastic to prevent break-out and 
to insure a clean, sharp hole. 

Drilling parallel with the lami- 
nations should be avoided wher- 
ever possible. If drilling must be 
done in this manner, the work 
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should be held in clamps or a drill 
jig. 

Drills should be kept perfectly 
sharp. Frequent backing of the 
drill from the hole will aid in re- 
moving the chips and decrease 
the heat produced. 

Most laminates are drilled best 
without lubricant. In _ drilling 
glass-base grades, however, the 
work should be flooded with 
water coolant or with special 
corrosion-inhibiting mist sprays 
to decrease both dust and heat. 
Recommended drilling speed is 
400 surface ft./minute. 

The tolerances on drilled holes 
will vary with the diameter of the 
hole and grade of material. With 
proper care, tolerances as close as 

0.001 in. are obtainable. 


Tapping 

Tapping procedure has_ been 
standardized for all types of ma- 
terials. A ground, high-speed 
steel tap is recommended. This 
tap has 3 flutes and for use with 
all laminates should be 0.003 to 
0.005 in. oversize. 

The drill sizes should be se- 
lected so as to leave approxi- 
of full threads. Class 
2 fits are practical in laminated 
plastics. No lubricant is needed 
under normal conditions. 


mately 75° 


Flycutting 
Flycutting is generally em- 
ployed to cut disks or large holes 
not practical for drilling. Tools 
are designed so that the center 
post holding the cutter bar can be 
used as a pilot in a previously 
drilled hole to steady the bar 


Fig. 2: Precision drills for 
use on laminates include 
single- or multiple-spindle, 
high-speed and heavy-duty 
machines 


Cutting tools must have clearance 
both in front and inside of the 
cutting edge. Recommended cut- 
ting speeds are from 300 to 400 
ft. /minute. 

All laminates can be counter- 
sunk or counterbored. The cutter 
should carry a negative rake of 
from 0 to 10°, and cutting speeds 
should be approximately half 
those used in drilling. Initial con- 
tact with work should be light in 
order to cut the highly polished 
surface without cracking it. If 
chattering occurs, a slower speed 
may correct this condition. 


Milling 

All laminated phenolic ma- 
terials can be milled (see Fig. 3, 
using standard 


below), milling 


Fig. 3: Large laminated plastics pieces can be milled with ease and 
accuracy on available heavy-duty milling equipment 
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cutters. For longer life between 
sharpenings, however, carbide- 
tipped cutters are recommended. 
Cutting speeds given below are 
based on carbide-tipped cutters 
and should be reduced approxi- 
mately 25% for high-speed steel 
cutters. 

For most grades, cutting speeds 
of 800 to 1000 surface ft./min. 
are satisfactory. For glass and 
asbestos, speeds should be re- 
duced by about half. Feeds may 
be up to 20 in./min. depending 
on the finish required. For fabric 
cotton-base materials, best results 
are obtained by operating at the 
highest spindle speed the cutter 
will stand, with the maximum 
possible feed, to give desired 
finish. Almost all types of milling 
should be done by the “climb 
method.” This is in order to 
prevent the edges of the material 
from being raised, to hold the 
work tightly in the fixture, and 
to clean the chips from in front 
of the cut. When cutting across 
the laminations, backing plates of 
hard wood or other suitable ma- 
terials are recommended. Coolant 
should be used when cutting the 
hard materials. 

Because of 
greater ease 


their generally 
of machining, as 
compared with metals, laminates 
are ideally suited to be worked 
on by air-actuated fixtures and 
holding devices. 


Gear cutting 


Gears with any of the standard 
types of teeth may be cut from 
plastics laminates. Tubing or rods 
are never used. Teeth may be 


formed in blanks by hobbing, 
shaping, or milling, using stand- 
ard metal gear-cutting machines. 
The highest speed and feed of the 
machine should be used. Special 
gearing may be installed to in- 
crease surface speed and feed 
mechanism to rates greater than 
those commonly employed for 
cutting metal. 

In cutting teeth in laminated 
gear stock, the last blank must be 
backed up to prevent fraying and 
break-through. 


Screw machines and 
turret lathes 


Hand-operated and automatic 
screw machines are highly pro- 
ductive in machining laminated 
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Milled slots should 
be designed with radial or 
rounded ends (B) to permit 
use of end milling cutters. 
Square ends (A) are not 
recommended 


plastics, and operate the same as 
for brass, except at much higher 
speeds and feeds. Production 
from these machines ranges from 
1000/hr. down, depending on the 
job requirements. 

Laminated phenolic cams are 
economically used on automatic 
screw machines where tool pres- 
sures are not too great. Speeds 
range up to 3000 r.p.m. for hand- 
operated screw machines and up 
to 7000 r.p.m. for automatic ma- 
chines. Any desired feed can be 
used, depending on the finish re- 
quired, 

Turret lathes are operated at 
their top speeds for most jobs 
within their capacity. The opera- 
tions are approximately the same 
as those used for working with 
brass, except that much higher 
speeds and feeds are involved. 
High-speed carbide- 
tipped tools are used, ground ap- 
proximately the same as for 
brass, with spindle speeds up to 
1500 r.p.m. and peripheral speeds 
up to 3000 surface ft./minute. 


steel and 


Most screw-machine and tur- 
ret-lathe work is _ performed 
dry, but for deep-hole drilling, 
threading, etc., a coolant should 
be used. Forming and undercut- 
ting can be performed success- 
fully, but care must be taken to 
use an extremely fine feed, pref- 
erably not over 0.0005 in. to 
0.001 in./revolution. Many attach- 
ments, fixtures, and magazine 
feeds can be employed. 


Lathe operations 


Engine lathes or production 
lathes are generally used. Turn- 
ing, boring, recessing, and any 
other lathe operations can be 
done successfully. For internal 


threading, and when cutting the 
hard materials, it is advisable to 
use a lubricant or coolant. 
Speeds up to 3000 surface ft./ 
min. can be used, with any de- 
sired feed, depending on finish 
required. High-speed, carbide- or 
diamond-tipped tools are used 
for turning, boring, facing, and 
cutting-off. Tools should _ be 
ground from 0 to 10° negative 
rake for threading and forming. 
Lathe operations on laminated 
plastics are approximately the 
same as for brass, except that the 
surface speed can be _ higher. 
Fabric-base materials can gen- 
erally be worked with high-speed 
steel, but for paper, graphite, 
asbestos, and glass, carbide- or 
diamond-tipped tools should be 
employed whenever possible. 


Planing and shaping 


All grades of laminated plastics 
can be shaped and planed, using 
standard metal-working planers 
and shapers, but care must be 
taken to prevent weakening (see 
Fig. 4, above). When cutting 
across the laminations, the end 
of the cut should be backed up 
to secure a clean edge. This pre- 
caution is not necessary when 
planing parallel to the lamina- 
tions. 


Punching, shaving, 
and broaching 


Punching: Sheets up to “6 in. 
thick in some paper-base ma- 
aterials and up to % in. thick in 
most fabric grades can be 
punched cold (minimum of 50° 
F.). Glass-base grades can be 
punched cold in thicknesses up to 
1g inch. All other materials must 
be heated before punching, using 
hot plate, oven, hot oil, or infra- 
red lamps. The degree of heat to 
be used depends entirely on the 
thickness and grade of material. 
In most cases 120° F. is high 
enough, although occasionally 
temperatures as high as 250° F. 
are required. 

Laminates cannot be punched 
to extremely close tolerances be- 
cause of the normal contraction 
of the material and because of 
its thermal contraction when 
punched hot. Satisfactory holes 
are difficult to punch if the dis- 
tance between hole or between 
holes and edge of material is less 
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than 1.5 times the thickness of 
the material. (For the _ best 
punching designs, use the largest 
punch possible.) 

Shrinkage allowances must be 
taken into consideration when 
designing tools. In punching %e- 
in.-thick laminate material, pierc- 
ing punches should be 0.002 in. 
over drawing dimension. Sides 
must be smooth, straight, and free 
from annular grooves or tool or 
grinding marks. Die and stripper 
clearance should be 0.001 in. on a 
side. Close stripper clearance is 
necessary to prevent delamination 
when piercing punch is with- 
drawn from hole. Approximate 
shrink allowance’ should be 
0.002-in. /inch. 

Progressive, compound, and 
multiple operating dies, including 
combination blanking and shav- 
ing dies, are used. Dies are prac- 
tically the same as those for metal 
except that little clearance is al- 
lowed between punch and die and 
punch and stripper plate. Carbide 
dies should be used for glass if 
the quantity involved permits the 
additional expense that has to be 
undergone. 

Manual or mechanical feed, 
with automatic stops and gages, 
can be used. When practical, 
rotary-table feeding mechanism 
with vacuum or mechanical pick- 
up may be employed. 

Shaving: When smoother edges 
than can be had by punching are 
required, a shaving operation can 
generally be used. For irregu- 
larly shaped blanks too thick to 
punch, shaving will give the de- 
sired shape accurately and rap- 
idly. Oversize cut blanks are em- 
ployed in this operation. 

Combination punching, blank- 
ing, and shaving dies can be use 
for laminates up to % in. in 
thickness, These dies are com- 
monly known as “double decker” 
dies, and the blanked piece is 
pushed through the shaving cut- 
ter on the same stroke as the 
blanking operation. 

Broaching: Broaches can be 
used to produce square, hexag- 
onal, and other polygonal holes, 
irregular shapes, key-ways, etc. 
The laminated structure makes it 
necessary to use a special broach- 
ing procedure. 

When the cutting is to be 
across laminations, material must 
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be backed up with a mild steel 
or brass plate which forms a 
slide fit with the last cutting tooth 
on the broach. This helps pre- 
vent fraying and breakout. When 
cutting is done parallel to the 
laminations, a fixture applying 
pressure at right angles to the 
laminations should be _ used. 
Ample chip room between the 
teeth of the broach should be 
provided, based on the depth of 
cut per tooth. A cut of 0.001 to 
0.005 in. per tooth can be taken 
with the pitch ranging from %4 to 
34 in., as determined for the ma- 
terial and the particular type of 
operation. 


Sanding and grinding 


Laminated plastics can be 
sanded on a belt or disk sander. 
Surface sanding on drum-type 
machines may be used to finish 
work to extremely close toler- 
ances and to insure parallelism of 
opposite surfaces. Double-spindle 
grinders can be used for grinding 
two opposite parallel surfaces at 
the same time. In such instances, 
the work is placed in a fixture 
which is pushed between the 
wheels. 

Sanding may be either dry or 
wet. Dry sanding makes use of a 
relatively coarse paper (50 to 
100 grits to the inch). If a finer 
finish is desired, the sanding ma- 
chine must be adapted for wet 
operation. This means that the 
work must be cooled with water 
or other coolant. Otherwise, the 
heat generated would cause par- 
ticles of resin to embed them- 
selves in the abrasive cloth. With 
wet sanding, paper as fine as 180 
or 220 grits/sq. in. may be used, 
providing a_ so-called “satin” 
finish. (See Fig. 5, above.) 


Other types of finishing 

Included under this heading is 
burring, tumbling, cleaning, and 
buffing, all or some of which are 
generally necessary to finish a 
fabricated part. Much of this 
work may be by hand, in order 
to remove completely objection- 
able burrs and fuzz. 

Various polishing agents can 
be used in “tumbling” fabricated 
pieces in standard revolving bar- 
rels. Buffing with standard rag 
buffing wheels will give the ma- 
terial a smooth finish, and the use 


Fig. 5: Extremely close 
thickness tolerances are ob- 
tained by precision sanding. 
Sheets can be refinished 
to restore surface gloss, if 
needed. (Photo, Synthane) 


of rouge will be helpful in re- 
storing high polish to machined 
surfaces. 


Grinding tubes and rods 

A centerless grinder, equipped 
with a silicon carbide wheel run- 
ning at a surface speed of 9000 
ft./min. is used for finishing rods 
and tubes. In addition, a vertical 
belt sander is used for finishing 
operations on many types of tub- 
ing. The grit size is determined 
by the finish desired. To obtain a 
buffed finish, a “slick” belt run 
at about 4000 to 6000 surface ft. 
min. is used with a suitable com- 
pound. 
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Preforming Fibrous Glass 


BY W. W. THOMPSON* and R. G. ADAMS* 


7. here are three basic methods 
which have been developed for 
the preforming of fibrous glass. 
They are: 1) plenum chamber; 
2) directed fiber; and 3) water 
slurry. 


Plenum chamber 


The plenum chamber method is 
perhaps the most widely used 
process. Fibrous glass rovings are 
fed into a cutter where they are 
cut to lengths between '% and 2 
inches. The 2-in. cut is most often 
used, although shorter cuts, or a 
combination of cut lengths, are 
also in common usage. From the 
cutter the fibers fall into the 
plenum chamber, or into a chute 
that carries them into the plenum 
chamber. They are deposited on 
a perforated screen as the air 
is exhausted from beneath the 
screen. 

To help insure a uniform de- 
position of strands, the preform 
screen rotates. In addition, inter- 
nal baffles on the screen are fre- 
quently used to aid in the proper 
deposition of fibers. A resinous 
binder, which may be either a 
powder, or a liquid, is applied at 
the same time the glass is being 
deposited. Liquid binders, usually 
polyester and water emulsions, 
have been found to be the most 
satisfactory for the majority of 
applications. 

The cutter acts as a_ feed 
mechanism for the glass; thus 
glass input can be controlled by 
a timer. The input of the resinous 
binder can also be controlled by 
a timer, although manual spray- 
ing is occasionally used. 

The plenum chamber machines 
are the most nearly automatic of 
the air-type preformers and thus 
produce the highest rates of pro- 
duction. Their operation is some- 
what cleaner since they are en- 
closed. A big advantage of the 
plenum chamber method is that 
once it has been set up to do a 
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particular job, very little operator 
skill is required to get repro- 
ducible results throughout a pro- 
duction run. 

The disadvantages center 
around the long setup or try- 
out time which may be required 
whenever a new part is started 
in production. This is due to the 
fact that the fiber deposition de- 
pends entirely upon the correct 
flow of air through each part of 
the screen. To achieve this, in- 
tricate baffle systems within the 
screen often have to be developed. 
This setup period can take sev- 
eral days. 

The plenum chamber machine 
is therefore most adaptable for 
applications for which it can be 
set up to run off a part continu- 
ously for a long period of time. 


Directed fiber method 


In the directed fiber method 
there is no plenum chamber over 
the screen. The preform screen 
is located on a nearly vertical 
turntable behind which is located 
an exhaust fan. The cut fibers are 
directed at the preform screen 
from the flexible hose of a sepa- 
rate cutter unit. The cutter unit 
consists of a roving cutter, a 
blower provided with a venturi 
where the cut fibers are intro- 
duced, and a flexible hose. 

The rovings are cut in the 
roving cutter, dropped through a 
short duct, and are introduced 
into the venturi air stream, which 
blows them out of the flexible 
hose. The operator directs the 
stream of fibers at the slowly 
rotating preform screen on the 
turntable. The binder is simul- 
taneously sprayed onto the piece 
by the operator. 

While the glass input is con- 
trolled by a timer, considerable 
operator skill is required to pro- 
duce uniform preforms. He con- 
trols the distribution of both 
fibrous glass and the binder on 
the screen, and therefore the 
quality of the part. Where rela- 


tively lightweight preforms are 
being made, the operator can be 
aided by a strong light behind the 
preform screen. 

One of the chief assets of the 
directed fiber method is that, 
given a skilled operator, a part 
can usually be put into produc- 
tion within a few hours after 
the preform screen is delivered. 
Baffling is seldom necessary in 
screens since a good operator can 
direct the fiber stream to any part 
of the screen. In the same man- 
ner, the operator can allow for 
varying part thicknesses where 
the changes are not too abrupt. 
It is also quite easy for the opera- 
tor to add inserts, mat build-ups, 
or wire beads to the preform. 
Even in instances when a wide 
variety of different parts is to be 
made and change-overs are fre- 
quent, the directed fiber method 
is still adaptable. Several different 
sizes and shapes of parts can be 
run one after another on the same 
machine. The only adjustment the 
operator has to make is to set the 
proper cutter time for the part. 

This method has been shown 
to be adaptable to making very 
large parts, up to 120 sq. ft. in 
area, and over. The directed fiber 
method is also useful in preform- 
ing odd-shaped parts, such as a 
very long and narrow piece or 
pieces with considerable 
open area in the center. 

Although theoretically capable 
of the same rate of production as 
a single-station plenum chamber 
machine, a slightly lower rate is 


large 


usually experienced with directed 
fiber machines. 


Water slurry method 

The water slurry method is 
very similar to methods used in 
the pulp molding industry. The 
chopped strands of fibrous glass 
are slurried in water containing 
cellulosic fibers. The fibers are 
deposited on a screen in the bath 
as water is exhausted from be- 
neath it. The screen is raised from 
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the slurry bath and the excess 
water is sucked out of the pre- 
form. Various ratios of glass-to- 
cellulosic fibers can be used al- 
though 80% fibrous glass and 20% 
cellulose seem to produce good 
results. 

Although it has many advan- 
tages over the airborne type of 
preform machines, the water 
slurry method is not widely used 
in the United States. 

This method is the only one in 
which there is little or no scrap 
loss. It is more automatic and fast 
production cycles are possible. 
The preforms are tough and self- 
supporting without the addition 
of resinous binders. Intricate 
shapes, abrupt changes in wall 
thickness, and very heavy wall 
thickness are all possible. The 
initial capital investment for 
equipment is higher than for the 
air systems because more equip- 
ment is involved. 

Although water slurry preforms 
handle easier than air-felted pre- 
forms, they usually have a higher 
bulk factor which sometimes leads 
to wrinkling. It is practical to use 
only a low percentage of filler in 
the molding resin because of the 
filtering nature of the cellulosic 
fibers; however, the resin can be 
pigmented and the preforms can 
be dyed for decorative effects. 


Production cycles 


Production cycles depend upon 
the following factors: 1) the 
weight of the preform; 2) the 
number of roving cutters; and 
3) the amount of hand work re- 
quired. Where difficult shapes are 
encountered, or where high qual- 
ity is required, the production 
cycles may be 20 to 30% longer 
than average. 

For quality work, the majority 
of molders cut roving at about 
1 Ib./min. per cutter. While the 
cutter can cut fibrous glass at 
several times this rate, the uni- 
formity of preforms falls off con- 
siderably at the higher cutting 
rates. Where lower quality pre- 
forms can be tolerated, many 
molders cut at the rate of 2 to 3 
lb./minute. These cutting rates 
apply to both the plenum chamber 
and the directed fiber methods. 

In actual practice, the full ca- 
pacity of the preform machines is 
seldom used, because so much de- 
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pends on the ability of the opera- 
tor to keep up with the speed 
of the machine. 


New developments 

Highly mechanized equipment 
is now available for both the 
plenum chamber and the water 
slurry methods of preforming. 
Single preform units are said to 
be capable of supplying sufficient 
preforms to run three or four 
presses. 

Very large preforms, which at 
present are not feasible to pro- 
duce by other methods, are now 
possible using large directed fiber 
preform machines provided with 
self-contained curing ovens. 

Plenum chamber: A new high- 
speed plenum chamber type pre- 
form machine (I. G. Brenner 
Co., Newark, Ohio) which in- 
corporates a self-contained cur- 
ing oven and an automatic cycling 
system is now available. The 
heart of the machine is a rotating 
drum on which four turntables, 
each carrying a preform screen, 
are mounted. Each preforming 
station indexes clockwise 90° at a 
time through various manufac- 
turing operations. 

On lightweight preforms (314- 
oz.) this machine can produce as 
many as 150 preforms an hour. 
On heavier preforms (114-lb.), 50 
preforms/hr. can be produced. At 
present, the limiting factor is the 
time it takes to cure the binder. 
Added oven capacity or new de- 
velopments in preform binders 
could permit higher rates. 

Directed fiber method: The 
largest preform machine of any 
type in operation is a directed 
fiber unit (Erie Engine & Mfg. Co., 
Erie, Pa.) installed at the Molded 
Fiber Glass Boat Co. This 200 hp. 
machine has a 180-in. turntable 
and produces five 40-lb. preforms 
an hour. The machine has its own 
self-contained 6 million B.t.u./hr. 
curing oven. After the fibers are 
deposited, doors are closed over 
the preform and it is cured in 
place without reducing the suc- 
tion or transferring the screen. 

An even larger machine with a 
205-in. dia. turntable is under 
construction. 

An automatic binder spray 
system has recently been added 
to several large directed fiber ma- 
chines. 


Jf 


Water slurry method: A highly 
mechanized variation of the water 
slurry process is available (Pres- 
surform Co., Swathmore, Pa.). 
Preforms having a variable cross- 
section may be produced. 

The process is based on the use 
of a fluid slurry. The initial fluid 
slurry involves only an organic 
component and water. The 
chopped glass roving cut to any 
desired length, up to 1 in., is added 
to the organic slurry just prior 
to loading the charge into the pre- 
forming chamber. 

The ratio of glass roving-to- 
organic fiber depends upon the 
performance requirement of the 
end-product. The machine con- 
trols are adjustable to provide 
from 25 to 95% chopped glass 
content in the preform. As op- 
posed to the slurry 
method described above, the pre- 
form in this operation is made by 
forming the water-organic fiber- 
chopped roving mixture between 
a pair of ventilated matched metal 
molds. 

Preforming cycles as low as 
30 sec. are possible and they 
rarely exceed 2 minutes. The pre- 
forms contain approximately 50% 
residual moisture. Oven-drying 
cycles will vary with section 
thickness, but usually range from 
45 to 90 minutes. Molding is done 
by customary matched die tech- 
niques. Although a “pinch off” is 
not required to trim excess ma- 
terial because of the closely con- 
trolled dimensions of the preform, 
some sort of resin seal is highly 
desirable. 
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Vulcanized Fibre 


BY R. W. WILHELM* 


O.. of the oldest plastic ma- 


terials known to industry, vul- 
canized fibre is basically a 
laminate built up from cotton 
cellulose paper. It differs from 
other laminates in that the layers 
of paper are bonded together by 
the gelatinized surfaces of the 
cellulose fibers. No added adhe- 
sive, resin, or other binder is 
needed. 

The special type of saturating 
paper used for vulcanized fibre 
manufacture is made in a wide 
variety of weights, colors, and 
physical qualities. In the produc- 
tion process the paper is satur- 
ated with zinc chloride, which 
causes the individual cellulose 
fibers to swell and become cov- 
ered with a layer of gel. This 
gelatinized cellulose flows to- 
gether and so bonds the contact- 
ing fibers and layers of paper. 
Lamination is completed by use 
of heat, pressure, and time under 
carefully controlled conditions. 


Properties 

Based on unit weight (about 
half that of aluminum), vulcan- 
ized fibre is one of the strongest 
materials available to industry. 
Depending on grade and thick- 
ness, tensile strength ranges from 
5,000 to 6,500 p.s.i. crosswise and 
7,000 to 8,500 p.s.i. lengthwise; 
flexural strength ranges from 
11,000 to 13,000 p.s.i. crosswise 
and 13,000 to 15,000 p.s.i. length- 
wise; compressive strength is 
20,000 to 30,000 p.s.i.; Rockwell 
hardness is R50 to R80; dens- 
ity is 0.90 to over 1.30. This com- 
bination of qualities gives a ma- 
terial capable of absorbing 
repeated shock and impact loads. 
Dielectric strength varies with 
thickness to values over 300 
v./mil. Vulcanized fibre is “Class 
A” insulation and in heat resist- 
ance is superior to cellulose in- 
sulation of the unconverted type. 


Indicative of the expanding 
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References were prepared by the editors 


field for this versatile material is 
the new list of grades defined by 
N.E.M.A. 


Grades 


Electrical insulation grade is 
primarily intended for electrical 
applications and others involving 
difficult bending or forming op- 
erations. It is sometimes referred 
to as fishpaper. 

Commercial grade is considered 
the general-purpose grade, some- 
times referred to as “mechanical 
and electrical grade.” It posses- 
ses good physical and electrical 
properties and fabricates well. 

Bone grade is characterized by 
greater hardness and _ stiffness 
associated with higher specific 
gravity. It machines smoother 
with less tendency to separate 
the plies in the machining opera- 
tions. 

Trunk and case grade conforms 
to the mechanical requirements 
of “commercial grade,” but has 
better bending qualities and 
smoother surface. 

Flexible grade is made suffi- 
ciently soft by incorporating a 
plasticizer to make it suitable for 


New 0.010-in.-thick corru- 
gated vulcanized fibre is an 
excellent electrical insula- 
tion, reduces unit weight 
and assembly time for 
radios and transformers 


gaskets, packing, and similar ap- 
plications. It is not recommended 
for electrical use. 

Abrasive grade is designed as 
the supporting base for abrasive 
grit for both disk and drum sand- 
ers. It has exceptional tear re- 
sistance, ply adhesion, resilience, 
and toughness. 

White tag grade has smooth 
clean surfaces and can be printed 
or written on without danger of 
ink feathering. 

Bobbin grade is used for the 
manufacture of textile bobbin 
heads. It punches well under 
proper conditions, but is firm 
enough to resist denting in use. 
It machines to a very smooth sur- 
face. 

Railroad grade is for use as 
railroad track joint, switch rods, 
and other insulating applications 
for track circuits. It conforms to 
A.A.R. Signal Section Specifica- 
tion for Hard Fibre. 

Hermetic grade is used as elec- 
tric motor insulation in hermetic- 
ally sealed refrigeration units. 
High purity and low methanol 
extractables are essential because 
it is immersed in the refrigerant. 

White grade is recommended 
for applications where whiteness 
and cleanliness are essential re- 
quirements. 

Shuttle grade is designed for 
gluing to wood shuttles to with- 
stand the repeated pounding re- 
ceived in power looms. 

Pattern grade is made to have 
best dimensional stability and 
least warpage for use as patterns 
in cutting cloth, leather, and 
similar materials. 
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Molding Reinforced Plastics 


The entire field of reinforced 
plastics molding has grown appre- 
ciably during the past year. As a 
guide to the various techniques 
in the industry, this chapter 


covers the subjects of matched- 
metal die molding, bag molding, 
and polyester and phenolic pre- 
mix molding. A summary of Re- 
cent Developments is on p. 530. 


MATCHED-METAL DIE MOLDING 





BY R. S. MORRISON* 


This article will concern itself en- 
tirely with production by means 
of matched-metal, positive-pres- 
sure, heated dies in hydraulic 
presses, using polyester resin and 
either fibrous glass mat or pre- 
form for reinforcement. This 
method produces more reinforced 
plastics products by weight than 
any other production method. 

Typical dies used are positive- 
pressure matched-metal, steam- 
heated dies. Since two distinct 
materials are used in producing 
mat- or preform-reinforced plas- 
tics, the dies must form and hold 
the fibrous glass reinforcement 
while the pressure exerted by the 
dies causes the liquid resin to flow 
through and completely impreg- 
nate the fibrous material. To se- 
cure the proper proportion of 
resin-to-fibrous glass at all points 
in the molded part, the fibrous 
glass must not flow with the resin. 

Polyester resins not only flow 
readily at room temperature, but 
become even more fluid when first 
heated. Molding dies must there- 
fore be carefully constructed to 
contain the resin in order to 
maintain the pressure exerted by 
the press. Pressure on the resin 
forces the air out of the preform 
or mat and also prevents the sty- 
rene monomer in the resin from 
boiling. Either trapped air or sty- 
rene vapors will cause porosity. 
Poor resin distribution and lack 
of pressure can cause large dry 
spots in the molded part where 
the resin did not penetrate. 


Properly constructed matched- 
metal dies telescope within each 
other to place the resin under 
* President, Molded Fiber Glass Body Co., 
4601 Benefit Ave., Ashtabula, Ohio 


Recent Developments and References were 
repared by the editors 
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pressure in the same way that 
fluid is compressed by the piston 
in a hydraulic cylinder. These 
telescoping “pinch-off” edges 
must be fitted closely so that little 
or no resin can escape during the 
molding operation. Clearance of 
about 0.002 in. is maintained with 
a telescoping distance of from M6 
to % inch. 

Materials of construction: 
Matched-metal dies should be 
made of flame-hardenable steel 
wherever possible or should be 
a flame-hardenable alloy cast 
iron. Steel castings have not given 
good results. Cast steel shrinks 
about %4 in./ft. as compared to 
in. or less for cast iron. This 
greater shrink causes porosity 
which cannot be tolerated in dies 
heated by steam. 


Molding and curing 


In molding parts of fibrous 
glass-mat or preform-reinforced 
polyester resin, a pressure of 100 
to 150 p.s.i. on the molded surface 
is usually adequate. Molding tem- 
peratures average between 220 


Cross-section of simple 
mold illustrating a_tele- 
scoping pinch-off. Tele- 
scoping edges are fitted 
closely so that little or no 
resin can escape during 
molding 


and 250° F., depending on the size 
of part and the flow needed for 
the resin. 

Small thin parts where resin 
flow is limited can be cured rap- 
idly at temperatures of 265° F. in 
14% min., but exceptionally large 
or thick parts require far longer 
resin flow, so the die temperatures 
are held down, in some cases as 
low as 215° F., with a reduction 
in catalyst concentration. 


Mixing the resin 

Most polyester resin used in 
this type of molding contains in- 
organic fillers such as china clay, 
calcium carbonate, or calcium sul- 
phate. The molder buys clear re- 
sin and adds styrene, fillers, 
pigments, catalysts, and possibly 
other ingredients, just before 
using. Filler concentrations of 
from 25 to 40% of total mix 
weight are usual. Up to 40% 
filler physical properties are fairly 
constant, though reverse impact 
resistance drops about 20 to 25 
percent. A typical resin-filler- 
catalyst mix used for medium- 
sized automotive parts follows. 
Selectron 5158 330 Ib. 
ASP-400 china clay 150 
Styrene monomer 36.5 
Benzoyl! peroxide catalyst 2.75 
“519.25 Ib. 
Styrene is first added to the resin 
and then the filler. This combina- 
tion is mixed for 80 min., and the 
catalyst, mixed with an equal 
weight of styrene, is added and 


Total weight of batch 


CAVITY 


SSA SS 


TELESCOPE 1/16 IN 


MOLDED PART~ x 





I 
| 
= 002 IN 


CLEARANCE 1/4 !N 
| MINIMUM 


a we 


” 
Wa 
UP 








> & 
RECENT DEVELOPMENTS 














Colored gel coats for reinforced polyester laminates (Ferro, 
Ferro Corp., Color Div.) are available. The gel coats contain 
accelerator as part of the basic formula. For use, it is only 
necessary to add from 0.2 to 1% of a 60% MEK peroxide catalyst 
to obtain gel times varying from 90 min. to 10 minutes. The 


material can easily be thinned with acetone to the viscosity 
desired. 


A new spray-up method for reinforced plastics (Rand Process, 
Rand Development Corp.) centers around a triple gun that ejects 
streams of resin and glass which meet at a focus outside the 
gun. The mixture, very uniform in composition, adheres to 
any surface it strikes. Because mixing is external, very fast- 
setting resins can be used. Wetting-out is excellent, finished 
moldings contain less than 1% voids, and mechanical properties 
are superior to those of moldings made from hand-laid-up 
mat. Spray-up offers impressive cost savings both in labor and 
material. The process is feasible for making all but very small or 
very intricate moldings. 


The first all-acrylic, general-purpose, laminating resin, called 
“acrylic sirup” (Lucite, DuPont), makes the beauty and weather- 
ability of acrylic available for low-pressure laminate applica- 
tions requiring increased strength, rigidity, and toughness. Tested 
laminates have shown unusually good retention of gloss and re- 
sistance to surface erosion. The sirup is tailored especially for 
impregnation of fibrous reinforcement and can be processed by 
conventional methods now used in the reinforced plastics indus- 
try. 


A transparent lacquer (Hetrolac 105, Durez Plastics Div., Hooker 
Electrochemical Co.), for coating fibrous glass-reinforced poly- 
ester corrugated or flat panels, inhibits discoloration and other 
degradation caused by exposure to weather and sunlight. 


New epoxy molding compounds (Tybon, Booty Resineers Div., 
American Marietta Co.) are glass-reinforced mineral-filled ma- 
terials designed to meet many requirements of electrical and 
chemical properties typical of epoxies used in casting, potting, 
and laminated products. The compounds have excellent mold 
release. Cure times range from 3 to 10 min. at 300° F. The com- 
pounds are supplied in short rods, or as granules. The latter con- 
tain a minimum of fines and are very conducive to preforming. 


A new process permits economical production of reinforced 
plastics rods and tubes (Plasteco, Inc.) up to 8 ft. long, with di- 
ameters up to 8 in., and in any wall thickness. Lengths up to 40 
ft. can also be produced. The product is superior to molded rods 
and tubes in tensile strength, compressive strength, and water 
absorption. This development opens up the possibility of using 
reinforced plastics for such applications as propeller or agitator 
shafts. 


Corrugated structural panels (Metal Grey, Resolite Corp.) are 
specially formulated of fibrous glass-reinforced polyester resin to 
be highly resistant to corrosion. The panels have outlasted stand- 
ard metal roofing and siding panels in a test installation in a 
fertilizer plant. A 3 mo. test in a 3% solution of sulfuric acid 
showed little or no structural changes. The panels are also avail- 
able in a special fire-resistant formulation (Fire-Snuf). 





Giant hydraulic presses are 
used in the matched-metal 
die molding of large, com- 
plex reinforced plastics 
pieces, e.g., boats, etc. 


the batch is mixed for another 20 
minutes. After mixing, it is desir- 
able to let the batch set about 2 
hr. before using, to allow air 
mixed in the resin to come to the 
surface and to permit more com- 
plete dissolving of the catalyst. If 
pigment is desired to color the 
mix, it is added shortly after the 
filler is added to the resin. The 
catalyzed mix should be used up 
the same day as mixed. Viscosity 
of the mix will increase at room 
temperature until eventually the 
batch will gel and harden, and be 
unusable. 


Molding techniques 


In molding, two methods of ap- 
plying the resin to the mat or 
preform are used. Whenever pos- 
sible, the resin is poured onto and 
distributed over the mat or pre- 
form outside the press while the 
previous part is being cured in the 
dies. This reduces press-open 
time. This method can be used to 
advantage where multiple layers 
of mat are used. After the resin 
is spread, the last layer of mat is 
put on and the operator picks up 
the sandwich and lays it in the 
dies. 

The other method involves 
placing the fibrous glass rein- 
forcement on the bottom die in 
the press and then distributing 
the resin over the fibrous glass. 
This is quite necessary in large 
complex preforms and is also used 
when it is quite necessary to keep 
the part as free from off-color 
particles as possible. 

The proper pour pattern for re- 
sin distribution over the rein- 
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forcement can be very critical and 
important in exceptionally large 
parts. Improper pour pattern can 
cause porosity and resin-starved 
areas. Unfortunately, proper pour 
pattern cannot be worked out in 
advance, but must be developed 
by trial and error. Consequently, 
during the early molding of large 
parts, the scrap rate can be very 
high. 

The viscosity of the resin mix 
and its gel time are critical in 
matched die molding, especially 
with large parts where consider- 
able time is required to distribute 
the resin. To increase gel time, 
the catalyst is reduced, which 
means a longer molding time. 


Advantages 


The advantages of production in 
positive-pressure, matched-metal 
dies are as follows: 

1) Reasonable cost: Not includ- 
ing tool amortization or setup 
costs, the cost per pound of the 
finished part trimmed to size will 
run from 40 to 70% lower by this 
method than by other methods. 

2) Higher quality: The die sur- 
face of both the male and female 
die are duplicated on the molded 
part, giving excellent surface fin- 
ish on both sides. 

3) Elimination of trimming op- 
erations: A shearing action of the 
telescoping pinch-offs not only 
contains the resin, thus eliminat- 
ing porosity, but also molds the 
part to the exact size and cuts off 
the flash at the same time. 

4) Exact duplication of parts: 
With careful preforming and 
molding techniques, all parts com- 
ing from the same set of matched- 
metal dies will be exact dupli- 
cates. Other molding methods 
cannot control material thickness 
and other dimensions to the ac- 
curacy usually desired in parts 
being assembled to other parts. 

5) High strength: The pressures 
made possible through the use of 
hydraulic presses permit high 
glass concentrations of up to 50 
percent. Most parts requiring high 
strength and good appearance 
contain 35 to 40% glass by weight 
and strengths obtained will aver- 
age from 60 to 100% higher than 
strengths obtained by other mold- 
ing methods. Strengths may vary, 
however, in some deep-draw 
parts because of the difficulty of 
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achieving uniform distribution of 
the glass fibers in the molding. 

6) Completeness of cure: With 
dies heated in the range of 225 to 
260° F., the resin can be com- 
pletely cured; this completeness 
of cure is another reason for the 
high strength properties men- 
tioned above. This complete cure 
also contributes to dimensional 
stability. 

7)The use of fillers to reduce 
shrink: Matched-metal die mold- 
ing permits the use of inorganic 
fillers, which are difficult to use 
with other methods. These inor- 
ganic fillers reduce the shrinkage 
of the resin during cure, produce 
smoother surfaces than would be 
obtained with unfilled resins, and 
improve certain physical proper- 
ties. Fillers can also result in a 
substantial cost reduction of the 
resin mix, often at some sacrifice 
in strength-weight ratio or resist- 
ance to filler-attacking chemicals. 

8) High rate of production: 
Production rates of simple parts 
weighing up to 3 lb. will run as 
high as 200 parts/8-hr. shift in a 
single-cavity set of dies in a suit- 
able, properly controlled, press. 
A team of six people, including 
two preform operators and four 
press operators, can produce fifty 
160-lb. boat hulls in an 8-hr. shift 
for a labor cost of less than one 
man-hour per boat hull, including 
material preparation. 


Limitations 


There are, of course, some dis- 
advantages and limitations to the 
technique. 

1) The high capital investment 
in equipment: A reasonably ade- 
quate custom molding shop would 
have at least $100,000 invested in 
equipment, not including build- 
ings, to give it sufficient capacity 
to carry the overhead of main- 
tenance, technical, supervisory, 
engineering, sales, and manage- 
ment personnel. This equipment 
is very specialized and cannot be 
adapted from conventional mold- 
ing equipment nor is it suitable 
for most other forms of molding. 

2) The high cost of matched- 
metal dies: Matched-metal dies 
will run from 300 to 600% higher 
in cost than plastic dies com- 
pletely set up for production. 
Compound curvature matched- 
metal dies are relatively more ex- 














Cross-section view of a 
set of positive-pressure 
matched - metal, steam - 
heated molds used _ for 
matched-metal molding 


pensive than dies not requiring 
duplicator machining. 

3) Time required to produce 
tooling: It will take from 3 to 6 
times as long to produce matched- 
metal dies as it will plastic dies. 

4) Sources of matched-metal 
tooling: The equipment required 
to make large matched-metal dies 
having compound curvature is 
scarce and available only in cer- 
tain areas of the country. 

5) Alterations on matched- 
metal dies: It is difficult and ex- 
pensive to make alterations; thus 
it is very important that the de- 
sign of the part to be made is 
thoroughly tested and stabilized 
before the dies are constructed. 

6) Limitation in part design: 
No undercuts can be molded in 
matched-metal dies; 
possible in some other 
fibrous 
reinforced plastics production. 

7) Scarcity of technical person- 
nel experienced in matched- 
metal-die production: There are 
very few people who have both 
the over-all knowledge and ex- 
perience needed in this specialized 
field. This knowledge and experi- 
ence are best obtained on the job, 
an expensive and time-consuming 


these are 
forms 


of tooling for glass- 


method of learning. 
Because of the advantages listed 
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above, fibrous __ glass- 
plastics parts have 
been successfuly produced which 
would not have been attempted 
by other methods. This is particu- 
larly true of parts used in assem- 
blies where thickness tolerance is 
critical. Lower unit costs and 
higher production rates make 
parts produced by this method at- 
tractive where requirements are 


many 
reinforced 


for several hundred pieces per 
week. Consistent quality and di- 
mensional allow these 
parts to be assembled to others in 
assembly-line operations where 
from 


control 


deviation predetermined 


BAG MOLDING 


rates could not be tolerated. 
Higher filler content of press 
molded parts eliminates crazing at 
elevated temperatures so _ that 
conventional baking enamels may 
be used if desirable. Successful 
production of boat hulls and auto- 
motive underbodies in matched- 
metal dies practically eliminates 
limitations due to size; in fact, the 
possibility of molding large parts 
in a single piece suggests many 
new applications where an as- 
sembly of several smaller pieces 
might be required if material 
other than fibrous glass-rein- 
forced plastics were used. 





BY HARRY T. DOUGLAS* 


With the advent of woven roving 
adaptable to making contact 
molded parts with high enough 
glass content to provide adequate 
strength, the use of bag molding 


Lunn Laminates, Inc., 
\ 


for commercial items has de- 
clined. So little is heard anymore 
of this venerable technique, that 
many will be surprised to learn 
it is still responsible for a large 
proportion of the dollar volume, 
perhaps as much as 30 percent, 
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Two of the major types of bag molding: vacuum blanket molding 
(above), in which air is exhausted from between mold and bag, 
thereby bringing pressure to bear on laminate; and pressure bag 
molding (below), in which pressure plate is used 
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done by the entire reinforced 
plastics industry. 

Most bag molding exists in the 
aircraft, electronic, marine, and 
missile industries, as well as in 
the plants of certain specialized 
subcontractors producing high- 
quality defense items under the 
shroud of security restrictions. 

Bag molding is the process 
usually used where the ultimate 
in physical properties and 
strength-weight ratios are the 
primary considerations. Radomes, 
wing sections, fairings, fin and 
wing tips, missile noses, and sonar 
domes are examples. 

Bag molding, from the stand- 
point of rate of production, is 
faster than contact molding but 
slower than rubber plunger or 
matched die molding. Adequate 
molds can be made quickly from 
cast or laminated plastics or sheet 
metal, any of which facilitates 
getting into production faster 
than do matched metal molds, 
which require a long time to ma- 
chine. However, as in any process, 
production speed and part qual- 
ity are usually consistent with the 
type of tooling used. 

Bag molding, in addition to its 
use as a production technique, is 
sometimes used as an interim 
process while tooling is under 
way for matched die molding. 

In many cases, the design of a 
part, by virtue of size or shape, 
will not permit the use of matched 
dies and a feasible production 
technique would then be the bag 
method. The molds for bag mold- 
ing are more expensive than 
contact molds but less expensive 
than matched dies. 


Bag molding processes 


Bag molding may be defined as 
a process in which a flexible bag 
or blanket is used to apply pres- 
sure against a lay-up while it 
cures. “Lay-up” is the term 
describing the uncured part or 
laminate to be molded. It is de- 
rived from the fact that in this 
process the part is “laid up” by 
placing layers of mat or fabric 
in the mold, by hand. There are 
many varieties of bag molding 
but these can be classified into 
three basic forms: a) vacuum 
blanket; b) pressure bag; and c) 
autoclave. 
molding: 


Vacuum blanket 
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First, the part to be molded is 
laid up in the mold. Then, the 
bleeder material (coarse, fibrous, 
porous material such as hair felt 
or burlap) is placed around the 
lay-up, leaving a small gap be- 
tween the lay-up and the bleeder 
material. The gasket is then put 
on the mold. The bag is laid over 
the mold. Hold-down or clamping 
rings are set in place and clamped 
tightly to the mold with C-clamps 
or their equivalent. Next, the vac- 
uum is drawn, exhausting the air 
from between the mold and the 
bag and thereby bringing atmos- 
pheric pressure to bear on the 
laminate. The bleeder material 
serves as a porous and absorbent 
path which carries the air to the 
vacuum outlet in the bag and 
also absorbs any excess resin 
which flows from the laminate. 
Pressure bag molding: Pressure 
bag molding is similar to vacuum 
bag, except that a pressure plate 


is substituted for the clamping 
ring, thus providing a cover for 
the mold. Pressure can then be 
admitted to the assembly sup- 
plementing the atmospheric pres- 
sure obtained by the vacuum. 

Autoclave molding: Autoclave 
molding is basically no different 
from pressure bag molding. The 
autoclave is just another method 
of applying additional pressure to 
the lay-up. 

Materials for molds: The molds 
for bag molding range from con- 
tact molded polyester laminates 
to machined steel. Cast plastics, 
sprayed or electroformed metal, 
cast aluminum or steel, sheet 
metal weldments are the usual. 
Bags or blankets may be cello- 
phane, polyvinyl alcohol films, 
neoprene, or rubber. A current 
problem is to find bag materials 
which will resist the high tem- 
peratures required to polymerize 
the newer heat-resistant resins. 


POLYESTER PREMIX MOLDING 





BY W. O. ERICKSON* 


Lower cost of reinforced-poly- 
ester products than can _ be 
achieved by mat or preform 
molding is the major advantage 
of the polyester premix molding 
technique. In addition, it permits 
the rapid molding of parts with 
varying wall thicknesses, intricate 
contours, and molded-in inserts. 
This method does not give as 
good physical properties as other 
reinforced polyester molding 
techniques; however, properties 
are more than adequate to meet 
the requirements of many appli- 
cations—including automotive 
heater housings, electrical outlet 
boxes, air conditioning housings, 
and pump impellers. Serviceabil- 
ity at low cost rather than critical 
physical properties should deter- 
mine the suitability of the premix 
method in any given application. 


Premix ingredients 


Resin: There is no one perfect 
resin for all premix applications. 
Part design and service require- 
ments to a great extent govern 
resin choice. The principal func- 
tions of the resin in preform or 
mat molding are to carry filler 


* Plastics and Coal Chemicals Div., Allied 


Chemical Corp., 40 Rector St., New York 6, 
N. ¥ 
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throughout the reinforcement and 
to bond filler and reinforcement; 
in premix molding, the resin must 
carry both reinforcement and 
filler to all parts of the mold 
and bond them. 

Resins for premix molding 
should have a minimum viscosity 
of 15 poises—usually the higher 
its viscosity, the better will be the 
reinforcement and filler distribu- 
tion. Styrene or _ vinyltoluene 
monomer resins should be in the 
range of 15 to 200 poises. Diallyl 
phthalate monomer resins can 
have as high a viscosity as can 
be handled because of inherently 
good lubricating properties. While 
DAP monomer resins as high as 
2500 p. are used in premix, most 
molders prefer viscosities of 600 
p. or less because they can be 
used without special equipment. 

Fillers: Clay, ground limestone 
or whiting, gypsum, and talc are 
among satisfactory fillers for pre- 
mix molding. Clay is the most 
widely used because it contributes 
good handling and molding prop- 
erties. Ground limestone can be 
used when flow properties are not 
critical. It has a lower oil-absorp- 
tion value than clay, permitting 
higher filler loadings. This reduces 


the raw material cost of the com- 
pound, 

Reinforcement: Chopped glass 
fiber is the most widely used re- 
inforcing material. Other mate- « 
rials such as sisal and asbestos 
are of interest for specific appli- 
cations. In premix molding opti- 
mum physical properties are 
obtained with a glass fiber length 
of % to % inch. Fiber lengths in 
excess of % in. have the disad- 
vantage of not dispersing as well 
in the mix and of being suscepti- 
ble to a higher degree of degra- 
dation during mixing. Chrome- or 
silane-finished glass is recom- 
mended since either finish per- 
mits maximum wetting of glass 
fibers by the resin. For applica- 
tions requiring minimum water 
absorption, silane finish should be 
selected. 

Scrap glass, such as trimmings 
from random mat, can also be 
used in premix if they are first 
run through a hammer mill. How- 
ever, variability of physical and 
flow properties increase because 
of less-uniform fiber length. The 
normal range of glass content is 
5 to 35% of the mix. Glass con- 
tents up to 20% produce com- 
pounds which are fairly plastic, 
are easily preformed, and flow 
readily under pressure. When 
glass content exceeds 20%, the 
compounds become progressively 
more fluffy and spring-like; they 
do not lend themselves to pre- 
forming and do not flow as easily. 

For uses requiring increased 
impact strength, but no greater 
flexural strength and modulus 
than those of the resin-filler mix 
alone, straight %4- to %-in. long 
sisal fibers are utilized. They 
have a lower specific gravity than 
glass and are less than half the 
price of glass. The maximum 
loading with sisal is approxi- 
mately 20%, with 5 to 10% being 
in a more easy-to-handle range. 
The fibers do not wet as well as 
glass and a noticeable straw-like 
pattern develops on the molded 
surface. Some fabricators are tak- 
ing advantage of this pattern to 
promote surface configurations 
made by sisal. However, sisal 
should not be considered for ap- 
plications in which water absorp- 
tion is critical since it absorbs 
much more water than does glass. 

Catalyst: Benzoyl peroxide 
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catalyst is the best all-round pre- 
mix catalyst. 

Pigment: In general, pigments 
which can be used with polyesters 
for preform molding are satis- 
factory for premix. The range of 
% to 3 parts of pigment paste 
per 100 parts resin is customary. 

Internal mold lubricants: The 
use of internal mold lubricants 
such as stearic acid and zine or 
magnesium stearate is required 
for satisfactory mold release 
characteristics. For molding tem- 
peratures up to 270°F., stearic 
acid provides excellent release, 
and from 270 to 310°F., zine or 
magnesium stearate is recom- 
mended. Concentration should be 
1.0 to 1.25% of lubricant, based 
on total mix weight. 


Mixing equipment 


Careful laboratory and produc- 
tion studies have demonstrated 
that the most satisfactory mixer 
is a double-blade, rectangular- 
trough-type kneader equipped 


with 180° spiral blades. Sigma 
blades can also be used; however, 
as there is a tendency for mate- 
rial to ball-up on the center post 
of a sigma blade, use of the spiral 


blade is preferable. 

There should be a % to %% in. 
clearance between the blade edge 
and shell to prevent jamming of 
blades and excessive degradation 
of the glass fibers. 

The recommended range of 
blade speed is 20 to 35 r.p.m. If 
blade speed is too slow, the rate 
of mixing is reduced and abnor- 
mal cycle time results. If, instead, 
it is too high, the mix becomes 
overworked, causing degradation 
of glass fibers and overheating. 

The high viscosity of premix 
compounds creates considerable 
friction during mixing. This 
causes a build-up of heat in the 
mix which, if it becomes exces- 
sive, will result in reduced sta- 
bility, pre-gel of the resin, and 
considerable loss of monomer in 
resins containing volatile mono- 
mer, e.g., styrene or vinyltoluene. 
Temperature of the mass should 
not be permitted to exceed 125° F. 
In small mixes, heat build-up is 
ordinarily not a problem; how- 
ever, in batches of 50 Ib. or more, 
the mixer should be jacketed to 
provide for the water cooling of 


the shell. 
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The suggested procedure for 
mixing, including approximate 
cycle time is as follows: 0 min.— 
add dry filler (clay, limestone, 
etc.) and lubricant (stearic acid, 
zinc stearate, etc.) to mixer and 
start blades; 1 min.—add resin, 
catalyst, and color to mixer and 
allow to blend thoroughly; 5 to 
20 min.—add glass carefully to 
prevent agglomeration and conse- 
quent poor wetting and disper- 
sion; 20 to 30 min.—glass addition 
complete, allow to mix thorough- 
ly; 30 to 45 min.—mix complete. 
Dump. 

As indicated, these cycle times 
are approximate and should be 
adjusted to meet the requirements 
of particular mixes or batch sizes. 

The resin-filler mix should be 
a smooth paste prior to addition 
of glass. After glass addition is 
complete, mixing should continue 
until a thorough dispersion is as- 
sured and the glass fibers are 
well-wetted. Overmixing should 
be avoided because it results in 
excessive degradation of the glass 
fibers and consequent lowering of 
physical strength. 

Because considerable heat of 
friction develops during mixing, 
the mix should be dumped into a 
cellophane- or polyethylene-lined 
pan or tote box immediately after 
dispersion is complete. After the 
mix has been permitted to cool 
approximately 10 min., it should 
be stored in a tightly sealed fiber 
drum lined with polyethylene or 
cellophane. This is of particular 
importance when volatile mono- 
mer resins are used, because the 
loss of monomer on exposure will 
dry a mix and cause it to become 
unusable in a short period of time. 

The mixing equipment may be 
cleaned with styrene, acetone, 
methyl “Cellosolve,” or methyl- 
ene chloride. However, methylene 
chloride is recommended because 
it is nonflammable. A small quan- 
tity of chopped glass added to the 
methylene chloride helps to re- 
move solid chunks of material. 
Mixing and cleaning operations 
should be conducted in a well- 
ventilated area. 


Storage 


Various factors affect the stor- 
age life of polyester premix com- 
pounds, which normally range 
from 3 to 7 days at 70° F., longer 


at lower temperatures. The vola- 
tile monomer resin mixes tend to 
become unusable at a faster rate 
than the diallyl phthalate mono- 
mer resin mixes. The clay mixes 
are generally more stable than 
those containing calcium car- 
bonate, although mixes made 
with the ground limestone form 
have comparatively good shelf 
life. Another factor is color—cer- 
tain pigments, particularly some 
types of blue, green, and black, 
reduce stability. 


Presses 


Almost any standard compres- 
sion molding press is satisfactory 
for molding polyester premix 
compounds. The principal feature 
to incorporate is rapid closing. 
From the time the mold is loaded 
to application of full pressure, 
no more than 6 to 8 sec. should 
elapse; otherwise pre-gel may 
result. 

Pressure requirements range 
from 500 to 2,500 p.s.i. on the pro- 
jected area of the mold, depend- 
ing on draw, complexity of the 
part to be molded, and presence 
in the mold of core pins or other 
obstructions to flow. For simplest 
parts, involving no obstructions 
to flow and no more than 1 in. 
draw, tonnage requirements can 
be based upon a’ length-times- 
width calculation of the mold area 
perpendicular to the direction of 
pressure. When the draw exceeds 
1 in., area in sq. in. may be cal- 
culated as follows: 

A=WL-+0.1 WLD 
where W, L, and D are the width, 
length, and depth, in inches. 

If an existing press does not 
provide the necessary tonnage it 
can often be modified by 1) in- 
creasing the line pressure; or 2) 
increasing the ram diameter. If it 
is feasible to increase ram diam- 
eter, it is probable that a higher- 
volume pump will be required to 
maintain a high closing speed. 


Molding principles 


Polyester premix compounds 
can be molded by compression or 
transfer methods. Articles manu- 
factured by transfer molding 
methods do not usually develop 
a circular strength pattern. The 
resultant strength is normally 
lower than that developed by 
compression methods, and shrink- 
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age tends to be higher. The flow 
of material through the gate 
causes alignment of the fibers and 
produces unidirectional strength. 
This fact should be taken into 
account in the design of the mold. 
The gate should be so designed 
and located as to provide maxi- 
mum strength in the direction of 
maximum stress. Multiple gates 
should normally be avoided be- 
cause a weak section will result 
at the point of knit. The best 
strength is obtained by gating at 
the end of a part rather than at 
the center. 

Because of the abrasive charac- 
teristics of polyester premix com- 
pounds, molds should be made of 
conventional mold steels hard- 
ened by heat-treating, highly 
polished, and, preferably, chrome- 
plated. 

The type of mold to be used 
depends upon the part under con- 
sideration. Flash, semipositive, 
and positive molds have been used 
successfully in premix molding. 
In general, semipositive molds 
are recommended since produc- 
tion of parts having the most uni- 
form density and minimum 
shrinkage requires the material 
to be under positive pressure at 
all times. The clearance of the 
vertical punch entry varies from 
3 mils for materials of low glass 
content to 6 mils for high glass 
content mixes. The bulk factor of 
premix materials varies over 
a rather wide range depending 
upon glass content. Low glass 
mixes have a bulk factor of ap- 
proximately 2 to 1, whereas for 
high glass mixes, it may run as 
high as 6 to 1. The mold should 
be cored for steam- or cartridge- 
type electric heaters in order to 
provide uniform heat transfer in 
both plug and cavity. It should 
be mounted on insulation to pre- 
vent loss of heat by conduction 
to press members. Knock-out 
pins can be satisfactorily used, 
but they should be somewhat 
larger in area than those used 
for other molding materials. To 
obtain proper material flow, easy 
release from the mold, and 
molded parts of optimum strength 
and serviceability, the following 
design recommendations should 
be considered: 

1) Avoid abrupt changes in wall 
thickness. 
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2) Round all corners gener- 
ously. 

3) Avoid extremely thin sec- 
tions (less than 60 mils) or thin 
ribs. 

4) Avoid undercuts. If an 
undercut is essential, it can be 
produced in a_ multiple-piece 
mold; however, this greatly in- 
creases mold cost and often in- 
creases cycle time. 

5) Eliminate molded-in holes, 
if possible. When such holes are 
necessary, it is best to design 
holes to go partly through the 
article, then drill out the rest 
after molding. This permits better 
flow of glass. If core pins are 
used, they should be located far 
enough from the edge to allow the 
material to knit after flowing 
around the pin. 

6) Sides should be tapered to 
provide easy removal from the 
mold. 

7) Bosses designed to be tapped 
for screw attachment or molded- 
in inserts should be of sufficient 
diameter to distribute stress ade- 
quately. 

In charging a mold with poly- 
ester premix compound, a certain 
amount of preforming is desirable 
to remove air from the charge and 
to provide the proper flow of ma- 
terial, thus insuring maximum 
strength in the molded part. Pre- 
forming may be accomplished 
by hand, in an arbor press or 
hand-operated forming mold, or 
with a power-operated extruder. 
Since extrusion aligns the glass 
fibers in one direction, unidirec- 
tional strength results unless a 
special loading technique is de- 


veloped. Both ram-type and 
screw-type extruders are being 
used satisfactorily. Excessive 
build-up of heat from friction 
should be avoided because it may 
result in pre-gel. Heating the ex- 
trusion die to 130 to 140° F. im- 
proves the surface of the extruded 
material. 

The closed mold cycle depends 
upon curing temperature, nature 
of the resin, and maximum wall 
thickness of the part. Curing tem- 
peratures range from 250 to 
300° F. and closed mold time from 
30 sec. to 5 minutes. This is a 
generalization not applicable to 
special cases requiring modified 
flow characteristics on account of 
size, thickness, or shape of a 
particular article. 


Handling and finishing 


Proper handling of the cured 
article after removal from the 
mold is of the utmost importance. 
While the part is hot, it is com- 
paratively weak and can easily 
be fractured or distorted. Simple 
cooling jigs do much to prevent 
warpage during the cooling pe- 
riod. 

Most finishing and trimming 
operations can be performed on 
standard metal-working equip- 
ment. Tools for drilling or milling 
should be carbide tipped. Cutting 
is best accomplished on a wet 
abrasive cut-off wheel. Wet sand- 
ing does not create a dust prob- 
lem, but dry sanding operations 
should be conducted under a hood 
equipped with power exhaust, be- 
cause of the large quantity of fine 
siliceous dust produced. 
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BY J. J. COLAO* 


Because phenolic premix mold- 
ing is still in the formative stages, 
to date only reinforced or impact- 
type materials are being pre- 
pared on the molder’s premises. 
Indications are, however, that 
phenolic molding materials of all 
types eventually could be pre- 
pared by the premix process. 
This lowered cost places impact 
phenolics in a new light. It means 
that applications once rejected 
because of price can now be re- 


* Allied Chemical Corp., Plastics and Coal 
Chemicals Div., 40 Rector St., New York 6, 
N. Y 


evaluated—and new applications 
can now be brought under con- 
sideration. 


Preparation 

The preparation of phenolic 
premix materials requires both 
adequate mechanical mixing and 
sufficient heat for chemical ad- 
vancement of the resin. This 
operation is done in a _ heated 
kneader or similar type mixer per- 
forming 3 major functions: it dry- 
blends the dry ingredients, mixes 
the resin and dry ingredients into 


535 








Phenolic resin is added to 
dry-blended ingredients in 
a mixer as the first step 
in preparing phenolic pre- 
mix materials 


and ad- 
vances the cure of the resin to a 
state suitable for molding. The 
dry ingredients (calcium car- 
bonate, clay, wood flour, sisal, 
lubricant, and color) are added 
to a heated mixer and blended 
until a uniform mix is obtained. 
The liquid phenolic resin is then 
added and time of resin addition 
noted. Mixing is continued for a 
predetermined time to ensure 
satisfactory advancement of the 
resin. Approximately 10 min. 
prior to the predetermined dump- 
time, glass fibers, if included in 


a homogeneous mass, 


the formulation, can be added. 
(Dump-time is predetermined 
and dependent upon the cure of 
the resin, mixing temperature, 
and formulation.) When dumped, 
the material is in a state suitable 
for molding. Depending upon the 
formulation utilized, the form of 
the premix can vary from fine 
hard granules to large hard 
lumps. This material has almost 
unlimited stability and no special 
packaging precautions are re- 
quired. 

A recipe for a typical premix 
compound is as follows: 
Resin: Liquid phenolic 
Fillers: Wood flour 

“Silvacon” wood-bark 

derivative 


40.0 % 
28.0% 


9.0% 
5.0% 
15.0% 


1.0% 
1.0% 
1.0% 


Calcium carbonate 
Reinforcement: Sisal 
Lubricant: Zine stearate 
Color: Carbon black 


Neutralizer: Calcium hydroxide 


As is the case with standard 
phenolic molding materials, there 
are many different resins for 
specific applications. However, 
in all cases, the principal func- 
tion of the resin in any molding 
material is to flow through and 
fill out the mold cavity and to 
bond the fillers and reinforce- 
ment. Liquid resins having low 
viscosities at elevated tempera- 





Typical premix compound data 





Powder properties 


Form of material 

Bulk factor 

Molding temp., °F. 
Molding pressure, p.s.i. 
Storage life, mo. 


Properties of molded material 


Specific gravity 
Flexural strength, p.s.i. 
Flexural modulus, p.s.i. 
Tensile strength, p.s.i. 
Tensile modulus, p.s.i. 
Compressive strength, p.s.i. 
Izod impact, ft.-lb./in. of notch 
Heat distortion, °C. 
at 66 p.s.i. 
at 264 p.s.i. 
Water absorption, % 
Oil resistance 
(13 days immersed in SAE 10 Oil) 
Hot-cold cycle (24 hr. at 175° F.- 
24 hr. at 40° F.) 


Value 


A.S.T.M. test method 


\, in. lumps —_ 
2.7-3.4 D-392 
300-375 — 

1500-2000 — 
3 — 


1.7 


SoOUOOUUUD 


200 

187 

18 
Unchanged 


No cracks 





tures are necessary to obtain 
adequate wetting-out of the 
added components, but these res- 
ins must have high solids content, 
i.e., be low in diluents, so as to 
minimize the amount of volatiles 
to be removed. Low-solids resins 
require extended, and therefore 
uneconomical, mixing cycles. To 
allow for adequate mixing time 
and necessary control, resins with 
stroke cures of over 40 sec. are 
required. 

The properties of a_ typical 
water-soluble, one-step premix 
resin' are as follows: 


Reactive ‘‘solids’’ content, % 
Viscosity, 25°C., cp. 
Stroke cure, 150°C., sec. 55.0 
Set time, 135°C., sec. 490.0 
pH 7.6 
Specific gravity 1.25 
Phenolic materials prepared 
with this type of premix resin ex- 
hibit a normal shelf life of about 3 
months; after this period they do 
not flow as well. However, even 
after 6 to 9 months on the shelf, 
the premixes are completely 
moldable at slightly higher pres- 
sures. 


75.0 
200.0 


Fillers 


Various mineral and cellulosic 
fillers such as clay, limestone, 
mica, asbestos, wood flour, and 
“Silvacon” are used in phenolic 
premix molding compounds. 

Wood flour is the most widely 
used of all phenolic fillers be- 
cause of low cost, low specific 
gravity, and excellent strength. 
Wood flour comes in various type 
woods and mesh ranges; white 
pine of approximately 100 mesh 
is usually preferred. 

“Silvacon,” a bark derivative 
containing natural resinous mate- 
rial, is used as an extender to 
reduce the resin content and 
hence reduce cost of the mix. 

Limestone has a 
absorption value. Therefore, 
limestone-filled premix com- 
pounds require less resin. Since 
it is white, it also imparts im- 
proved surface finish and makes 
colors more brilliant. 


low oil- 


Reinforcement 


Chopped glass, sisal, and cot- 
ton fabric and flock are the most 
widely used reinforcing mate- 


1 Plaskon resin, product of Plastics and Coal 
Chemicals Div., Allied Chemical Corp. 
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ials. Glass fiber, because of its 
high cost, is only used when ex- 
ceptional strength is needed. 
Phenolic molding materials con- 
taining glass fiber require extra 
care and special handling because 
the bundles of glass filaments 
that make up chopped fiber dis- 
integrate and lose their rein- 
forcing ability if worked exces- 
sively. 

Sisal fibers impart good impact 
strength. This material has a high 
affinity for water; thus, com- 
pounds requiring good water re- 
sistance should not be formulated 
with sisal. On a_ weight/cost 
basis, sisal delivers the highest 
impact strength of any material 
now on the market. Parts molded 
from _ sisal-filled 
however, 


compounds, 
have a characteristic 
orange-peel surface that pre- 
cludes some applications. 

Cotton fabric or flock mate- 
rials impart good finish and good 
water resistance properties to the 
molded part. However, they im- 
part only half the impact strength 
of sisal. 
Lubricants, 
stearates 


metallic 
and low-molecular- 
weight polyethylene, are com- 
monly used with phenolic premix 
materials to aid in processing and 
to assist the removal of the part 
from the mold. 

Color: Generally, phenolics 
have poor color properties and 
will fade when exposed to light. 
Molding materials are limited in 
color to black, brown, and other 
dark (red and green) shades. 
Various dyes or pigments can be 
used with phenolics. While light 
colors can be molded, their lim- 
ited durability usually 
them impractical. 


such as 


makes 


Standard compression molding 


Tray molded of phenolic 
premix is removed from 
the mold. The flash along 
edges indicates complete 
filling out of the tray 
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presses are satisfactory for phe- 
nolic premix materials. The basic 
molding procedure is to com- 
press the material into the de- 
sired shape and hold it under 
pressure and heat (300 to 350° F.) 
until the chemical action which 
yields a hardened material takes 
place. Premix materials, like 
standard phenolics, require pres- 
sures in the range of 1000 to 
3000 p.s.i. 

Most phenolic molded parts 
usually do not require cooling 
jigs. Large parts with thin wall 
sections are, however, compara- 
tively weak while hot and will 
distort or warp if not supported 
by a cooling jig. 

The standard finishing and 
trimming operations used with 
standard phenolics are also used 
for premix materials, but premix 
materials filled with glass will 
require special handling because 
of their high abrasive action. 
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high-pressure 
laminates 


Manufacturing under the highest pressures 
that it is desirable to use, Parkwood adheres 
to meticulous laboratory controls and pro- 
duction techniques; meets or exceeds the 
highest standards of the industry. 


INDUSTRIAL LAMINATES 


HI-DEN (Parkwood’s trade name for densified 
wood) — a laminate of carefully selected birch 
veneers, impregnated with phenolic resins. 
Hi-Den is a homogeneous material of extreme 
density, strength, moisture resistance and di- 
mensional stability. 

Available in several grades, in panels up to 
2” thick and varying widths and lengths, Hi- 
Den can be machined to close tolerances with 
high-speed woodworking tools, belt or disc 
sanders and buffed to a high polish. 

Used successfully for picker sticks, strain 
insulators, power sticks, forming and drawing 
dies for light metal, its beautiful natural wood 
grain has also made it a favorite material for 
cutlery and other handles, clarinets, store 
fixtures, architectural hardware, etc. 

Our engineers will be glad to work with you on 
specific problems. For illustrated Hi-Den 
brochure, price list, etc., write Dept. H. 


PARKWOOD 8000 — a kraft paper impregnated 
laminate of great density and stability. Es- 
pecially recommended for flat thin applications 
such as bench tops or routing templates, fixtures 
and some types of Hydro-form dies. 


for Duty. for Beauty. 


Parkwood decorative panels offer architects, de- 
signers and fabricators maximum quality, range, 
flexibility and long-run economy. Protected for 
life by genuine Melamine — unsurpassed for 
appearance, feel, and resistance to abrasion. 


DECORATIVE Parkwood does the top styling job 
of the industry in this group, with many smart 
patterns and the finest and largest selection of 
plain colors available anywhere. 


GENUWOOD High-pressure laminate incorporat- 
ing a layer of genuine precious-wood veneer — 
the ultimate in surfacing for fine furniture, bars, 
counters, store fixtures. 


ROTOWOOD Authentic reproductions of beauti- 
ful natural wood grain brought to a high degree 
of perfection by Parkwood’s years of experience 
with wood veneers. 


SUPERWOOD A premium Rotowood fea- 
turing exclusive multi-color reproduction of 
selected wood grains at a slight advance in price. 


For handsomely illustrated brochure, samples, and 
name of nearest distributor, write Dept. D. 








Sandwich Constructions 


BY STEVEN YURENKA* 


S ancwicr constructions are 


multilayered laminates formed by 
bonding two thin, dense load- 
carrying faces or skins to com- 
paratively thick, light, stabilizing 
cores. They are considered to 
have the greatest strength in 
proportion to their weight of any 
solid material now being manu- 
factured. The development of 
suitable synthetic resin adhesives 
for joining faces and cores is 
largely responsible for their 
growing acceptance by industry 
and by a large segment of the 
general public. Principally, it has 
been the strength, simplicity, and 
rigidity combined with minimum 
weight that has made sandwich 
construction such an important 
new product. 


Honeycomb cores 
Sandwich 


usually 


constructions are 
classified according to 
their cores. The most commonly 
used core is probably honeycomb 
* Research Engineer, Douglas Aircraft Co., Inc 


$000 Ocean Park Blvd., Santa Monica, Calif. 
References were prepared by the editors. 


Dry adhesive film formu- 
lated of epoxy resins and 
elastomeric materials lique- 
fies when heated and can 
be used to bond honeycomb 
sandwiches. (Photo, Minn. 
Mining & Mfg.) 


(a design concept based on the 
structure of a bee’s honeycomb). 
It uses a minimum of material to 
maximum advantage. 

The honeycomb core material 
may be a cured resin-impreg- 
nated paper, cotton, or fibrous 
glass fabric, or it may be an in- 
organic material such as alumi- 
num, steel, titanium, or ceramic 
foil. It carries shear loads and 
resists compressive and tension 
loads normal to the faces of the 
sandwich. It also supports the 
thin faces, preventing them from 
buckling under edgewise com- 
pressive loads before the yield 
strength of the face material is 
reached. 

Honeycomb cores are manufac- 
tured by either of two methods. 
In the first method, thin flat sheets 
are bonded together with stag- 
gered strips of adhesive, then ex- 
panded to form the cell structure. 

In the second method, the 
sheets are corrugated first and 
then joined together with an 
adhesive at their crests (or nodes 
as they are often incorrectly 
termed). The cores are available 
in a wide variety of materials, 
cell sizes, shapes, and foil thick- 
nesses depending on the proper- 
ties desired. 

For aircraft and other struc- 
tural applications where high 
strength and resistance to mois- 
ture and general weathering are 
required, metal cores are the 
most common. The most fre- 
quently used metals are alumi- 
num and stainless steel, although 
development efforts on titanium 
are continuing. 

Fibrous glass honeycomb is an 
excellent core for radar dome 
construction because of its dielec- 
tric properties. In addition to its 
high strength, it has good thermal 
insulation and excellent resist- 
ance to weathering. 

Cotton cores are used for high- 
strength applications which also 
call for high thermal resistance. 
They have excellent resistance to 


moisture, fungus growth, and 
general weathering. These prop- 
erties make them useful for mili- 
tary arctic shelter panels and for 
trailer van walls. 

Kraft paper honeycomb is one 
of the strongest core materials 
known on a_e strength-weight 
basis and one of the most versa- 
tile. It is very easy to handle and 
cut to size. It is excellent for low- 
cost applications where loading is 
not excessive. Its good insulating 
properties can be further im- 
proved by filling the cells with 
various insulators such as foam- 
in-place plastics or perlite pow- 
der. By filling the cells with 
lightweight gypsum or portland 
cement, it can be made a very 
effective fire barrier. Because the 
moisture sensitivity of this core 
is high, sandwich panels using it 
must be weather-sealed. 


Foamed plastics cores 


In addition to the resin-im- 
pregnated honeycomb cores, the 
core materials most closely iden- 
tified with the plastics industry 
are those produced from cellular 
or foamed plastics. The list of 
rigid plastics foams includes: 
polystyrene, urethane, vinyl, cel- 
lulose acetate, phenolic, epoxy, 
polyethylene, silicone, and urea 
foams. 

Low thermal conductivity is a 
natural advantage of all foam 
plastics. They are ideal for sand- 
wich construction because of their 
good resistance to humidity and 
many chemicals, good dielectric 
properties, and the fact that their 
density and mechanical proper- 
ties can be closely controlled in 
compounding. 

Polystyrene foam is one of the 
lightest rigid cores available. It 
is available in precast planks, or 
in expandable beads for foam-in- 
place applications. Sandwich pan- 
els made of expanded styrene 
foam cores bonded to galvanized 
steel faces are being used by 
dairies, supermarkets, meat pack- 
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nelco 


laminates 


offer 


SCOPE FOR THE DESIGNER 
A wide choice of clad and unclad 
phenolics and epoxies, with char- 
acteristics to meet your exacting 
specifications . . . new materials 
developed to fit your unique needs 

. plus Nelco moulded laminated 
copper-clads . . . give you unlim- 
ited scope in designing within 
strict limitations. 


EASE FOR THE FABRICATOR 
The uniformity and high quality 
of Nelco Laminates cut to a min- 
imum the rejects, slow-downs and 
shut-downs that reduce production 
and increase costs. Every manufac- 
turing process benefits from the 
quality built into Nelco products. 


CONFIDENCE FOR THE USER 
When you specify Nelco copper- 
clads for etched-circuit bases, be it 
fora hearing aid ora mammoth com- 
puter, you know your supplier can 
do his best work and your product 
will do justice to your reputation. 


DESIGNER / FABRICATOR / USER 
Use the Nelco Catalog as your 
BuyING GuIpE for clad and unclad 
phenolics and epoxies. Our nation- 
wide engineering-service staff and 
plant technical personnel are at 
your command. Write today. 


neleo Aoss 


NEW ENGLAND LAMINATES CO. 
481 Canal Street, Stamford, Conn. 
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ers, and other companies requir- 
ing large-area refrigerated space 
as walk-in coolers. These coolers 
are designed to be fire-, weather-, 
and rodent-resistant and to ac- 
commodate temperatures up to 
150° F. on the outside and —40 
F. on the inside. 

A new system, 
development, combines expand- 
able polystyrene beads and an 
exothermic-type thermosetting 
(epoxy) resin. When the two are 
mixed, and a curing agent and 
modifier added, the heat pro- 
duced by the cure of the resin 
expands the beads to form the 
foam. As the beads expand they 
force most of the epoxy resin out 
to the surface where it provides 
excellent adherence to a variety 
of facing materials. The remain- 
der of the resin acts as a binder 
and reinforcement between the 
individual expanded beads. Ap- 
plications for such sandwich 
structures include refrigeration 
applications, truck bodies, boats, 
furniture, and aircraft. 

Rigid urethane foams, as used 
in sandwich construction, are 
closed-cell structures. They can 
be precast or foamed in place by 
pouring or spraying. Their ad- 
vantages are: high  strength- 
weight ratio, excellent adhesion 
to many surfaces without bonding 
agent, low thermal conductivity, 
low water permeability, and good 
resistance to oils and solvents. 


now under 


Phenolic foams offer a wide 
range of densities at very low cost 
and, hence, are attractive for 
sandwich construction. Although 
they have very low compressive 
and shear strengths, they can be 
combined with paper honeycomb 
cores to take advantage of the 
best physical properties of each 
material. The resultant sandwich 
has excellent thermal and acous- 
tical insulation properties and 
good structural strength at low 
cost. 

Epoxy and_ epoxy-phenolic 
foams are finding wide use as 
cores in plastic tooling and as 
reinforcing inserts and edge ma- 
terials for aluminum honeycomb 
panels. Their excellent dimen- 
sional stability, high structural 
strength, and resistance to solvent 
attack make them very useful 
for aircraft applications. When 
used with aluminum honeycomb, 
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Eye appeal can be your big “plus 
factor” in today’s competitive mar- 
ket...and Mirro-Brite “Mylar” is 
the perfect answer. Versatile... 
amazing tensile strength! In a wide 
variety of sizes, color finishes, pat- 
terns and special effects. Available 
with or without pressure-sensitive, 
self-adhering backing. Write for il- 
lustrated sampler and price lists. 


*“Mylar”’ is DuPont's registered trade mark 
for its brand of polyester film. 
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PRO ORE 4S, INC. 


DEPT. MP-9 101 W. FOREST AVE. ENGLEWOOD, NJ. 


also Mirro-Brite Acetate, Polystyrene, 
Butyrate and Ethyicellulose 
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COLORING REINFORCED PLASTICS 


BY JAMES E. SIMPSON* 


The large and growing variety of products molded 
of reinforced plastics has encouraged the develop- 
ment of specialized colors and techniques for use with 
these materials. The choice of colors and coloring 
methods can be an important factor in producing a 
quality product. In addition to the desired shade, 
such properties as light and heat stability and other 
physical properties of the pigments used should 
be considered. 


Paste Colors—The most widely used method of color- 
ing polyester and epoxy resins for reinforced plastics 
is by the use of paste colors. These colors are highly 
concentrated pastes or “dispersions” of pigments 
ground into a vehicle or carrier. 

In use, the paste color concentrate is simply mixed 
into the uncolored resin by the molder. This method 
provides fast, even dispersion. With the use of quality 
controlled color pastes, it can simplify the production 
of uniformly colored products. 

Ferro Paste Colors combine maximum pigment 
concentration with specially developed vehicles that 
are compatible and will react with the resins. ‘These 
vehicles exhibit no plasticizing effect on the laminate 
and provide good shelf life stability. 

For fast service and the economy of mass produc- 
tion, Ferro stocks a group of primary colors which 
can be combined to produce any shade desired. By 
purchasing these colors from stock and blending them 
in the plant for special color matches, many molders 
have reduced their color inventories, saved on waste 
and speeded up delivery of rush orders. 

Color charts and complete technical data on Ferro 
Paste Colors for Polyester Resins and Ferro Paste 
Colors for Epoxy Resins are available on request. 


Gelcoats— For hand lay-up production many mold- 
ers are using gelcoats. These thin, opaque colored 
coatings effectively hide the fiber glass mat and elim- 
inate the need for coloring the complete laminate. 
They give the finished product a smooth, abrasion 
resistant surface that is chemically bonded to the 
laminate for long service. 

Ferro Colored Gelcoats are available in a wide 
selection of shades. Write today for literature and 
color chart. 


Parting Films—To provide a smooth finished surface 
and to assure easy removal of the reinforced plastic 
part from the mold in hand lay-up operations, part- 
ing films are used. Ferro has developed a liquid 
parting film that is easy to apply and offers many 
special advantages. Complete information available 
on request. 


Can we help you? Our color laboratory facilities are 
available to work with you on any problem or proj- 
ect you may have involving plastic colors. For in- 
formation on any of the products mentioned above, 
please write Ferro Corporation, 4150 East 56th Street, 
Cleveland 5, Ohio or 5309 South District Boulevard, 
Los Angeles 22, California. 


*¢ r Division, Ferro Corporation, Cleveland. 





Ferro Gelcoats 


for reinforced polyester laminates 


Now, you can give hand laid-up reinforced 
polyester products a smooth, opaque, 
colored surface that will not absorb water 


and is resistant to abrasion and shattering. 


Simply spray Ferro Gelcoat on the mold 
surface. Then, clear resin and reinforcement 
are applied over it by your usual hand 
lay-up methods. When removed from the 
mold, the Gelcoat forms an integral, 
chemically bonded colored surface that 


requires little or no finishing. 


Ferro Gelcoats give you maximum pigment 
concentrations for full coverage with 

a thin application. They are resistant to 
cracking or crazing. They provide a hard, 


smooth base for future repainting if needed. 


You can choose from a wide selection of 
standard colors. Special matched 
colors available for volume production. 


Write today for complete information. 


FERRO CORPORATION 


4150 East 56th Street - Cleveland 5, Ohio 
5309 South District Blvd. - Los Angeles 22, California 
Ferro Enamels (Canada) Ltd. - Oakville, Ont., Canada 








they are foamed in place and 
serve to stabilize and fill the core 
cells and to bond the faces to 
the core. 

Syntactic foams are mixtures 
ot hollow, microscopic, phenolic 
spheres (or microballoons) and 
a polyester, epoxy, or phenolic 
binder. By varying the ratio of 
sphere-to-resin and also by the 
choice of binder, a wide range 
of foam densities can be obtained. 
The uncured foam is normally 
handled as a_ putty-like mass 
which is hand-troweled onto 
suitable surfaces or pressed into 
sandwich core structures. Syn- 
tactic foams are used as a core 
material for such reinforced ap- 
plications as boat hulls and 
decks, and reinforced sections of 
airplane structures. 


Adhesives 


The characteristics of the ad- 
hesives used in sandwich con- 
struction determine, in large 
measure, the strength and dura- 
bility of the structure. These ad- 
hesives are available in at least 
three different forms: liquids, 
pastes, and supported films. These 
forms may be used singly or in 
combinations to obtain the de- 
sired strength properties. 

a) Liquids: These adhesives are 
applied by spray or roller coat 
equipment. The polymer types 
commonly used are the poly- 
vinyl-phenolic, synthetic rubber- 
phenolic, resorcinols, and epoxies. 

b) Pastes: These adhesives are 
usually “buttered on” the facings 
by hand. They have good fillet 
forming characteristics between 
honeycomb cores and the faces. 
The polymer types commonly 
used include filled catalyzed 
epoxies, polyamides, polyesters, 
and phenolic-epoxy blends. 

c) Supported films: These ad- 
hesives have a scrim cloth carrier 
of fibrous glass, nylon, or cotton 
for supporting thermosetting res- 
ins of polyvinyl-phenolic, syn- 
thetic rubber-phenolic, or epoxy- 
phenolic. 

A new development in ad- 
hesives for honeycomb sandwich 
construction, the supported com- 
posite films, has recently swept 
through the aircraft industry. The 
so-called supported composite 
tough, elastomeric 
adhesive layer bonded to the fac- 


film is a 


Climbing drum peel tester 
is used to check quality of 
bonded honeycomb sand- 
wich panels. (Photo, Minn. 
Mining & Mfg.) 


ing, and a self-filleting but non- 
tacky paste bonded to the core. A 
scrim cloth separates and sup- 
ports these two adhesives. This 
new concept combines the high 
peel strength of the elastomeric 
component and the deep fiileting 
characteristics of the nontacky 
paste, cuts fabrication costs, and 
makes possible stronger, lighter, 
and more fatigue-resistant air- 
craft structures. The composite 
film shows great potential for 
other industries as well. 

In addition to the core-to-face 
adhesive, a second type of bond- 
ing agent used in a honeycomb 
sandwich is the adhesive which 
joins the plies together at the 
crests. This bond is fabricated in 
the process of manufacturing the 
core material. Usually phenolic- 
or epoxy-based adhesives are em- 
ployed. This bond helps to sustain 
the shear stresses in the core 
and contributes to its flatwise 
compressive strength. The bonds 
are not, however, nearly as highly 
stressed as the skin-to-core bonds 
because of the relatively large 
bonding area presented by the 
crests. 

Two other types of adhesive 
bonds present in sandwich panels 
are: 1) those between the ad- 
jacent sections of core; and 2) 
those between the core and high- 
density inserts, edgings, or fit- 
tings. Epoxy adhesives are espe- 
cially suitable for both purposes 


because they tend to form void- 
free adhesive bonds in large 
thicknesses. 


Face materials 


In a sandwich, the face material 
is the strength-giving element 
and generally defines the strength 
properties. Almost any sheet ma- 
terial will work as a facing and 
most of them have been tried at 
one time or another. Wood in 
various forms was the most fre- 
quently used material for a long 
time, but now a list of common 
facings includes: plastics—espe- 
cially the fibrous glass-reinforced 
types; metals—mild steel, stain- 
less, aluminum, copper, magne- 
sium; and some nonmetal inor- 
ganics, such as glass or asbestos 
cement board. 

Alclad aluminum is perhaps the 
most popular metal because it 
represents an excellent compro- 
mise between weight, strength, 
and cost. Aluminum honeycomb 
cores with aluminum skins joined 
with adhesives are very common 
in aircraft structures. The key 
properties are high strength- 
weight ratio and excellent corro- 
sion resistance. 

Stainless steel, though a high- 
cost and relatively heavy facing 
material initially, becomes eco- 
nomical when its strength and 
corrosion resistance over a wide 
range of temperatures are con- 
sidered. New coloring methods for 
stainless are attracting new con- 
sumer markets because of their 
eye appeal. 

Mild steel is an excellent low- 
cost, high-strength material but 
it must be protected from corro- 
sion for long sandwich-panel life. 
A variety of coatings have been 
developed for this purpose such 
as painting, galvanizing, porcelain 
enameling, vacuum metalizing, 
and laminating with vinyl or 
polyester films. Porcelain is the 
most durable of these, but re- 
quires the facing to be completely 
shaped before coating. 

Since high  strength-weight 
ratios are very important for 
structural sandwich constructions, 
the use of magnesium alloys is an 
obvious answer. However, they 
must be handled in a _ special 
manner during their cleaning, 
surface protection application, 
and bonding. They also must be 
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used carefully in combinations 
where they may come in contact 
with other metals, because of the 
danger of galvanic action. 

At times, metal skins cannot do 
the job that plastics can do. An 
outstanding example of this is 
the electrical sandwich used in 
radomes and microwave windows. 
The most popular reinforcing 
agent is woven fibrous glass 
fabric and the more commonly 
used plastics for impregnating 
and laminating these fabrics are 
polyesters, epoxies, phenolics, and 
silicones. Within certain broad 
limits, any combination or resin 
and fabric can be used to produce 
a plastic laminate face for sand- 
wich constructions. Although they 
are expensive, fibrous glass re- 
inforced plastic facings offer good 
corrosion resistance, high strength 
weight ratios, and good dielectric 
properties. With paper honey- 
comb cores, panels for truck 
bodies, tanks, landing craft, and 
radar housings have been built. 
Experimental homes which in- 
corporate reinforced plastic-faced 
paper honeycomb or foamed 
plastic core sandwich panels have 
focused the attention of a large 
segment of the public on this ver- 
satile material. Cores of foamed 
urethanes and polystyrenes work 
well with laminated plastic faces 
because the lay-up process tightly 
locks facing to core. With con- 
toured parts, these facings are 
easy to apply by hand lay-up. 

Asbestos cement board is the 
most common inorganic nonmetal, 
and its nonflammable character- 
istic makes it an ideal facing for 
firewalls. Paper honeycomb core 
impregnated with a cement slurry 
for fire resistance has been made 
into panels with asbestos cement 
board faces for small buildings. 
Moisture resistance is excellent, 
and the board can be worked like 
wood, although tool wear is high. 
The chief disadvantage is high 
density—up to 80 Ib./cu. foot. 


Fabricating sandwich panels 


The manufacturing process 
used in fabricating sandwich pan- 
els generally involves: 

1) Chemically cleaning and 
preparing of the skins of the 
sandwich. 

2) Coating the core and faces 
with an adhesive. 
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3) Bonding the parts in a hot 
press or autoclave under sufficient 
heat and pressure. 

The flat sandwich panel is the 
most common shape and has the 
greatest number of uses. It is 
made in a hot-plate press and 
requires little special tooling; 
many details, such as imbedded 
conduits, doublers, and inserts for 
attachment points, can be bonded 
integrally with the flat panel. 
Where weight, stiffness, and flat- 
ness are important considerations, 
such as in aircraft partitions and 
floors, desks, plotting boards, and 
building panels, honeycomb is the 
best solution. 

Core materials and face skins 
can be contoured accurately, 
though not always inexpensively, 
to meet any desired contour spe- 
cifications. Preformed metal hon- 
eycomb core is easy to contour, 
especially when it is reinforced 
(e.g., as with ice or a water- 
soluble plastic wax), because the 
cell size and shape does not 
change with cutting or during the 
bonding cycle. Many singly con- 
toured shapes can be produced by 
first machining an unexpanded 
block of aluminum honeycomb 
core to a calculated shape and 
then expanding it to the desired 
size. In this way, it is possible 
to produce control surfaces, mis- 
sile fins, and most thin air foil 
shapes without employing high- 
cost equipment. 

Parts having compound curved 
surfaces can be molded in an auto- 
clave or other special processing 
fixture to bond core and face skins 
into high-strength curved assem- 
blies. Some of the products which 
can be manufactured using this 
process are radomes, fuselage 
doors, radar reflectors, boat hulls, 
and equipment housings. 

Because of the low density of 
most cores, certain precautions 
must be taken in riveting or bolt- 
ing through the sandwich to pre- 
vent crushing the core. Metal or 
plastic spacers, semitubular rivets, 
and blind rivets may be employed 
for this purpose. 


Applications 


In aircraft and missile design, 
where weight control is vital, the 
structural rigidity of honeycomb 
sandwich construction has found 
wide acceptance. In addition, the 


aerodynamically smooth surfaces 
of a honeycomb panel in an air- 
foil shape provide the highly 
desirable characteristics of low 
drag and high performance. 
Ailerons, wings, fins, trailing 
edges, flooring, stabilizers, con- 
trol surfaces, elevators, wing 
tips, and wing fillets are some of 
the honeycomb applications in 
aircraft construction. Assemblies 
which formerly called for an elab- 
orate system of ribs, rivets, skins, 
and welds now are bonded to- 
gether by adhesives under heat 
and pressure. Lightweight rigid 
honeycomb structures are highly 
resistant to the tremendous vibra- 
tion pressure encountered by su- 
personic aircraft. This type of 
acoustical bombardment very 
quickly destroys ordinary struc- 
tural materials. 

But it is in the field of archi- 
tectural sandwiches that the po- 
tentially great usage exists—espe- 
cially when one considers the 
square footage of sandwich mate- 
rial that goes into a single large 
building. In this field the con- 
struction will, because of its ver- 
satility, eventually enjoy its larg- 
est volume use. One manufacturer 
has already designed and pro- 
duced a house of sandwich pan- 
els having aluminum-alloy faces 
on paper honeycomb cores. Un- 
usually good insulation charac- 
teristics were achieved by filling 
the honeycomb cells with a por- 
our plastic. 


New developments 


One West Coast aircraft manu- 
facturer has developed a method 
for imbedding resistance elements 
(wire) in cabin-radiant-heat 
panels. Insulated wire is placed on 
one face sheet of a sandwich pan- 
el, and honeycomb core is placed 
over the wire. A roller, with pre- 
set depressing force, is passed 
over the core and imbeds the ele- 
ment in the core. The core cells 
are filled with syntactic foam edg- 
ing about 34-in. wide. After the 
other face sheet is added, the 
sandwich panel is cured in a 
special heated fixture, using vac- 
uum. 

In another recent development, 
a new series of composite struc- 
tural sandwich adhesives has been 
simultaneously announced by four 

(Continued on p. 546) 
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Fiexural-fatigue strength @ 2 x 10° cycles 
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Allowable flexural-fatigue deflection @ 2 x 10° cycles 
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JICHPLY 


eees’ REINFORCED PLASTIC 


A revolutionary structural material 
offers a unique combination of properties 


WTCHPLY” flexural-fatigue 


Looking for a struc- structural materials in the graphs on the opposite page. 
tural material withasu- Look at the tensile strength-weight ratios. Then check 
perior strength-weight the fatigue strengths and allowable flexural-fatigue de- 
ratio and exceptional flections (taken at an arbitrary 2 x 10° cycles from the 
fatigue strength? You S-N curves shown reduced at left). Valuable combina- 
get it—and more—in_ tions? You bet. 

— ‘“‘ScoTcHPLy”’ Brand And that’s not all. ‘““SScorcupiy’’ Reinforced Plastic 
e104 105 10° 107 Reinforced Plastic. has excellent resistance to corrosion and water absorp- 
‘ScorcHPLY”’ Reinforced Plastic is a moldable, lami- tion, low thermal conductivity, low notch sensitivity, 
ed plastic reinforced with continuous non-woven glass good puncture and dent resistance. It is sold in uncured 
ments oriented to your specific stress requirements. sheets or rolls containing a controlled ratio of glass to 
available in epoxy, phenolic and other resin formula- resin. Heat and light pressure in matched metal dies, 
ms. You get a combination of properties unlike any vacuum or pressure-bag molding cure it into rigid form. 
her structural material on the market. It can then be sawed, machined, sanded, milled, turned, 
Compare “ScorcHpLy” Reinforced Plastic to other drilled or tapped. 


FOR COMPLETE INFORMATION and technical service, write on your letterhead to 
Dept. G.G., Reinforced Plastics Division, 3M Co., 1210 University Ave., St. Paul 4, Minn. 
A “Scotcup.y”’ Reinforced Plastic reference manual will be mailed you without charge. 


tinuous, non-woven | . 
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POLYGON 






RODS 
1/16” to 7/8” diam. 


TUBES 


SHAPES 
squares, rectangles, 
hexagons, channels, 

etc. 











GLASDRAMATICS 


Polyesters or Epoxy 
| 


duced by a continuous automatic process 
which assures equal and continuous dis- 


PoLyGon GLASDRAMATIC-RoDs are pro- 
| tribution of reinforced glass filaments and 


» | resin, 


The manufacture of rods on this basis 
offers better performing material at lower 
cost. 


Potycon GLasprRaAMATiIC tubing and 
custom shapes are made to customer 
specifications. 


FABRICATING FACILITIES 

e cutting e grinding 

e drilling ® grooving 
and other operations 


We invite an opportunity to discuss ap- 
plications for PoLycon GLASDRAMATICs in 
your products or manufacturing opera- 
tions. Tell us what you are interested in 
and we will send samples. Or send your 
prints for quotation. 


POLYGON PLASTIC COMPANY 


Walkerton, Indiana « Phone 169 














spot news about plastics? 
you'll find it 
in the Plastiscope’. . . every month 


Up-to-the-minute news reports and 
interpretations of what the news 
means are of tremendous impor- 
tance to those engaged in the plas- 
tics industry. For this reason every 
issue of Modern Plastics brings you 
the authoritative Plastiscope. 


In the Plastiscope you find data 
and comment on... 


new plastic products 
and materials 
materials 
supply 
the basic chemicals 
of plastics 
government rulings 
and regulations 
allocations 
and priorities 
pricing trends 
company activities 
personnel changes 
industry meetings 


. . and on similar subject matter 
having a direct bearing on the day- 
by-day operation of your business. 
This lively column is just one of 
a host of facts-on-the-line fea- 
tures appearing in Modern Plastics. 


Among other things, there is de- 
tailed coverage of production, en- 
gineering and technical develop- 
ments, data on new applications 
for plastics, and news about new 
machinery and equipment and U.S. 
plastics patents. 

This wealth of information, invalu- 
able to everyone concerned with 
plastics, costs only $7 in U.S., its 
possessions and Canada; other 
countries, $20. Enter your sub- 
scription today. We will bill you 
later. 


MODERN PLASTICS 


A BRESKIN PUBLICATION 
575 Madison Avenue New York 22, N. Y. 


* Reg. U.S. Pat. Off. 
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adhesive manufacturers.' Thesc 
fabric-supported films are com- 
posed of a laminate of two differ- 
ent adhesives. Each has its own 
special characteristics as needed 
for bonding to the facing or to the 
honeycomb core sides. The new 
films improve cell filleting action, 
increase peel and shear strength, 
reduce weight, and simplify fabri- 
cation of the finished sandwich 
construction. 
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CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE —APae- COMPANY NEWARK 29, DELAWARE 


For better printed circuits 





HIGH BOND STRENGTH—CDF'’s special adhesive for Di-Clad bonds 
the copper foil to the plastic without affecting the laminate’s su- 
perior electrical properties. Heat-resistance, dissipation factor, di- 
electric constant, dielectric strength, and insulation resistance of the 
Di-Clad base remain unaffected. The closely-bonded foil can be 





lower costs . 


HELPS YOU IMPROVE DESIGN 
HELPS YOU SIMPLIFY PURCHASING 
HELPS YOU SPEED PRODUCTION 





fewer rejects 


with a guarantee of no blistering or separating. Di-Clad can be 
punched or machined either before or after etching. 


EXCELLENT WORKABILITY—On all five Di-Clad grades, you can 
solder, punch, saw, and assemble components either by hand or 
automatically. Thanks to the inherently superior workability of 
the plastics laminate over that of ceramic-type materials, Di-Clad 
can be dropped, jammed into tight chassis, and otherwise treated 
roughly on the assembly line and in service. 


HIGH HEAT-RESISTANCE—Di-Clad Laminates are made of phenolic, 
epoxy, or Teflon* resin for various conditions of service and as- 
sembly, and have either cellulosic paper or woven glass-fiber base. 
All are ideally suited to printed-circuit applications in which heat- 
dissipation is a major problem. Continuous exposure to high am- 
bient operating temperatures in enclosed electronic equipment has 
no significant effects on Di-Clad’s electrical and physical properties. 


etched cleanly and dipped in hot solder to 450°F. for ten seconds Write for new Di-Clad folder. 





TYPICAL Di-Clad PROPERTY VALUES 
mae " Di-Clad 26 Di-Clad 28 ~ Di-Clad 28E Di-Clad 112T 
; Di-Clad 2350 (NEMA XXXP) | (NEMA XXXP) (NEMA G-10) Teflon* 

BOND STRENGTH—0.0014” foil 
(Ibs. reqd. to separate 1” width 6 to 10 6 to 10 6 to 10 8 to 12 4to8 

of foil from laminate) —__ 

MAXIMUM CONTINUOUS _ 

OPERATING TEMP. (Deg. C.) = - = | ed = 
voltage per mill for 14g” thickness) 
DIELECTRIC STRENGTH (Maximum 800 900 850 650 700 
INSULATION RESISTANCE 

(Megohms) 96 hrs. at 35°C. & 90% 500 150,000 600,000 100,000 75,000 
RH (ASTM 1257, Fig. 3) | 

DIELECTRIC CONSTANT 10° Cycles 4.5 4.0 3.6 49 2.6 
DISSIPATION FACTOR 10° Cycles 0.040 0.026 0.027 0.019 0.0015 
ARC-RESISTANCE (Seconds) 5 10 10 130 180 
TENSILE STRENGTH (psi. ) 18,000 16,000 | 12,000 48,000 23,000 
FLEXURAL STRENGTH (psi. ) 27,000 21,000 18,000 70,000 | 13,000 
IZOD IMPACT STRENGTH edgewise 

(ft. Ibs. per inch of notch) 0.80 0.45 0.42 | 12.0 | 6.0 
arr tony ulema 32,000 28,000 | 25000 | 62,000 |  — 20,000 
flatwise (psi.) | - 

| Medium-weave, Fine-weave, 
BASE MATERIAL OF LAMINATE Paper Paper Paper | medium-weight medium-weight 
glass cloth glass cloth 
COLOR OF UNCLAD LAMINATE | ‘Natural _ 4 | Natural a Natural | Natural 
All these ented sti are available with 0.0014” and 0.0028” or thicker electrolytic or rolled copper foil on 
one or both surfaces. Other metal foils and other resin-and-base combinations can be supplied on special order. 











“duPont Trademark 


Available in a wide range of s‘zes with many different backings in- 
luding glass-fiber cloth, silk, cellophone, cotton, fabric, “Mylar,” 
and paper. Micabond Tapes are hand laid; flexible sheets are both 
hand and machine laid; both retain their electrical insulating prop- 
erties at elevated temperatures. 


New ... Micabond with glass-fiber cloth backing! When you need 
mum reliability under high-temperature service, resistance to 


mechanical abuse, coupled with the maximum safety factor, specify 
Micabond glass-fiber sheets, tapes, wrappers. Composed of India 
Mica splittings, bonded with flexible resin and faced on one or 
both sides with impregnated glass-fiber cloth, these new C-D-F 
products are superior to varnished glass-fiber combinations in 
deeply imbedded “hot-spot” applications. Write for technical bulle- 
tin and samples. 


CONTINENTAL DIAMOND FIBRE 


























MOLDED AND LAMINATED PLASTICS—FOR ELECTRICAL INSULATION... 








POST-FORMING: Certain Dilecto grades (CF-1 
and XF) may be formed to special shapes by 
heating and placing in an inexpensive cold mold. 
The thermoelastic properties of these Dilecto 


LAMINATED 
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Dilecto, a laminated resin-bonded material, meets the need for a non-metallic light- 
weight insulating material that is moisture resistant, good electrically, strong and 
adaptable to all fabricating operations. Some grades have excepitonally high mechani- 
cal strength—tensile, flexural, impact; others have high dielectric strength, high in- 
sulation resistance, high arc resistance, or low loss factor. 


Dilecto is a laminated material made from a base of either cellulosic paper; heavy or 
fine weave woven cotton fabric or mat; asbestos paper, woven asbestos fabric or mat; 
woven glass fabric or mat; and is coated with a synthetic resin. 


The selection of the proper base material, the proper resin in the correct proportion, 
is C-D-F’s job, but the end user must realize how important it is that he fully under. 
stands what dividend results can be gained mechanically, and electrically, and from a 
cost standpoint, by getting the very best C-D-F material for the project. Here is a brief, 
yet complete listing of Dilecto sheet grades, each one with a combination of proven 
characteristics built into the material for the specific job. 


SHEET GRADE CLASSIFICATION (Rod and Tubing similar to sheet stock) 


laminates open many production and design X For mechanical applications when CE and LE For electrical uses requir- 
opportunities. Already widely used by the air- electrical propertics are secondary. ing P pres 4 toughness than paper- 
craft imdustry, Post-Forming Dilecto merits full P For punching (paper-based based grades. a 
investigation by every alert manufacturer. Write grades). GB For applications requiring heat resis- 
for complete C-D-F engineering service. XX _ For electrical applications requiring tance and high mechanical strength. 
; mechanical strength. oe ge in combination with phe- 
DILECTO HIGH-TEMPERATURE LAMINATE XXX_ For high humidity applications with nolic, silicone, melamine, polyester, 


Dilecto AAA-HR is a felted asbestos heat-re- 


minimum cold flow. 


epoxy, or Teflon resin. 


sistant phenolic laminate finding increasing use L For mechanical applications requir- Note: Various C-D-F grades, identified 
in rockets and missiles as well as in industrial _ ing fine machining. by numbers affixed to the grade classifica- 
applications. C For mechanical applications requit- tion, are available. Ask for catalog D- 


ing toughness plus impact strength. 55.p. 


Ee ~~ “Surstanome proremes EE 


HEAT RESISTANCE: Due to the non-flammability and high heat 
resistance of Teflon,* it easily meets both Class B and Class H, AIEE 
standards for maximum hot spot insulation temperature. Tetlon-coated 
glass fabric laminates withstand 250° C. continuously and up to 300°C. 
intermittently. One factor which influences the heat resistance of Teflon 
is that there is no apparent degradation from oxygen, which has a 
detinite degrading etfect on silicone materials. 
*DuPont Trade mark 


MOISTURE RESISTANCE: A Teflon laminate has practically zero 
water absorption and its electrical properties are little affected after 
long exposure to high humidity. Teflon is unaffected by fungus and 


DIELECTRIC STRENGTH: The dissipation factor and dielectric 
constant of Teflon laminates are both extremely low over a wide 
frequency range. From 60 to 100 megacycles. the dissipation factor 
range is between .005 and .0005, and the dielectric constant ranges from 
2.8 to 2.5 when measured in a field perpendicular to laminations. As 
corona will slightly degrade Teflon, care should be taken in designing 

arts used at voltages over 2500. Sharp corners and other contributing 
ee to corona should be avoided. 


CHEMICAL INERTNESS: Resistant to hot corrosive salts and 
most concentrated acids. Pure Teflon is unaffected by all known chemical 
agents, excepting molten alkali metals and, under special conditions, 


temperature changes. Not only has it lower moisture absorption than 
any other laminate known, but it tends to repel water . . . retaining 
high surface insulation resistance properties even under extreme hu- 
midity conditions 


fluorine and chlorine trifluoride. Glass-supported Teflon, when ex 
at cut edges, is affected only by those chemicals which attack glass. 
Otherwise, its properties remain the same. 


TEFLON TYPICAL PROPERTY VALUES COMPARED WITH OTHER GLASS-BASE LAMINATES 














Glass Sup ed | Silicone Glass | Melamine Glass | Phenolic Glass Epoxy Glass 
TEFLON Teflon Grade Supported Grade Supported Grade | Supported Grade Supported Grade 
(Unsupported) GB-122T 6B-125 GB-28M | 6B-28D GB-28E 
Dissipation Factor, 1 megacycle .0005 0.0015 0.002 | 0.014 | 0.018 | 0.019 
Dielectric Constant, dry, | megacycle 1.90 2.60 3.40 6.6 5.0 4.92 
Loss Factor, 1 megacycle .001 0.004 0.0068 0.09 0.90 0.094 
Dielectric Strength, { Short time 900 700 450 400 700 750 
Perpendicular to Laminations | Step by step 800 600 400 275 | 600 550 
(1/32” thick) VPM 
Arc Resistance, Seconds. 250* 180 255 185 5 130 
Maximum Constant Operating Temp. C°. 250 250 200 135 150 150 
Flexural Strenath | Lengthwise 13000 28000 52000 | 24000 | 70000 
exurar eng” | Crosswise 11000 24000 | 47000 20000 | 65000 
(Thousands of psi) 
Water Absorption, % 24 hours (1/16” thick) Negligible 0.05 0.20 2.0 15 0.10 





*Will not form complete conducting path. Arc continues indefinitely but material gradually erodes away on full time continuous arc. 


rT  CONTINENTAL DIAMOND FIBRE 
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... AND FOR EVERY APPLICATION IN MODERN PLASTICS FABRICATION 


FABRICATED AND FORMED 
-_ VULCANIZED FIBRE Eee cs ES Tk CL CT TL EL LULL 






good dielectric strength. It also has desirable deionizing properties and 
low heat conductivity. Fibre can be combined or surrounded with 
moisture-resistant laminated plastic. 


MANY GRADES AND FORMS. Diamond Fibre sheet and rol! grades in- 
clude Bone, Commerical, and Electrical Insulation (fish paper) NEMA 
grades. Fibre tubing is normally made only in Bone grade, with rods 
available in both Bone and Commercial grades. The chart shown out- 
lines the major characteristics of these grades. 





C-D-F Hard, stiffest grade. High density. 
BONE Resists wear, abrasion, has high compressive strength. 
FIBRE Good dielectric strength when dry. 

Super machining qualities. Not recommended for bending. 








-D-F Mechanical and electrical grade. Medium density 
COMMERCIAL | Ough, = Good mechanical properties. 
FIBRE Fair dielectric strength, normally high when dry. 
Can be bent, punched, and formed 





GOOD EXAMPLES of Diamond Fibre formed and machined by C-D-F 
Left—An insulating barrier made from three pieces of fibre, punched and 





: - Electrical insulation ‘“‘fish paper’’ grade. 

formed. Fibre tubing is even used for rivets. Right—A fibre tube which C-D-F Banensliv free fron hints oR 

has been smooth-sawed to length, punched twice and countersunk. DIAMOND Withstands extreme bending and forming without 
C-D-F can handle the entire job for you, do it faster and at low cost. INSULATION cracking . 

This includes selecting and testing the proper grade of fibre, machining High dielectric strength except under high humidity 
and inspection, assembling if needed. - ie . 











If your job is to select a or er et insulating material that is low 


cost, useful for both electrical and mechanical applications, easy to psa RESILIENT, So _~— gels tom rensennes 
machine and form, consider the advantages of a unique old-timer— the unique propertics and wide range of ©-D-F fibre grades? Vulcanize 
C-D-F’s Diamond Vulcanized Fibre ‘ Fibre is arc resistant, mechanically strong, non-corroding, half the 

: weight of aluminum. Repeated moistening and drying in forming in- 
WHAT IS FIBRE? Vulcanized fibre is made by combining layers of chemi- significantly alters the nature, structure or quality of the fibre. 


cally jelled paper. The chemical a used in gelling the — is 
c 


subsequently removed by leaching and the resulting product, after being A BIG, RELIABLE SOURCE. C-D-F does business with the largest 
dried and finished by calendering, is a dense materia ——— regen- tonnage users of sheet, rod and tube fibre in the world. This means good 
erated cellulose in which the fibrous structure is retained in varying de- deliveries, good prices, reliable products for every new customer. You 
grees, depending upon the grade of fibre NEMA Standard VU 1-1.1 deal with a materials engineer, a C-D-F man who knows how to give 


you the most value in Diamond Vulcanized Fibre. If you want to 
GOOD ELECTRICALLY. Although given a modest insulation rating for re- improve design, simplify purchasing, speed production, use Diamond 
sistance to heat (A.I.E.E. Class A with a temperature limit of 221° F.), Fibre and the facilities of C-D-F. Write for new Diamond Fibre catalog 
Diamond Fibre is often used because of its excellent arc resistance and DVF-55, free test samples, or send us your print for quotation. 


MECHANICAL PROPERTIES OF DIAMOND VULCANIZED FIBRE 











Sheet thickness, tube SHEETS TUBES RODS 
Property wall or rod diameter Bone Commercial | Bone Commercial 
cw ; LW cw ; LW 
Up to 4” 6500 | 8500 6000 | 8000 6500 | 8500 8000 
Tensile Strength Over % to 4 6000 | 8000 5500 7500 6500 8000 7500 
ver 4 a Co mabe 5000 7000 6500 paed 7000 
Flexural Strength Up to 14" 13,000 | 15,000 12,000 | 14,000 15,000 14,000 
Over 4% et innh 11,000 | 13,000 Pate 13,000 
Compressive & Up to 4” 10,000 
Axial Strengths Over % to ¥& 9000 
All thicknesses or diameters | 30,000 20,000 8000 6,000 





























NOTE—* Tensile strength only. 






RESIN-IMPREGNATED FIBRE 
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Only C-D-F supplies Vulcoid in sheets, tubes, rods, and fabricated USES 
parts. Made from Diamond Vulcanized Fibre that has been uniformly 
impregnated with a special resin, Vulcoid is a material approved and 


(requiring arc resistance and mechanical strength )—contact 
and connector panels, knife switch arms and guides, arc deflector 
spacer bushings; (requiring dielectric strength and moisture resistance) 





identified by the Underwriters’ Laboratories as Class A Insulation electrical fixture insulation, wiring devices, plugs, receptacles; 
Natural greenish-tan in color, it is economical, easy to machine and requiring moisture and arc resistance )—motor and transformer lead 
pur Property-wise, Vulcoid is an intermediate grade between bushings and terminal blocks. Write for folder V-55, and test samples 
Cor 


nerical Fibre and XX phenolic Dilecto. 


CONTINENTAL DIAMOND FIBRE 








PLASTICS FOR EVERY PURPOSE FROM ONE BIG SOURCE 


THREE HIGH-HEAT TAPES 
— FLEXIBLE ine iele- Vale). ee eee eee eee ee ee se ee 


C-D-F SILICONE TAPES for AIEE Class H Electrical Insulation. Available 
in varnished glass-fiber cloth and silicone rubber-coated glass-fiber cloth, 
Resistant to high temperatures. High dielectric strength. Write for Technical 
Bulletins #47 and #52 and new Flexible Insulation catalog. 

C-D-F TAPES OF TEFLON® withstand 500°F. Practically zero water ab. 
sorption. Sold in 100% Teflon film or Teflon glass-fabric-supported. Used 
for wrapping field coils, wrapping cables subject to abrasion of undercar 
blast. Write for Folder and samples. New cementable tapes of Teflon (see 
previous page for details) make the use of flexible insulations of Teflon 
even easier. 

C-D-F MICABOND TAPES are used for insulating motor and generator armature 
and field coils. Flexible. Wide range of sizes and backings. Write for new Mica- 
bond Catalog. Call the C-D-F sales engineer listed below—he's a good man 
to know! *Du Pont trademark 


MOLDED INDUSTRIAL PLASTICS 
TT CELORON BERET re a 
SHEETS 
From laminated stock, fabric-based phenolic-impregnated Celoron can be furnished in 
sheets, cut pieces, blanks and rings machined from sheet stock. For gear applications 


‘idler and spur gears, and cams), it is normally identified by two black lines. See 
Dilecto C grades for mechanical applications requiring toughness plus impact strength. 
MOLDED 

Celoron can be molded to close tolerances for both mechanical and electrical applica- 
tions. Rugged, dimensionally stable, readily machined, Celoron is a dependable 
material; remember C-D-F has both the men and equipment to handle ‘“‘big run” 
molding requirements. 

Colors: Golden mottled brown or black. 





Celoron of laminated or molded-macerated cotton fabric- 
base construction is used extensively for industrial and 
automotive timing gears. Celoron molded-macerated 
cotton fabric or paper is used for many mechanical and 
structural electrical applications. Celoron is unaffected 
by rapid temperature changes, may be used continuously 
at 225 to 250°F. It has high impact strength, excellent 
tesistance to heat, oil and water, many chemicals. Both 
laminated or molded Celoron is easily machined. 


GEARS 

These gears, pulleys 
and discs are all Celoron 
which finds wide usage 
in textile and printing 
machinery. Build silence 
into your product with 
Celoron gears. Write 
for Celoron catalog with 
horsepower ratings. 


INSULATION 
This diesel contact con- 
troller drum assembly 
uses two C-D-F products: 
Celoron drum _ body, 
drilled and broached, 
Diamond Vulcanized 
Fibre between fingers of 
the brass contact plate. 








BALTIMORE 14, MD. NOrthfield 5-0964 
VErnon 35713 
GRanite 2-2150 


UFFALO 3, N. 
495 Sim Square Building 
CHICAGO 11, ILL. DElaware 7-6266 
1201 Palmolive Buliding 
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SALES OFFICES 
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2103 Mimosa Drive 
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Canadian Cepeoees 
CONTINENTAL-D aMoND Fisre 
of CANADA. LTD. 

46 Hollinger Rd., 


MILWAUKEE 19, WIS. Lincoln 1-7660 
6108 W. Lincoln Ave. 


EXPORT DEPARTMENT: BRIDGEPORT PENNSYLVANIA, U.S. A. 


SPARTANBU e's 
834 Hayne Street “GPartanbere 3-6397 


Toronto 16, Ontarlo, Can. 
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ULTRACAL* and HYDROCAL* Gypsum Cements 
are formulated to give accurate dimensional con- 
trol and setting times as required; perfect for 
long-lasting precision vacuum-forming molds. 
These gypsum cements are ideally suited for 
patterns and molds to fabricate tools of 
EPOXICAL* Epoxy Resins. 


USG® Metal Casting Plasters are manufactured 
specifically for casting aluminum and Kirksite 
production molds. Precise castings made in these 
plasters are much smoother than sand-cast 
molds—require virtually no machining. 


UNITED STATES GYPSUM 


Pioneering in Ideas for Industry 


AL and HYDROCAL are trademarks Reg. U.S. Pat. Off. for sup 
by U.S. Gypsum Co. EPOXICAL is a trademark for epoxy resins 








For faster, more economical tool and 
pattern production, use U.S.G.’s 
specifically formulated materials 


Now, from one source—United States Gypsum—you can 
get a complete line of gypsum cements and tooling plastics 
for fast, low-cost mold and pattern production. 

Depend on these industry-proven materials for accuracy, 
strength and durability. Their uniform quality and easy 
workability make them readily adaptable to both job shop 
and production requirements. 

Contact your U.S.G. representative today; he’ll help you 
choose—out of the wide range available—the material that’s 
best suited to your mold, pattern or other tooling operations. 


United States Gypsum 
Dept. MPE-81, 300 W. Adams St. 
Chicago 6, Illinois 


Please send me the informative bulletins checked below: 


1) HYDROCAL-ULTRACAL Gypsum Cements 
-] EPOXICAL Plastic Tooling Resins 
(1) USG Metal Casting Plasters 


Name —_— — 

—— 

Address—_____ 

City——_____________ State 
a 


manufactured 




















IBM » “a 
Control 
Panel 


made from 
Richardson T-889 Laminate 


This control panel, the heart of the IBM 528 Accumulating 
Reproducer, is made from Richardson INSUROK Grade 
T-889, a fine weave, fabric based phenolic. It has physical, 
electrical, and mechanical properties which far surpass mini- 
mum test requirements. 

I:xcellent dimensional stability is proved by the absence of 
distortion after multiple drilling of 748 holes, .156” in diam- 
eter with tolerances of plus .003” and minus .000”, and a severe 
milling operation on the back side to provide .094” deep 
slots. Metal inserts in the holes provide electrical contacts. 

T-889 is hard and rigid with exceptional machining qual- 
ities. It is available in sheets \¢;” to 7” thick, natural or black, 

ae a with matte or highly polished finish. 
a eae Because of rigid production and quality control, Richardson 
ee is a certified vendor of laminates to IBM. 

Write today to Dept. 29 for more information or phone 
Chicago, MAnsfield 6-8900. 





RICHARDSON 
PLASTICS 


LAMINATED and MOLDED «=» the RICHARDSON COMPANY 


2747 LAKE STREET * MELROSE PARK, ILLINOIS 











Silicones 
Phenolics 

Epoxies 

Reflective coatings 


Swedlow specializes in pte tras lepehs sree: materia 


Molded parts 


The solution to your heat problem is in the following... 


Swedlow's 
aluminum-metallized 
heat reflective laminates 


MINIMUM WEIGHT « MINIMUM BULK — By combining the 
principles of highly efficient reflectivity of aluminum-metallized 
surfaces with the low thermal conductivity of glass fabric reinforced 
plastic laminates, Swedlow's ““— 101" metallized coatings offer 
protection up to 1650° F. The metallic coating protects the base 
laminate from thermal degradation. 

APPLICATIONS — In flat sheets, or molded into complex contours, 
these materials are suggested as highly efficient heat blankets for 
compartment insulation, valve protection, exhaust heat damping, 
and other applrcations where there is prolonged high 
temperature expqsure. 


Swedlow's silicone 
plastic laminates 


™a, 
&. 650: 
Swedlow's X5SG-138 and X5G-176 silicone base materials are avail 
able as flat sheeting or molded parts and offer protection up to 650°F 


Swedlow's X5SG-138 provides maximum strength per unit of 
thickness and weight and is recommended for applications requiring 
flat sheets or simple contoured molded parts 

The X5G-176 laminate has slightly lower physical properties than 
X5G-138 but is recommended for applications requiring 

complex contours 

APPLICATIONS — Missile nose cones, exit cones, fins, stabilizers, 
adapter rings, closure rings, and similar uses. Applications in 
airstreams at missile speeds are possible. 


For short duration of time the temperatures given for the 
above materials may be raised appreciably. Each application 
must be considered individually. 


Swediow is continuing research in high-temperature materials 
of all types reflective coatings, ceramics, plastics, metals. 
A highly trained staff of engineers and technicians will be 
pleased to assist you on the use of these materiais for high 
temperature service. Please contact the plant nearest you. 


Swedliow's high temperature 
phenolic plastic laminates 


600; 


STABLE PHYSICAL PROPERTIES UNDER HIGH TEMPERATURES — 
Swedlow's X4G-116 is a high-temperature phenolic laminate that 
offers unusual physical stability at high temperatures up to 600°F 

It is available in flat sheets, and can be molded to complex contours 


APPLICATIONS—Fins, stabilizers, missile nose cones, adapter rings, 
closure rings, and similar applications. May be used in airstreams 
at missile speeds. 


Swedlow’'s epoxy- 
plastic laminate 


450; 


Swedlow'’s X6G-141 epoxy-plastic laminate gives the user an 
electrical insulating material resistant to fracture and warpage in 
installation, with characteristics of very low moisture absorption and 
high physical strengths over a prolonged temperature gradient 
Approved under MIL-P-18177. Conforms to NEMA standards for 
type G-3 materials. 

APPLICATIONS~— Air conditioning and heat distribution ducts 
Winding barriers and ducting in transformers. Sheeting for circuitry 
installations. Dielectric capacitors for condensers. Terminal board 
and strip applications in electronic equipment. Coil spacers and 
relay bases in magnetic devices. Mounting plates, contact spacers and 
shielding for control devices. 





Swedlon | 


F 





Los Angeles, California 
Youngstown, Ohio 
Please refer to Dept. 1¢ 


heat 
problems”? 





PROBLEM: 


extremes of temperature 


sowurion: RIM PYROTEX REINFORCED 


Insulator cap, blast tube and grain seat for modern rocket 


When you are designing to meet the fantastic requirements of modern 
missiles and rockets with their tremendous forces and astounding 
temperatures, your problems are difficult ones. But you have an 
excellent solution: R/M Pyrotex—a complete line of asbestos-base 
reinforced plastic materials. 

The Pyrotex products shown here demonstrate what these important 
new R/M materials can do for you. They provide exceptionally high 
strength-to-weight ratios, take a smooth finish, and can be mass pro- 
duced to precision standards. Other missile parts for which R/M 
Pyrotex has been selected: rocket exhaust throats, nose and exhaust 
cones, fins, combustion chamber liners, and high speed turbine 
wheels. It will pay you to get more details on R/M Pyrotex. 


FACTORIES 
Peterborough, Ontario, Canada 





Manheim, Pa.; Bridgeport, Conn.; Paramount, Calif.; 


Provide insulation against fantastic 


PLASTICS 


THE COMPLETE LINE OF R/M REINFORCED PLASTICS 


e Heat and flame resistance up to 
10,000°F of more 


e Chemical and water resistance 
e Relatively isotropic 


e High modulus of elasticity from low 
to high temperatures (6 x 10® psi) 


e High strength from low to high 
temperatures (60,000 psi) 


If your design demands all of the following features, find out more 
about R/M Pyrotex (felts, mats, papers and molding compounds): 


e Improved surface of end items 


Exceptionally good dimensional 
stability 


Little or no surface crazing 


Good insulation and thermal 
properties 


Low cost 
High strength-to-weight ratio 


For further information, write for technical bulletin 


RAYBESTOS-MANHATTAN, INC. 


REINFORCED PLASTICS DEPARTMENT, Manheim, Pa. 


No. Charleston, S.C.; Passaic, W.J.; 


Neenah, Wis.; Crawfordsville, ind.; 


RAYBESTOS-MANHATTAN, INC. Asbestos Textiles « Laundry Pads and Covers « Engineered Plastics « Mechanical Packings e Sintered Metal Products ¢ Industrial Rubber 
Rubber Covered Equipment « Brake Linings « Brake Blocks « Abrasive and Diamond Wheels e Clutch Facings « Industrial Adhesives e Bowling Balls 
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100 Years of Experience 
in Papermaking Go Into As this publication is issued, 
; we are observing the one hun- 
Every Sheet of WRENN 5. 4 dredth anniversary of the estab- 
SATU RATING dak lishment of our company. 
fi Very early in our history we 
« tl turned to specialization in the 


absorbent paper field. This long 
experience, coupled with our ex- 
cellent manufacturing facilities, 
strategic location and reputation 
for making the finest quality of 
absorbent paper, led us naturally 


into another field. 


Today, the entire facilities of 
WRENN PAPER our mill are devoted to the mak- 
‘ae,’ PANY ing of saturating paper for the 
laminated plastics industry and 

related absorbent specialties. 
Inquiries are invited, and sam- 


P ples of Wrenn’s Saturating Pa- 





pers, for both decorative and in- 
dustrial applications, will gladly 


be submitted on request. 


THE WRENN PAPER COMPANY 
MIDDLETOWN, OHIO 
* 
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Before production starts, the color and composition 
of every run of saturating paper are checked 
by actually laminating samples on special press 
equipment in our quality control laboratory. 
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How to test for 


ADVERTISING IMPACT in 
the plastics field........... 


. chemicals, materials, machines, or equipment...that the fast-growing plastics 
industry can use, now is the time to establish your company firmly in the plastics market, 


In 1956 material production passed the four billion-pound level . 


. and the outlook is for 


continued expansion. The place to start your sales program is in MODERN PLASTICS, the 
one plastics magazine that stands up to this 3-way check for maximum advertising impact: 


CHECK THE CIRCULATION: 
29,000 distribution of MODERN 
PLASTICS includes the largest paid cir- 
culation covering the two basic areas 
of the plastics market. These are: 


1. the plastics industry itself— 
(a) the processors who mold, extrude 
or otherwise fabricate plastics mate- 
rials into products and parts; (b) the 
plastics materials suppliers. 


2. the “end users” of plastics in 
many different industries—who in- 
corporate plastics components in the 
products they make. (Soon as their 
volume is big enough, they often set 


GROWING ALL-PAID CIRCULATION 
1934. 





MODERN PLASTICS ENCYCLOPEDIA ISSUE 


12 months of effective selling...with a single ad 


This is the standard ‘‘how-to-do-it” reference work of the plastics 

field, published once a year (in September). It is packed with 

vital information. ..used the year ‘round...includes a 110-page 

Buyers’ Directory, Plastics Properties Charts, a report oncurrent 
developments in plastics materials, operat- 
ing procedures, engineering and methods, 
and technical data 


IT SELLS! A comprehensive personal- 
interview study shows the average reader 
refers to it 40 times a year. Seven out of 
ten say they bought products as a direct 
result of using the Encyclopedia. 


Annual closing date: June 20th. 


up “captive” plastics plants, or buy 
out existing plants and incorporate 
them into their own operations.) 


Because MODERN PLASTICS plays a 
major role in the field’s continuing 
growth, because it is constantly in the 
vanguardof new product explorations, 
it is today the recognized voice of 
these plastics converters and users. As 
a result, it’s literally “the” plastics 
magazine, with a record-high, all-paid 
circulation that has matched the 
market’s growth stride for stride 
since the industry’s infancy. 


CHECK THE EDITORIAL 


INFLUENCE: Mopern Ptastics is the 
overwhelming choice of executives 
with buying authority. For example, 
a Starch survey* made at the 1954 
National Plastics Exposition showed 
that MODERN PLASTICS gives these 
men more help than all other maga- 
zines in the field combined! 


The editorial aim of MODERN PLASTICS 
is to increase the use of plastics ma- 
terials throughout industry . .. wher- 
ever they fit the job. It serves all 
facets of the field . . . the makers of 
plastics, the processors and the man- 
ufacturers who use plastics in volume, 
in products of all kinds. 


Almost two-thirds of its actual paging 
is devoted to stories of new trends, 
new applications, new areas of ex- 
pansion. The rest is almost equally 
divided between plastics engineering 
and production methods . . . and the 
technical problems of plastics chem- 
istry and testing. 


CHECK THE ADVERTISING: More 


advertisers spend more money and 
use more space in MODERN PLASTICS 
than in all the other plastics maga- 
zines, What do they sell? All this: 


Chemicals and Materials —adhe- 
sives, synthetic resins, plasticizers, 
coatings, emulsions, colorants, ex- 
tenders, fillers, laminates, saturating 
papers, stabilizers, solvents, wetting 
agents. 


Machinery—hydraulic systems, 
molding presses, accumulators, gran- 
ulators, calendars, heat sealers, pol- 
ishers, slitters, mills, mixers, motors, 
hobbing presses, embossers, pyro- 
meters, scales, timers, cutting tools, 
drills, duplicators, lathes. 


Services—industrial designing, mold- 
ing, fabricating, laminating, emboss- 
ing, hobbing, deep drawing, decorat- 
ing, postforming, mold making, ex- 
tending. 


Every test will tell you-MODERN PLASTICS has what it takes to help you 


develop orders for anything you're selling to the plastics field. . 


A BRESKIN 
PUBLICATION 


. whether it's 
or supplies, machinery or services! 


*Write for the full report of the Starch 
survey and for 40-page market data file. 


MODERN 
PLASTICS 


575 Madison Ave. 
New York 22, N. Y. 





@ MELAMINE IMPREGNATED PAPERS 
in a wide variety of patterns, wood grains, solid 
colors, and translucent overlay grades for durable 
decorative laminates. Available in rolls slit to 
width, sheeted, or die-cut to any shape required. 


@ PHENOLIC IMPREGNATED PAPERS 
for producing N.E.M.A. industrial grade laminates 
and molded parts for a wide range of electrical, 
mechanical, and structural applications. Precisely 
controlled processing assures uniformity of quality. 


@ PHENOLIC IMPREGNATED FABRICS 
such as cotton duck, cloth, and sheeting for high or 
low pressure molding. Available in grades to meet 
N.E.M.A. standards. Also used in producing gears, 
bearings, filters, helmets, and many other products. 


HAIG) 


@ PHENOLIC IMPREGNATED GLASS CLOTH 
produced in special grades for fabrication of fly 
rods, aircraft and guided missile parts, plus many 
other products requiring a strong, light, durable 
material highly resistont to heat and corrosion. 


@ POLYESTER IMPREGNATED MATERIALS 
such as glass fabric and mat for low pressure mold- 
ing of aircraft parts, tools, and other applications 
where high strength, light weight, ease of forming, 
and dimensional stability are essential properties. 


@ SILICONE IMPREGNATED GLASS CLOTH 
in grades having excellent dielectric strength and 
resistance to distortion at high temperatures, plus 
other properties required for applications such as 
rador equipment, printed circuits, motors, etc. 


@ EPOXY IMPREGNATED MATERIALS Whenever you need plastic impregnated and coated materials, 
custom treated to meet the highly specialized 


, you'll do well always to think of Fabricon first! For regardless 
requirements of many cleciicel end clocivenic of what your requirements may be, you'll find that Fabricon has 
devices used for an tins number of what it takes to deliver the quality and service that you've 
a been looking for. Years of experience with all types of thermo- 

setting resins and fillers. Complete engineering and laboratory 
facilities for developing new products and processes. Special 
production equipment designed for precisely controlled, contin- 
vous, economiéal operation. Facilities, too, for slitting material 
to width, sheeting, or die-cutting to any shape required. 


Want detailed information on the Fabricon Plastic impregnated 
Material that's right for your particular product? Just outline the 
nature of your application and send it in today! 


FABRICON PRODUCTS 





One of several giant impregnating ovens having 


roll capacities up to 90” in width. All are de- A Division of The EAGLE-PICHER Company 


signed for continuous quality controlled operation. 





1721 W. Pleasant Street e River Rouge 18, Michigan 





NOW... 


world-wide service! 


91-LD POLY-PREG: The ultimate in high-tem- 
perature phenolics, suitable for modern rocket and 
missile applications. 

37-9X POLY-PREG: An _ ultra-high-temperature 
resin that has no peer in its field, especially adapt- 
able to the most critical rocket and missile uses. 
POLY-PREG T.1.O: Silicone Modified Rubber in 
combination with most Poly-Pregs to provide a single 
integrated product for easy fabrication. Poly-Preg 
Two-In-One provides weather and abrasion-resistant 
surfaces, reduced permeability to gasses and liquids 
and smooth, polished surfaces. 

MELAMINE POLY-PREG: Melamine impregnated 
papers for decorative laminates; melamine glass 
cloth and mat for electrical sheets, rods and tubes. 


SILICONE POLY-PREG: Silicone impregnated 
glass cloth-for low and high pressure laminates for 
use in the electrical and aircraft industries. 

EPOXY POLY-PREG: A wide range of epoxy im- 
pregnated glass cloth and glass mat for the electrical 
and aircraft industries. 

POLYESTER POLY-PREG: Polyester impregnated 
glass cloth and mat for aircraft and other industries. 


PHENOLIC POLY-PREG: High temperature phe- 


nolic resin impregnated glass cloth and glass mat. 


For specific recommendations concerning ma- 
terials and material specifications, engineering 
assistance on any individual application is avail- 
able upon request. Merely write: Engineering 
Department, U. S. Polymeric Chemicals, Inc., 
Stamford, Conn. 
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U.S. POLYMERIC CHEMICALS, INC. 


STAMFORD, CONNECTICUT * SANTA ANA, CALIFORNIA 
POLYMERIC N.V. UTRECHT THE NETHERLANDS 


For samples and full details coNTACT 


; Hi rsch SONS, INC. 


Industrial Fabrics Division , 119 W. 40 St., N. Y. 18, N. Y. 
CREATIVE MANUFACTURERS SINCE 1888 
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IS THE FIRST CHOICE 
high pressure decorative laminate 








Fabricated in one of America’s newest and most modern plants 
Every operation skilfully controlled to produce the very finest 
laminates. Available in Four Basic Types 

DECARLITE —The modern decorative plastic sheet lami- 
nate for surfacing dinettes, counters, bars, sink tops, furni- 
ture, school desks—wherever a durable, decorative surface 
is required. In many decorative designs and colors, including 
exclusive new wood-grains. Available in GLOSS or DULL 
RUBBED finish. 

DECAFORM —Decorative DECARLITE in postforming 
grade. Can be formed to inside, or outside, contours by ap- 
plication of heat and forming pressure. 

DECAFLEX —Decorative DECARLITE in a low caliper, 
formable grade for applications where bending at room 
temperature is required. 


Ma de SUPER-DECABOARD—Decorative surfaced hardboard for 
applications requiring a rigid type panel such as occasional 
by furniture, headboards, display panels, etc. 


DECAR / PLASTIC CORPORATION 


Manufacturing 


1322 University Ave., 
Middleton, Wisconsin 














l| 1212 N. Central Park Ave., 
Chicago 51, Illinois 











MAT XO NW Aa AX, ...AN OvTSTANDING SOURCE FOR BASIC MATERIALS 


Over 100 grades — Fabricating Specialists — Technical Services — Stock Plan 
FABRICATED PARTS 


SHEETS - RODS - TUBES - ROLLS - COILS 





Among engineering 
materials Vulcanized 
Fibre is outstanding 
in its application 


NATIONAL 


Ale or. S. 8 & Se?) 
versatility. One of 


FIBRE 
industry’s toughest 


Tough materials, it 
Light-weight weighs less than 


EASILY FABRICATED 
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Wear Resistant half as much 

Good Dielectric Strength as aluminum. It is 
Impact Resistant easily formed, deep 
Arc Resistant drawn, machined, 
polished, painted, 
embossed, or 
combined with 
other materials. 


Heat Resistant 
Track Resistant 
Durable 
Machinable 





A thermoplastic material 
with excellent 
mechanical properties. 
A good electrical 
insulator, it is 
characterized by its 
toughness, durability 
and low coefficient 

of friction. Available as 
extruded strip, rod, 
tubing, special shapes or 
fabricated parts, 
National Nylon 
possesses .. . 


A plastic laminated into primary 
forms—sheets, rods, tubes under 
heat and high pressure. 

A wide variety of base 
materials—paper, canvas, cotton 
fabric, asbestos, glass cloth, 
glass mat, and nylon cloth— 
are impregnated with resin 
binders— phenolic, silicone, 
polyester, melamine, and epoxy 
—providing a broad range of 
grades with an unlimited 
application base. 

Available as copper clad and 
in combination with vulcanized 
fibre, rubber and other materials. 


: PHENOUITE 


Laminated PLASTIC 


Dielectric Strength 
Structural Strength 
Dimensional Stability 
Machinability 

Heat Resistance 
Moisture Resistance 
Chemical Resistance 
Wear Resistance 
Flame Resistance 





FLAME RETARDANT 
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LIGHT — DURABLE 
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Wear Resistance 
Resiliency 

Mechanical Strength 
Machinability 

Low coefficient of friction 
Good electrical properties 
Impact Resistance 
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Write for these illustrated catalogs ¢ Basic Materials Catalog 


e Fabricated Parts Booklet « Copper Clad Phenolite Brochure 


National Nylon Brochure 


z NATIONAL vwoutcanizevD FisReE co. 


Department Ii, Wilmington 99, Delaware 
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Structural uses for 


AILRCOMB: 
are multiplying 


Faced with glass 
laminates or plastics, 
AIRCOMB honeycomb 
material provides the 
desirable combination 
of high strength, 

light weight, good 
insulation, resistance 


to corrosion and IN PLEASURE BOATS—I*aced with glass laminates, 


Aircomb provides an unexcelled combination of 
rigidity and light weight for foredecks, hull 
bottoms and seats. Its freedom from mainte 
nance problems and great resistance to shock 
are added advantages 


virtual elimination 
of maintenance 


IN SEA CABINS—Cutting down weight above 
deck is helped by development of glass-lami- 
nate faced Aircomb sea cabins and other topside 
structures for Naval vessels. Designed to re- 
place much heavier steel cabins, they have 
equal utility and superior corrosion resistance 


IN LAVATORY PAQTITIONS —Faced with glass- 
laminate ct decorative phenolic materials, Air- 
comb partitions resist both acid and corrosion 
They el:minate the maintenance problems 
caused hy corroding steel panels or chipping 
and rusting porcelain-enamel steel panels 
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AIRCOMB 


a product op DOUGLAS AIRCRAFT COMPANY, INC. 
3000 Ocean Park Boulevard, Santa Monica, California 


IN MODERN BUILDINGS—Aircom) is a primary 

tructural element in the remarkable ‘‘Mon 
anto House of the Future,”” in Disneyland 
California. Its strength, rigidity and outstand 
ing insulation properties make it ideal for use in 
ceilings, floors, partitions and sliding doors 


IN WORKING BOATS — Many U.S. Navy whale 
boats employ Aircomb faced with glass lami- 
nates for flat surfaces and bulkheads. Both 
strength and rigidity are retained with a con 
siderable saving in weight. The elimination of 
dry rot and rust are added advantages 


IN AIRCRAFT—Rigidity and light weight make 
Aircomb extremely desirable for aircraft tables, 
partitions, shelves and cabinets. On exterior 
applications (access doors), faced with glass 
laminates, it provides aerodynamically clean 
surfaces and eliminates need for stiffeners 


IN AIRCRAFT TOOLING —Glass-laminate faced 
Aircomb is less affected dimensionally by mois- 
ture or temperature changes than any other 
material. As a pattern, it can transfer precise 
contours from master to die. Used for jigs, it 
can hold extremely close tolerances 

















MORART GRAVURE 


CORPORATION 


INCORPORATED 1927 
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Resin SImpregnated 
Faprers 


Ho lyoke, Massachusells 
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ACCELERATED 
AGING 
INSTRUMENT 


POWER ACTUATED 
BURSTING STRENGTH 
INSTRUMENT 


Yinest 
SATURATING PAPERS 


through 
Engineering 
Science 


From basic raw materials to the finished sheet of saturating paper, 
the guiding hands of Hurlbut paper engineers, laboratory technicians 
and skilled paper craftsmen are ever alert to manufacture the finest 
quality ever produced. 


Results of HURLBUT’S 
Engineering Teamwork include: 


1 FOR MELAMINE RESIN DECORATIVE LAMINATES: 
Papers engineered to required porosity, absorbency, print- 


ability, resin capacity, cleanliness and hiding power or transparency. 


2 FOR DECORATIVE LAMINATES MADE WITH 
POLYESTER OR KINDRED RESINS: 


Engineering takes into account characteristics common to 
papers for melamine, plus the unique and additional problems of 
resistance to catalysts and resistance to solvent bleed. 


3 FOR INDUSTRIAL LAMINATES: 
Careful choice of fibers, careful choice of additives, or 
perhaps careful lack of additives. 


4 FOR NEW PRODUCTS AND NEW IMPOSSIBLES: 


The willingness and ability to understand and the capa- 
bility of doing something about it. 


Regardless of the end use of the laminate you are making, the pro- 
per use of Hurlbut engineered base papers will insure outstanding 
quality. 

WRITE US ABOUT YOUR SPECIFIC REQUIREMENTS 


HURLBUT 


PAPER COMPANY 


SOUTH LEE, MASSACHUSETTS 





Materially advanced design... 
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Jensen 541 series ‘R' (Jensen Motors Ltd., Staffs) with reinforced plastic body incorporating Deeglas Chopped Strand Mat 


GLASS YARNS & DEESIDE FABRICS LIMITED 
Kingsway Chambers : 44-46 Kingsway, London, W.C.2, England Telephone: CHAncery 7343 & 8257 








Reliable 
Engineering 





Quality 
Control 











Mass 
Production 
Capacity 


THIS 
SYMBOL IS 
YOUR ASSURANCE 
OF QUALITY 
FIBER GLASS 
REINFORCED 
PLASTICS 








Properly-made fiber glass products have 
unusual strength, light-weight, dielectric 
strength and high corrosion, heat and 
weather resistance. All this plus molded-in 
color, and such optional characteristics as 
translucency, flexibility and texture. 


Fiber glass moldings can often reduce 
manufacturing costs by replacing a cast 
or fabricated part. “Fiber glass,” with 
its magic appeal, can enhance the 
appearance of your product through 
freedom of design. 


Since 1948, Structurlite has been helping 
scores of customers capitalize on the 
advantages of fiber glass molding in a 
wide range of products from safety hats 
to school furniture. 


Our experience covers all types of resin 
and fiber applications. We can meet 
virtually any production requirement, 
and have facilities for finishing, 
assembling and packaging. 


Throughout, quality is emphasized time and 
again—from selection of the best 
resins and fibers, to insistence upon 
careful workmanship, and a rigid 
quality control system. 


A versatile battery of presses up to 
500 ton capacity, automatic preforming 
machines, other equipment and methods 
have been designed to maintain the 
high standards of quality at the lowest 
possible costs. 


We invite an opportunity to discuss with 
you the application of fiber glass 
in your product or manufacturing 
operation. Write for illustrated brochure 
on significant fiber glass applications, 
pioneered by Structurlite. 
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STRUCTURLITE 
PLASTICS CORPORATION 
123 Newark Road . Hebron, Ohio 


The factory of EXPERIENCE in light weight structural plastic products 


565 





I he accepted definition of plastics is: 


“a large 
and varied group of materials which consist of, or 
contain as an essential ingredient, a substance of 
high molecular weight which, while solid in the 


finished state, at some stage in its manufacture is 
soft enough to be formed into various shapes, most 
usually through the application, either singly or 
together, of heat and pressure.” 

Most plastics, with the exception of the cellu- 
losics, which are chemically modified natural high 
polymers made from cotton, are produced by the 
synthesis from such natural resources as water, 
From these are 
derived the various chemicals and gases which are 
combined to produce the plastics materials. As an 
example, the raw materials for making polysty- 
rene, one of the most important of the plastics, are 
coal and petroleum or natural gas. By a process 
of distillation, benzene is extracted from the coal; 
from the petroleum or natural gas is taken the gas 
ethylene. These two materials are then linked to 
form ethyl benzene which is dehydrogenated to 
styrene. With the aid of catalysts, heat, and pres- 
sure, thousands of styrene molecules polymerize, 
or link together, to form long chain-like molecules 
that clump into small granules of crude poly- 


air, coal, salt, natural gas, etc 


styrene. These grains are hot-worked and cut into 
small pellets called molding powder, the most com- 
mon form in which plastics are supplied. 

Because of the many source materials which 
the chemist has at his command, and because so 
many different combinations are possible, the 
family of plastics today encompasses a large— 
and still growing—number of members, all of 
which differ in properties and characteristics. If, 
for example, the ethylene gas used in producing 
polystyrene were combined with chlorine (from 
salt) and then polymerized, the result would be 
polyvinyl chloride—a very different plastic. 

Major Subdivisions 

Many combinations and many different materials 
are thus possible. Therefore, for purposes of sim- 
plification, most plastics can be classified under 
one of the 14 recognized basic family groups. 
These groups, in turn, can be generally further 
classified under one of two major subdivisions 
thermosetting or thermoplastics. A few plastics are 
in-between—they can be formulated either to be 
thermosetting or to be thermoplastic. 

The thermosets, as the term implies, set o1 


harden (cure) under heat into a permanent shape. 


An irreversible chemical reaction called cross- 








OF PLASTICS 





linking occurs; this reaction links the resin chains 
so that the molded piece is essentially one giant, 
three-dimensional molecule. Subsequent heating, 
though it may soften the structure somewhat, can- 
not restore the flowability that typifies the uncured 
resin. In this classification are such basic family 
groups as the aminos (melamine and urea), most 
polyesters, alkyds, epoxies, and phenolics. 

The thermoplastics, on the other hand, soften 
when heat is applied and harden upon cooling. 
By alternate heating and cooling, they can be re- 
shaped again and again (just as a cake of ice melts 
in the sun and the resulting water can be solidified 
into a different shape by freezing). Thermoplastics 
include styrene polymers and copolymers, acrylics, 
cellulosics, polyethylenes, vinyls, nylons, and 
fluorocarbons. 

Alloying of plastics yields new types of materials 
with intermediate physical and chemical proper- 
ties. Similarly, plastics can be combined with 
other materials to create a new end-product hav- 
ing the advantages of both. Important examples 
are the blends of styrene-acrylonitrile or styrene- 
butadiene resins and rubbers which exhibit the 
hardness and high heat resistance of the resin and 
the toughness and low brittle point of the rubber. 
By copolymerizing (polymerizing together) two 
monomers, products similar to the alloyed poly- 
mers can be obtained, often at less expense. 


Types of Plastics 

A brief summary of the various types of plastics 
materials available, their properties and applica- 
tions, may help to give the layman some idea of 
the versatility which plastics have to offer and the 
extent to which they have already penetrated our 
daily lives. 

AMINOS (Urea and melamine): Urea formalde- 
hyde resin is derived from the reaction of urea 
(carbamide) with formaldehyde or its polymers. 
Consumers are probably most familiar with the 
cosmetic containers, buttons, and electric mixer 
housings molded of urea to take advantage of the 
material’s solvent-, oil-, and grease-resistance, 
surface hardness, mar-resistance, color potential, 
and good electric insulating qualities. Less familiar 
is the use of urea in liquid form in adhesives for 
plywood and lumber core gluing and laminating, 
in textile and paper treating resins, and in surface 
coatings that provide marproof finishes. Melamine 
formaldehyde resin is classed as a synthetic resin 
derived from the reaction of melamine (prepared 
from dicyandiamide) with formaldehyde. In addi- 
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tion to its well-known use in the molding of high- 
grade dinnerware and tableware, melamine is also 
used for critical military parts, industrial and 
decorative household appliances, handles, buttons, 
and other products. As a laminating resin, it goes 
into the manufacture of shockproof laminates and 
decorative laminates for household and office use. 
Melamine resins are also used in the formulation of 
boilproof, durable adhesives, in leather tanning, in 
the treatment of textiles, and in the production of 
wet-strength paper. 

POLYESTERS: By definition, a polyester is a 
resin composed of polymeric esters in which the 
recurring ester groups are an integral part of the 
main polymer chain. Unsaturated polyesters con- 
tain double bonds which permit cross-linking and 
hence conversion of the resin to a substantially 
infusible and insoluble product. While some poly- 
esters are used for casting applications (e.g., air- 
craft glazing, potting of electrical components, 
buttons, etc.), the bulk of the resin is used in the 
so-called “reinforced plastics” products. Because 
the polyesters are easily handled liquids that can 
be cured easily and quickly to a solid material 
without any liquid or gases being evolved, they can 
be reinforced with fibrous glass, asbestos, synthetic 
fibers, etc., and molded (either with or without 
pressure and with or without heat) into complex 
shapes characterized by high-impact strength, 
light weight, good dimensional stability, and good 


electrical properties. Products being molded today 
of reinforced polyester resins include: building 
panels, electrical equipment parts, boats, aircraft 
components, tote boxes, chairs, laundry tubs, auto- 
mobile bodies and other components, luggage, 
awnings, etc. 

ALKYDS: An alkyd is a type of synthetic resin 


described as an _ oil-modified polyester resin. 
As surface coatings, the alkyds provide a tough, 
versatile, uniform, and economical finish. Alkyd 
moldings exhibit excellent dimensional stability 
and electrical characteristics and are being used 
as tuner boards, tube bases, automotive ignition 
parts, etc. 

PHENOLICS: Made by reacting phenol with 
aldehydes, phenolics are strong, rigid, dimen- 
sionally stable materials, resistant to heat and a 
wide variety of solvents, and, most important, a 
nonconductor of electricity. Phenolic moldings 
find application as light plugs, electric switch 
boxes, washing machine agitators, vacuum cleaner 
parts, and camera cases among others. In liquid 
form, phenolic is used in the manufacture of in- 
dustrial and decorative laminates, as a protective 
coating, and as an adhesive. The plywood industry, 
which uses almost 10% of all the phenolic resin 
manufactured, is the largest customer for phenolic 
resin adhesives. Phenolic resins also find volume 
use in thermal insulation and in the manufacture 
of brake bands, which further account for a large 
share of total usage. 


PRIMER OF PLASTICS 


POLYSTYRENE: Polystyrene is a water-white 
thermoplastic produced by the polymerization of 
styrene (vinyl benzene). The general-purpose 
materials offer such outstanding advantages as: 
light weight, availability in a wide range of colors 
as well as in crystal-clear, freedom from taste and 
odor, nontoxicity, and exceptionally good electri- 
cal properties over the whole range of frequencies 
in practical use. General-purpose materials are 
used in the molding of a wide range of products, 
from disposable packages and refrigerator parts to 
toys, housewares, wall tile, and signs and displays. 
More recently, a whole new group of styrene ma- 
terials with specialized properties (e.g., heat-re- 
sistant styrenes, light-stabilized styrenes, glass- 
reinforced styrenes, etc.) have been made avail- 
able. One of the most important of the new groups 
are styrenes that have been toughened by copoly- 
merization with butadiene and/or acrylonitrile. 
These rugged copolymers are being molded into 
pipe fittings, wheels, helmets, valve parts, re- 
frigerator parts, toys, etc., or extruded into pipe 
that is being widely used by the petroleum in- 
dustry. Sheeting based on this material is being 
formed into automobile headliners and kick plates, 
typewriter cases, refrigerator door liners, tote 
boxes, trays, and a wide variety of functional and 
or decorative housings. 

ACRYLICS: Basically, constitute a 
family that comprises monomers and polymers of 
acrylic, substituted acrylics, and methacrylic acids, 
their salts, esters, and other derivatives, such as 
nitriles and amides. In the form of sheets and 
molding powders, the properties exhibited by the 
solid acrylic polymers, such as crystal clarity, high 
impact strength, ease of formability, and resistance 
to sunlight, weather, and most chemicals, have 
led to their widespread use in a range of military 
and civilian applications that includes: airplane 
canopies; radar plotting boards; signs and dis- 
plays; light diffusers; industrial window glazing; 
shower enclosures; automotive parts (taillight and 
stoplight lenses, medallions, instrument panels, 
etc.); and control knobs, dials, and handles. 
Acrylic resins also play an important role in the 
formulation of paints, clear greaseproof paper 
coatings, adhesives, and coatings for leather finish- 
ing applications. 

CELLULOSICS: The family of cellulosics com- 
prise such a wide variety of materia's, e.g., cel- 
lulose acetate, cellulose acetate butyrate, cellulose 
nitrate, cellulose propionate, ethyl cellulose, etc., 
that to explain and define each would take up 
considerably more space than is allotted here. To 
mention just two, however, cellulose acetate plas- 
tics are notable for their outstanding toughness 
and high-impact strength, and are used for toys, 
beads, cutlery handles, knobs, electrical parts, 
ladies’ shoe heels, and housings. In sheet form, cel- 


acrylics 


lulose acetate is widely used as a packaging ma- 
terial and for electric insulation and tape. The 





primary physical properties vf cellulose acetate 
butyrate are a horn-like toughness, high-impact 
strength, uniform texture, dimensional stability 
under normally varying conditions of temperature 
and humidity, and low moisture absorption. One 
of the large-volume applications for butyrate can 
be found in extruded pipe. 

POLYETHYLENE: Basically, polyethylene is 
synthesized by the polymerization of ethylene at 
elevated temperatures and pressures in the pres- 
ence of suitable catalysts. Conventional low-dens- 
ity polyethylene requires very high synthesis pres- 
sures (15,000 to 30,000 p.s.i.) and uses free radical 
catalysts, such as peroxides. The newer stiff, high- 
density polyethylenes are made at lower synthesis 
pressures, using coordination catalysts. There is 
still confusion as to just where the new poly- 
ethylenes (with their greater strength, stiffness, 
and heat resistance) will fit into the application 
picture. The conventional polyethylenes, with their 
flexibility, durability, light weight, resistance to 
moisture, excellent chemical resistance, and reten- 
tion of strength at freezing temperatures, already 
have found a number of important markets. These 
include: molded housewares, film and sheeting for 
the building industry, the agricultural field, and 
the packaging industry; electrical insulation in 
the form of outer jackets for power cables, tele- 
phone lines, appliance wire, etc.; extruded pipe 
for farm, mine, and home uses; coatings for paper, 
aluminum foil, and other sheet materials; squeeze 
bottles and tubes; and extruded monofilaments. 

VINYL: This family of plastics takes in a wide 
group of resins, e.g., polyvinyl acetate, polyvinyl 
acetals, polyvinyl alcohol, etc., the most im- 
portant of which is polyvinyl chloride. Polyvinyl 
chloride is described as a thermoplastic material 
composed of polymers of vinyl chloride. It is a 
colorless solid with outstanding resistance to water, 
alcohols, and concentrated acids and alkalies. One 
of the initial uses of vinyl chloride resins—elec- 
trical insulation—is still an extremely large market 
today. In the form of film and sheet, vinyl chloride 
resins have also found a virtually inexhaustible 
market that already includes shower curtains, 
inflatables, vapor barriers, silo covers, and up- 
holstery. Floor covering is also a big outlet as are 
extruded products. Most of these products are 
made of plasticized (softened) vinyl. 

NYLON: Nylons are polymeric resins formed by 
the condensation of dibasic organic acids with 
diamines into linear chains containing amide 
groups. The various grades of nylons available 
(nylon 6, nylon 6/6, nylon 6/10, etc.) have several 
outstanding features in common: they are stiff, 
strong, tough, light, abrasion-resistant, have a low 
coefficient of friction, and are chemically and ther- 
mally resistant. Nylon is finding application in the 
form of molded gears and bushings, housings, 
cams, and aerosol bottles. The use of nylon as a 
jacket for wire and cables is already well-estab- 


lished, but newer extrusion applicatio_.s, including 
the possibility of a tough nylon film for packaging 
uses are attracting attention. 

OTHER RESINS: The FLUOROCARBONS, 
EPOXIES, and SILICONES are coming more and 
more into the picture. The fluorocarbons, with 
their good thermal and chemical resistance, non- 
adhesiveness, low dissipation factor, and low 
dielectric constant, are finding use in such appli- 
cations as corrosion-resistant pipe or as an insu- 
lating material. Epoxies are strong, light in weight, 
shrinkproof, and resistant to water and heat. They 
are used as surface coatings, in adhesives, in lami- 
nates, in castings (particularly in the tooling field 
and for potting of delicate electronic components). 
Reinforced with fibrous glass, they are finding im- 
portant use for such structural and electrical appli- 
cations as radomes, terminal boards, printed elec- 
tronic circuits, aircraft skins, etc. The silicones 
contribute excellent weather, heat, and wear re- 
sistance to an end-product. Silicones exist in a 
wide range of physical forms, from simple fluids 
through greases and flexible rubbers to hard, dur- 
able resins of complex structures. Among their 
applications are silicone rubbers; molding com- 
pounds for use in gaskets, circuit breakers, etc.; 
laminating resins for instances where high-tem- 
perature operation is required; release agents; 
lubricants; adhesives; and coatings. 


Processing Methods 

Before they are processed, most basic plastics 
resins can be combined—compounded—with any 
one of a large range of modifying chemicals or re- 
inforcing materials in varying proportions to 
achieve a given end result. Such additions can 
take the form of plasticizers (which soften the 
plastic and make it more flexible), stabilizers 
(which prevent degradation in the plastic when 
it is exposed to heat or light), fillers (which add 
bulk and reduce over-all costs), colorants (which 
add integral color to the processed plastic end- 
product), and reinforcing fibers (which improve 
impact strength, electrical properties, etc., of fin- 
ished product). Solvents are used in plastics com- 
positions to give the degree of temporary fluidity 
necessary to such operations as dipping, brushing, 
spraying, etc., and catalysts are often added to 
speed up the cure of a compound. 

After compounding, the resultant plastics are 
supplied in convenient liquid, granular, and pow- 
dered forms to processors. 

From granular or powdered form, they are 
softened and shaped by molding or extrusion. They 
can also be transformed into flexible film or sheet- 
ing by extrusion or calendering. Sheets, in turn, 
may be resoftened and shaped into contoured 
products. 

In liquid form, the plastics are used as spray-on, 
dip-on, and brush-on coatings, or incorporated 
into lacquers, paints, and adhesives. Plastic-based 
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bonding agents are among the best. Liquid plas- 
tics are also cast into sheets. 

By mechanical mixing or by the addition of 
chemical blowing agents, liquid plastics resins can 
also be foamed into a cellular product for insula- 
tion, cushioning, floatation applications, etc. 

Of these methods of processing, molding con- 
sumes the largest volume of material. Molding 
procedures are all based on the fact that, when 
the plastic is heated, it will melt to a viscous 
liquid that can be forced into a mold of desired 
shape, where it solidifies. 


Injection Molding 


Different molding processes have been devel- 
oped to handle the specialized properties of the 
various plastics. Injection molding, for example, is 
the most commonly used method for producing 
thermoplastic end-products. 

In injection molding, pellets are first fed from 
the hopper into the rear end of the heating cylin- 
der where heating starts. With successive strokes 
of the injection ram the material is compacted 
and forced forward through the thin annular space 
between a heated “torpedo” in the center of the 
cylinder and the cylinder walls. There the mate- 
rial is melted. Soon it reaches the cylinder nozzle 
and is injected into the cold mold. 

The fluid plastic completely fills the mold cavity, 
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Pellets of plastic resin (in 
color) feeding from hopper are 
melted in the heating cylinder 
and forced forward by the ram 
into the mold 





which is shaped to the contours of the finished 
product. When the plastic has cooled and solidi- 
fied, the mold is opened and the finished piece, an 
exact image of the mold cavity, is ejected. 

To speed up molding cycles and facilitate pro- 
duction, preplasticators are available. A preplasti- 
cator is simply an auxiliary heating cylinder which 
melts the granules and transfers the melt to the 
injection cylinder where it is further heated and 
held ready for injection. 


Compression Molding 


For molding the thermosetting plastics, the 
method most generally used is compression mold- 
ing. The basic procedure is to place the molding 
compound (generally preheated) in the open 
mold cavity, close the mold, and then apply heat 
and pressure (through a downward-moving force 
plug) to the material until it softens and is forced 
to fill the mold cavity. In the closed mold, the 
material undergoes a chemical reaction that cross- 
links the polymer chains and thus hardens into a 
permanent shape. The mold is then opened and 
the solid piece is removed. 

Transfer molding is a variation on compression 
molding in which the heat and pressure are ap- 
plied to the molding material outside the mold. 
The fluid material is then forced through a series 
of channels (runners) from the external chamber 
to the mold cavity where final cure takes place. 


Extrusion 


For the production of continuous film, sheeting, 
rods, tubes, and other profile shapes (as distin- 
guished from molded shapes), extrusion, another 
of the major processing divisions, is the method 
commonly employed. 

In extrusion, the powdered or granular material 
is fed through a hopper at the rear of the unit into 
a heated barrel where it is plasticated by heat and 
working. The hot melt is then forced forward by a 
continuously revolving screw through the heating 
chamber and out through a shaping orifice or die, 
much as meat is forced through a grinder. As the 
plastic shape, which can be anything from a thick 
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rod or large pipe to a thin sheet or thread-like 
monofilament, depending upon the size and shape 
of the die, is forced out, it is usually conveyed 
through a water bath that sets the shape. 

Plastics can also be extruded as coatings around 
continuous lengths of wire or cable. 

While these three techniques—injection, com- 
pression, and extrusion—account for the produc- 
tion of the major share of plastics products, other 
variations in molding techniques are possible. In 
blow molding, for example, which is used in the 
production of plastics bottles, thermoplastics 
sheets or charges from an extrusion machine are 
placed in closed molds and are forced into final 
form by being blown into these molds with air or 
steam pressure. Pulp molding and jet molding are 
other techniques used for specialized applications. 


Casting 
Although these molding methods differ in many 
respects from each other, they all have one thing 
in common—the use of heat and external pressure. 
Where no pressure is used, the process is known 
as casting. In casting, the plastic (either thermo- 
plastic or thermosetting) is supplied in liquid form 
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or in granular or powdered form that can be 
liquefied by heating or by the addition of solvents, 
catalysts, etc. The fluid plastic is poured into a 
mold and is cured into a solid at room tempera- 
ture or by further heating. 

Many variations in casting techniques are also 
possible. One method used for making flexible 
toys, overshoes, etc., is slush molding, in which a 
thermoplastic resin slurry (or “slush”) is poured 
into a warm mold. The heat homogenizes the 
slurry into a viscous layer of the desired wall 
thickness, and the excess slurry is then poured 
out. The resin left in the mold is fully fused by 
additional heat, then chilled; in its final flexible 
form, it is simply stripped out of the mold. 

Casting is also involved in one of the other two 
techniques which, in addition to extrusion, are 
available for the production of plastics film and 
sheet (film generally refers to sheeting 0.010 in. 
and thinner). When casting film or sheet, the 
liquid plastics material is cast on a moving belt or 
by precipitation in a chemical bath. 


Calendering 

The third major technique for turning out film 
and sheet is known as calendering. In calender- 
ing, the plastics compound, usually in the form of 
a warm doughy mass, is passed between a series 
of heated rollers in which it is thoroughly worked. 
It emerges from the rolls squeezed into flat film 
or sheet, the uniform thickness of which is deter- 
mined by the gap between the last pair of rolls 
(gaging rolls), and is cooled on a chill roll. 

Calendering can also be used to apply a plastics 
covering to such backing materials as paper, fab- 
ric, etc. The film and backing material are simply 
squeezed together in the heated rollers. 


Fabricating and Finishing 
After plastics film, sheet, or extruded or molded 
shapes have been produced, additional operations 
are sometimes necessary before the final plastics 
product is ready for market. These operations 
generally fall under the classification of either 
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“fabricating” or “finishing,” or both. Fabricating 
rigid plastics involves changing the size or the 
shape of the molded or extruded piece, adding 
holes or openings, etc., by such conventional 
metal- or wood-working techniques as drilling, 
tapping, turning, milling, etc. Fabricating flexible 
plastics film or sheeting involves cutting the ma- 
terial to size (film and sheeting are generally pro- 
duced in continuous rolls or are available in stock 
sheet sizes) and turning it into an end product by 
sewing, heat-sealing (bonding or welding the ma- 
terial to itself or to other materials), etc. 

The term “finishing” is generally applied to op- 
erations, e.g., tumbling, sanding, etc., for improving 
the surface appearance of molded plastics pieces 
by removing flash (excess material at the parting 
line) and other extraneous matter, as well as to 
the various decorating techniques used. When 
working with rigid plastics, surface decoration can 
take the form of stamping, printing, spraying, or 
vacuum metalizing (in which a metal coating is 
deposited on the plastic). Film, sheet, or coated 
materials can be metalized, printed with colorful 
patterns, or embossed or flocked to simulate vir- 
tually any type of surface texture. 


Sheet Forming 

One of the most important fabricating operations 
—and one that has virtually grown into an entire 
industry of its own—is that of heat-forming film 
or sheeting. The basic principle is this: the heat- 
softened film or sheet is forced against a cold mold, 
permanently taking on the contours of the mold. 
A wide range of forming methods have been de- 
veloped, differing primarily in the manner in 
which the sheet is heated and in the type of ex- 
ternal pressure used to force it against the mold. 


Laminates and Reinforced Plastics 

Many plastics, usually liquids at room tempera- 
ture, are used as binders and surfacing materials 
in conjunction with reinforcing materials such as 
fibrous glass, synthetic fibers, paper, wood, etc. 
Uses for plastics in this area divide into three basic 
categories: surface coating materials (paints, var- 
nishes, lacquers, and coatings for fabrics, paper, 
etc.); bonding materials (resins to bond sand in 
the manufacture of foundry cores and abrasives in 
the manufacture of grinding wheels, etc.); and 
laminating materials. 

For purposes of simplification, the latter classi- 
fication can be further broken down into two main 
product groups—high-pressure laminates and low- 
pressure laminates. As the names imply, the dif- 
ference is in the amount of pressure used in proc- 
essing, but the gap is closing and higher and 
higher pressures are being used to produce better 
and better “low-pressure” laminates. The latter 
are commonly referred to as “reinforced plastics,” 
although the designation could be applied to any 
resin reinforced with any fibers. 
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In making a high-pressure laminate, sheets of 
the reinforcing material are impregnated with the 
liquid plastic resin and subjected to heat and high 
pressures while they cure into a single piece of 
uniform thickness. High-pressure laminates are 
subdivided into decorative laminates, such as are 
used for counters and tabletops, and industrial 
laminates, which are machined into such industrial 
components as gears and bearings. 

In molding reinforced plastics, woven cloths or 
nonwoven mats of the reinforcing material (glass, 
synthetic fibers, asbestos, etc.) are also impreg- 
nated with resin, but the laminate can be cured 
with little or no pressure. Molding a reinforced 
plastic product can be as simple as placing pre-cut 
pieces of reinforcing materials in an open mold, 
impregnating them with liquid plastic, and curing 
at room temperature and atmospheric pressure. 
However, the use of closed “matched metal” molds 
in heavy compression presses is becoming stand- 
ard practice for the mass-production of reinforced 
plastics parts. It is faster and gives denser products 
with more closely controlled dimensions. 


Combinations of Materials 

To obtain the individual advantages of different 
plastics materials in a single product, techniques 
have been developed for combining materials. 
Laminating, for example, using heat and pres- 
sure, can be used for uniting different types of 
plastics film and sheeting. 

“Sandwiches” are another combination material 
for which many uses are predicted. A sandwich 
construction is a multi-layered laminate formed 
by bonding (generally with synthetic resin adhe- 
sives) two thin, strong facings (plastics, metal, 
wood, etc.) to a thick, lightweight core (foamed 
plastics, balsa wood, honeycombs, etc.) that sepa- 
rates and stabilizes the thin facings, thus giving 
them much greater stiffness. 

. . ” 7. 

This Primer of Plastics touches only on the high- 
lights of the industry. For complete discussions of 
specific phases, consult the Subject Index, p. 10; 
for definitions of words and phrases, see the Plas- 
tics Glossary that starts on the next page. 





A-STAGE—An early stage in the re- 
action of a thermosetting resin in 
which the material is still soluble 
in certain liquids and fusible. See 
also B- and C-Stage. 


ABSOLUTE VISCOSITY—Of a fluid, 
the tangential force on unit area of 
either of two parallel planes at 
unit distance apart when the space 
between the planes is filled with 
the fluid in question and one of the 
planes moves with unit differential 
velocity in its own plane. 

The C.G.S. unit for absolute (or 
dynamic) viscosity is the poise 
(dyne-sec./sq. cm.). The centi- 
poise (0.01 poise) is often used. 


ACCELERATOR—A substance that 
hastens a reaction, particularly one 
which speeds up the vulcanization 
of rubber. Also known as Pro- 
moter. 


ACRYLIC ESTER—An ester of 
acrylic acid, or of a_ structural 
derivative of acrylic acid, e.g., 
methyl methacrylate. 


ACRYLIC RESIN—A synthetic resin 
prepared from acrylic acid or from 
a derivative of acrylic acid. 


ACRYLONITRILE—A monomer 
with the structure (CH.:CHCN). 
It is most useful in copolymers. 
Its copolymer with butadiene is 
nitrile rubber, and several copoly- 
mers with styrene exist that are 
tougher than polystyrene. It is also 
used as a synthetic fiber and as a 
chemical intermediate. 


ADDITION POLYMERIZATION— 
See Polymerization. 


ADHESION—The state in which two 
surfaces are held together by in- 
terfacial forces which may consist 
of valence forces or interlocking 
action or both. 


ADHESIVE—A substance capable of 
holding materials together by sur- 
face attachment. Adhesive is the 
general term and includes, among 
others, the synthetic resin ad- 
hesives as well as the vegetable 
and animal base adhesives, such as 
cements, glues, mucilages, and 
pastes. These terms are sometimes 
used loosely and interchangeably. 
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ADSORPTION—The adhesion of the 
molecules of gases, dissolved sub- 
stances, or liquids in more or less 
concentrated form to the surfaces 
of solids or liquids with which they 
are in contact. 


AGING—The change in properties 
of a material with time under 
stated conditions. 


ALIPHATIC HYDROCARBONS— 
Saturated hydrocarbons having an 
open chain structure. Familiar ex- 
amples: gasoline and propane. 


ALYKD RESIN—Polyester resins 
made with some fatty acid as a 
modifier. See Polyester, Fatty Acid. 


ALLOY—Composite material made 
up by blending polymers or co- 
polymers with other polymers or 
elastomers under selected con- 
ditions, e.g., styrene-acrylonitrile 
copolymer resins blended with 
butadiene-acrylonitrile rubbers. 


ALLYL RESIN—A synthetic resin 
formed by the polymerization of 
chemical compounds containing 
the group CH.—CH—CH.—. The 
principal commercial allyl resin is 
a casting material that yields allyl 
carbonate polymer. 


ALPHA-CELLULOSE—A very pure 
cellulose prepared by special 
chemical treatment. 


AMINO—Indicates the presence of 
an —NH; or —NH group. 


ANNEALING—A process of holding 
a material at a temperature near, 
but below, its melting point, the 
objective being to permit stress 
relaxation without distortion of 
shape. It is often used on molded 
articles to relieve stresses set up 
by flow into the mold. 


ANTI-OXIDANT—Substance which 
prevents or slows down oxidation 
of material exposed to air. 


ARC RESISTANCE—The time re- 
quired (in sec.) for a standard are 
adjacent to the surface of a mate- 
rial to establish a conductive path 
in the material (ASTM D495). 


AROMATIC HYDROCARBONS— 
Hydrocarbons derived from or 
characterized by presence of un- 
saturated resonant ring structures. 
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ASPHALT—A dark-colored viscous 
to solid hydrocarbon complex in- 
cluding: a) the easily fusible bitu- 
mens often associated with a min- 
eral matrix, not having a waxy 
luster or unctuous feel; b) fusible 
residuums obtained from the dis- 
tillation, etc., of bitumens. 


ATOMIC WEIGHT—Relative weight 
of an atom of any element as com- 
pared with that of one atom of 
oxygen taken as 16. 


AUTOCLAVE—1) Closed strong 
vessel for conducting chemical re- 
actions under high pressure; 2) in 
low-pressure laminating, a round 
or cylindrical container in which 
heat and gas pressure can be ap- 
plied to resin-impregnated paper 
or fabric positioned in layers over 
a mold. 


AUTOMATIC MOLD—A mold for 
injection or compression molding 
that repeatedly goes through the 
entire cycle, including ejection, 
without human assistance. 


B-STAGE—An intermediate stage in 
the reaction of a thermosetting 
resin in which the material softens 
when heated and swells in contact 
with certain liquids but does not 
entirely fuse or dissolve. Resins in 
thermosetting molding compounds 
are usually in this stage. See also 
A-Stage and C-Stage. 


BACKING PLATE—In injection 
molding, a plate used as a support 
for the cavity blocks, guide pins, 
bushings, etc. 


BAG MOLDING—A method of ap- 
plying pressure during bonding or 
molding, in which a flexible cover, 
usually in connection with a rigid 
die or mold, exerts pressure on the 
material being molded, through the 
application of air pressure or draw- 
ing of a vacuum. 


BENZENE RING—The basic struc- 
ture of benzene, the most impor- 
tant aromatic chemical. It is an 
unsaturated, resonant 6-carbon 
ring having three double bonds. 
One or more of the 6 hydrogen 
atoms of benzene may be replaced 
by other atoms or groups. 





BETA GAGE (or beta-ray gage)—A 
gage consisting of two facing ele- 
ments, a (-ray-emitting source 
and a $-ray detector. When a 
sheet material is passed between 
the elements, some of the 8 rays 
are absorbed, the percent absorbed 
being a measure of the areal den- 
sity or the thickness of the sheet. 


BLANKING—The cutting of flat 
sheet stock to shape by striking it 
sharply with a punch while it is 
supported on a mating die. Punch 
presses are used. Also called Die 
Cutting. 


BLEED—To give up color when in 
contact with water or a solvent; 
undesired movement of certain 
materials in a plastic (e.g., plas- 
ticizers in vinyl) to the surface of 
the finished article or into an adja- 
cent material. Also called Migra- 
tion. 


BLISTER—A raised area on the sur- 
face of a molding caused by the 
pressure of gases inside it on its 
incompletely hardened surface. 


BLOCKING—An undesired adhesion 
between touching layers of a ma- 
terial, such as occurs under mod- 
erate pressure during storage or 
use. 


BLOOM—See Lubricant Bloom. 


BLOW MOLDING—A method of 
producing hollow objects (e.g. 
bottles) by injecting a blob of hot 
melt into a hollow mold, then in- 
flating the blob against the cool 
mold surface, where it freezes into 
shape. 

BLOWING AGENTS—See Foaming 
Agents. 


BODY (n.)—A qualitative indication 
of the viscosity of oil, varnish, or 
paint; “heavy body” denotes a 
relatively high viscosity and “light 
body” a relatively low viscosity. 
(v.)—To increase the viscosity of 
an oil by heat treatment or by 
other means. 


BOSS—Protuberance on a plastic 
part designed to add strength, to 
facilitate alignment during assem- 
bly, to provide for fastenings, etc. 


BRANCHED—In molecular struc- 
ture of polymers (as opposed to 
Linear), refers to side chains at- 
tached to the main chain. Side 
chains may be long or short. 


BREAKER PLATE—A perforated 
plate located to the rear of the die 
in an extruder. It supports the 
screens that prevent foreign parti- 
cles from entering the die. Also 
used without screens in injection 
molding nozzles to improve distri- 
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bution of color particles in the 
melt. 


BREATHING—The opening and 


closing of a mold to allow gases to 
escape early in the molding cycle. 
Also called degassing. When re- 
ferring to plastic sheeting, “breath- 
ing” indicates permeability to air. 


BULK DENSITY—The mass per unit 


volume of a molding powder as 
determined in a reasonably large 
volume. The recommended test 
method is ASTM D1182-54. 


BULK FACTOR—Ratio of the vol- 


ume of loose molding powder to 
the volume of the same weight of 
resin after molding. 


Cc 


C-STAGE—The final stage in the 


reactions of a thermosetting resin 
in which the material is relatively 
insoluble and infusible. Thermo- 
setting resins in a fully cured plas- 
tic are in this stage. See A-Stage 
and B-Stage. 


CALENDER (v.)—To prepare sheets 


of material by pressure between 
two or more counter-rotating rolls. 
(n.)—The machine performing this 
operation. 


CAPROLACTAM—A cyclic amide- 


type compound, containing 6 car- 
bon atoms. When the ring is 
opened, caprolactam is polymer- 
izable into a nylon resin known as 
type-6 nylon or polycaprolactam. 


CASEIN—A protein. material pre- 


cipitated from skimmed milk by 
the action of either rennet or di- 
lute acid. 

Rennet casein finds its main ap- 
plication in the manufacture of 
plastics. Acid casein is a raw ma- 
terial used in a number of indus- 
tries including the manufacture of 
adhesives. 


CAST—1) to form a “plastic” object 


by pouring a fluid monomer-poly- 
mer solution into an open mold 
where it finishes polymerizing. 2) 
forming plastic film and sheet by 
pouring the liquid resin onto a 
moving belt or by precipitation in 
a chemical bath. 


CASTING (n.)—The finished prod- 


uct of a casting operation; should 
not be used for molding, q.v. 


CATALYST—A_ substance which 


markedly speeds up the cure of a 
compound when added in minor 
quantity as compared to the 
amounts of primary reactants. See 
Hardener, Inhibitor, Promoter. 


CAVITY—Depression in a mold 


CELLULAR 


made by casting, machining, hob- 
bing, or a combination of these 
methods; depending on number of 
such depressions, molds are desig- 
nated as Single-Cavity or Multi- 
Cavity. 


PLASTICS — See 
Foamed Plastics. 


CELLULOID—A thermoplastic ma- 


terial made by the intimate blend- 
ing of cellulose nitrate, q.v., with 
camphor. Alcohol is normally em- 
ployed as a volatile solvent to as- 
sist plasticization, and is subse- 
quently removed. 


CELLULOSE—A natural high poly- 


meric carbohydrate found in most 
plants; the main constituent of 
dried woods: jute, flax, hemp, ra- 
mie, etc. Cotton is almost pure 
cellulose. 


CELLULOSE ACETATE—An acetic 


acid ester of cellulose. It is ob- 
tained by the action, under rigidly 
controlled conditions, of acetic acid 
and acetic anhydride on purified 
cellulose usually obtained from 
cotton linters. All three available 
hydroxyl groups in each glucose 
unit of the cellulose can be acetyl- 
ated but in the material normally 
used for plastics it is usual to 
acetylate fully and then to lower 
the acetyl value (expressed as 
acetic acid) to 52-56% by partial 
hydrolysis. When compounded 
with suitable plasticizers it gives a 
tough thermoplastic material. 


CELLULOSE ACETATE BUTY- 


RATE—An ester of cellulose made 
by the action of a mixture of acetic 
and butyric acids and their an- 
hydrides on purified cellulose. 

It is used in the manufacture of 
plastics which are similar in gen- 
eral properties to cellulose acetate 
but are tougher and have better 
moisture resistance and dimen- 
sional stability. 


CELLULOSE ESTER—A derivative 


of cellulose in which the free hy- 
droxyl groups attached to the 
cellulose chain have been replaced 
wholly or in part by acidic groups, 
e.g., nitrate, acetate, or stearate 
groups. Esterification is effected by 
the use of a mixture of an acid 
with its anhydride in the presence 
of a catalyst, such as sulfuric acid. 
Mixed esters of cellulose, e.g., 
cellulose acetate butyrate, are pre- 
pared by the use of mixed acids 
and mixed anhydrides. Esters and 
mixed esters, a wide range of 
which is known, differ in their 
compatibility with plasticizers, in 
molding properties, and in physical 
characteristics. 

These esters and mixed esters 
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are used in the manufacture of 
thermoplastic molding 
tions. 


CELLULOSE NITRATE (Nitrocellu- 
lose)—A nitric acid ester of cellu- 
lose manufactured by the action 
of a mixture of sulfuric acid and 
nitric acid on cellulose, such as 
purified cotton linters. The type of 
cellulose nitrate used for celluloid 
manufacture usually contains 10.8- 
11.1% of nitrogen. The latter fig- 
ure is the nitrogen content of the 
dinitrate. 


CELLULOSE PROPIONATE—An 
ester of cellulose made by the ac- 
tion of propionic acid and its anhy- 
dride on purified cellulose. It is 
used as the basis of a thermoplastic 
molding material. 


CHAIN LENGTH—See Degree Of 
Polymerization. 


CHARGE—The measurement or 
weight of material used to load a 
mold at one time or during one 
cycle. 


composi- 


CHASE—An enclosure of any shape, 
used to: a) shrink-fit parts of a 
mold cavity in place; b) prevent 
spreading or distortion in hobbing; 
c), enclose an assembly of two or 
more parts of a split cavity block. 


CHROMIUM PLATING—An elec- 
trolytic process that deposits a 
hard film of chromium metal onto 
working surfaces of other metals 
where resistance to corrosion, 
abrasion, and /or erosion is needed. 

CLAMPING PLATE—A plate fitted 
to a mold and used to fasten the 
mold to a molding machine. 


CLAMPING PRESSURE—In injec- 
tion molding and in transfer mold- 
ing, the pressure which is applied 
to the mold to keep it closed, in 
opposition to the fluid pressure of 
the compressed molding material. 


COEFFICIENT OF EXPANSION— 
The fractional change in length 
(sometimes volume, specified) of 
a material for a unit change in 
temperature. Values for plastics 
range from 0.01 to 0.2 mils/in., °C. 


COLD FLOW—See Creep. 


COLD MOLDING—A procedure in 
which a composition is shaped at 
room temperature and cured by 
subsequent baking. 


COLD SLUG—The first material to 
enter an injection mold; so called 
because in passing through sprue 
orifice it is cooled below the effec- 
tive molding temperature. 

COLD SLUG WELL—Space pro- 
vided directly opposite the sprue 
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opening in an injection mold to 
trap the cold slug. 


COLD STRETCH—Pulling opera- 
tion, usually on extruded fila- 
ments, to improve tensile proper- 
ties. 


COMPRESSION MOLD—A mold 
which is open when the material is 
introduced and which shapes the 
material by heat and by the pres- 
sure of closing. 


COMPRESSION MOLDING—A 
technique of thermoset molding in 
which the molding compound 
(generally preheated) is placed in 
the open mold cavity, mold is 
closed, and heat and pressure (in 
the form of a downward moving 
ram) are applied until the mate- 
rial has cured. 


COMPRESSIVE STRENGTH— 
Crushing load at the failure of a 
specimen divided by the original 
sectional area of the specimen. 


CONDENSATION—A chemical re- 
action in which two or more mole- 
cules combine with the separation 
of water or some other simple sub- 
stance. If a polymer is formed, the 
condensation process is called 
Polycondensation. See also Poly- 
merization. 


CONDENSATION RESIN—A resin 
formed by polycondensation, e.g., 
the alkyd, phenol-aldehyde, and 
urea formaldehyde resins. 


CONTACT PRESSURE RESINS— 
Liquid resins which thicken or 
resinify on heating and, when used 
for bonding laminates, require lit- 
tle or no pressure. 


COOLING FIXTURE—Block of 
metal or wood holding the shape of 
a molded piece which is used to 
maintain the proper shape or di- 
mensional accuracy of a molding 
after it is removed from the mold 
until it is cool enough to retain its 
shape without further appreciable 
distortion. Also known as Shrink 
Fixture. 


COPOLYMER—See Polymer. 


CORE—1) The central member of 
a sandwich construction (can be 
honeycomb material, foamed plas- 
tic, or solid sheet) to which the 
faces of the sandwich are at- 
tached; the central member of a 
plywood assembly. 2) A channel in 
a mold for circulation of heat- 
transfer media. 3) Part of a com- 
plex mold that molds undercut 
parts. Cores are usually withdrawn 
to one side before the main sec- 
tions of the mold open. Also called 
Core Pin. 
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CRAZING—Fine cracks which may 
extend in a network on or under 
the surface or through a layer of a 
plastic material. 


CREEP—The dimensional change 
with time of a material under load, 
following the initial instantaneous 
elastic deformation. Creep at room 
temperature is sometimes called 
Cold Flow. 


CROSS LAMINATED—Laminated 
so that some of the layers of mate- 
rial are oriented at right angles to 
the remaining layers with respect 
to the grain or strongest direction 
in tension. Normally balanced con- 
struction of the laminations about 
the center line of the thickness of 
the laminate is assumed. See 
Parallel Laminated. 


CROSS -LINKING—Applied to poly- 


mer molecules, the setting-up of 
chemical links between the mo- 
lecular chains. When extensive, as 
in most thermosetting resins, 
cross-linking makes one infusible 
supermolecule of all the chains. 


CULL—Material remaining in a 
transfer chamber after mold has 
been filled. Unless there is a slight 
excess in the charge, the operator 
cannot be sure cavity is filled. 
Charge is generally regulated to 
control thickness of cull. 


CURE—To change the physical prop- 


erties of a material by chemical 
reaction, which may be condensa- 
tion, polymerization, or vulcaniza- 
tion; usually accomplished by the 
action of heat and catalysts, alone 
or in combination, with or without 
pressure. 


CURING TEMPERATURE—Tem- 
perature at which a cast, molded, 
or extruded product, a resin-im- 
pregnated reinforcing material, an 
adhesive, etc., is subjected to cur- 
ing. 


CURING TIME (Molding Time)—In 
the molding of thermosetting plas- 
tics, the interval of time between 
the instant of cessation of relative 
movement between the moving 
parts of a mold and the instant 
that pressure is released. 


CUT-OFF—The line where the two 
halves of a compression mold come 
together; also called Flash Groove 
or Pinch-off. 


CYCLE—The complete, repeating 
sequence of operations in a proc- 
ess or part of a process. In mold- 
ing, the cycle time is the period, 
or elapsed time, between a certain 
point in one cycle and the same 
point in the next. 
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DAYLIGHT OPENING—Clearance 
between two platens of a press in 
the open position. 


DECORATIVE SHEET—A laminated 
plastics sheet used for decorative 
purposes in which the color and/or 
surface pattern is an integral part 
of the sheet. 

Standards of quality for certain 
types of synthetic resin-bonded- 
paper sheet for decorative pur- 
poses are given in B.S. 1323 “Syn- 
thetic resin-bonded-paper sheet 
(thermosetting) for use in the 
building industry.” 


DEGASSING—See Breathing 


DEGREE OF POLYMERIZATION 
(DP)—The number of structural 
units or mers in the “average” 
polymer molecule in a particular 
sample. In most plastics the DP 
must reach several thousand if 
worthwhile physical properties are 
to be had. 


DELAMINATE—To split a laminated 
plastic material along the plane of 
its layers; see Laminate. 


DELAMINATION—The _ separation 
of layers in a laminate because of 
failure of the adhesive. 


DENIER—A lineal density measure 
for textile yarns; the denier of a 
yarn is the weight in grams of 
9000 meters of the yarn. 


DENSITY—Weight per unit volume 
of a substance, expressed in grams 
per cubic centimeter, pounds per 
cubic foot, etc. 


DESICCANT—Substance which can 
be used for drying purposes be- 
cause of its affinity for water. 


DESTATICIZATION—Treating plas- 
tics materials to minimize their 
accumulation of static electricity 
and, consequently, the amount of 
dust picked up by the plastics be- 
cause of such charges. 


DIE CUTTING—1) Blanking (q.v.); 
2) Cutting shapes from sheet stock 
by striking it sharply with a 
shaped knife edge known as a 


“steel-rule die.” Clicking and 
Dinking are other names for die 
cutting of this kind. 


DIELECTRIC—Insulating material. 
In radio-frequency preheating, di- 
electric may refer specifically to 
the material which is being heated. 


DIELECTRIC CONSTANT—Nor- 
mally the relative dielectric con- 
stant; for practical purposes, the 
ratio of the capacitance of an as- 
sembly of two electrodes separated 
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solely by a plastics insulating ma- 
terial to its capacitance when the 
electrodes are separated by air 
(ASTM D150-54T). 


DIELECTRIC HEATING (Electronic 
heating) —The plastic to be heated 
forms the dielectric of a condenser 
to which is applied a high-fre- 
quency (20 to 80 mc.) voltage. Di- 
electric loss in the material is the 
basis. Process used for sealing 
vinyl films and preheating thermo- 
set molding compounds. 


DIELECTRIC STRENGTH — The 
electric voltage gradient at which 
an insulating material is broken 
down or “arced through,” in volts 
per mil of thickness. 


DIMENSIONAL STABILITY—Abil- 
ity of a plastic part to retain the 
precise shape in which it was 
molded, fabricated, or cast. 


DIP COATING—Applying a plastic 
coating by dipping the article to 
be coated into a tank of melted 
resin or plastisol, then chilling the 
adhering melt. 


DISCOLORATION — Any change 
from an initial color possessed by a 
plastic; a lack of uniformity in 
color where color should be uni- 
form over the whole area of a 
plastic object. 


DISPERSION—Finely divided par- 
ticles of a material in suspension in 
another substance. 


DISSIPATION FACTOR — See 
Power Factor. 


DOUBLE-SHOT MOLDING—A 
means of turning out two-color 
parts in thermoplastics materials 
by successive molding operations. 


DRAFT—The degree of taper of a 
side wall or the angle of clearance 
designed to facilitate removal of 
parts from a mold. 


DRAPE ASSIST FRAME—In sheet 
thermoforming, a frame (made up 
of anything from thin wires to 
thick bars) shaped to the pe- 
ripheries of the depressed areas of 
the mold and suspended above the 
sheet to be formed. During form- 
ing, the assist frame drops down, 
drawing the sheet tightly into the 
mold and thereby preventing web- 
bing between high areas of the 
mold and permitting closer spac- 
ing in multiple molds. 


DRAPE FORMING—Method of 
forming thermoplastic sheet in 
which the sheet is clamped into a 
movable frame, heated, and draped 
over high points of a male mold. 
Vacuum is then pulled to complete 
the forming operation. 
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DRAWING—The process of stretch- 
ing a thermoplastic sheet or rod to 
reduce its cross-sectional area. 


DRY COLORING—Method com- 
monly used by fabricators for 
coloring plastics by tumble blend- 
ing uncolored particles of the plas- 
tic material with selected dyes and 
pigments. 


DRY STRENGTH—tThe strength of 
an adhesive joint determined im- 
mediately after drying under 
specified conditions or after a 
period of conditioning in the 
standard laboratory atmosphere. 
See Wet Strength. 


DRYING OIL—One of many natural 
oils, usually vegetable oils, the gly- 
ceryl esters of unsaturated fatty 
acids, that harden in air by oxida- 
tion to a resinous skin. Typical 
drying oils are linseed and tung 
oils. Drying oils are the binding 
agents of oil paints and varnishes. 


DWELL—A pause in the application 
of pressure to a mold, made just 
before the mold is completely 
closed, to allow the escape of gas 
from the molding material. 


EJECTOR PIN (or sleeve)—A pin or 
thin plate that is driven into a 
mold cavity from the rear as the 
mold opens, forcing out the fin- 
ished piece. Also Knockout Pin. 


EJECTOR PIN ASSEMBLY—All 
the parts that help to knock the 
finished piece from a mold. In 
some designs, it also frees split 
parts or loose pieces from mold 
cavities. 


EJECTOR PIN PLATE—A plate 
which supports ejector pins and 
holds ejector assembly together. 


EJECTOR RETURN PINS—Pro- 
jections that push the ejector as- 
sembly back as the mold closes; 
also called Surface Pins and Re- 
turn Pins. 


EJECTOR ROD—Bar that actuates 
the ejector assembly when mold is 
opened. 


ELASTOMER—A material which at 
room temperature stretches under 
low stress to at least twice its 
length and snaps back to the orig- 
inal length upon release of stress. 
See also Rubber. 


ELECTRIC STRENGTH (Dielectric 
Strength)—1) That property of an 
insulating material which enables 
it to withstand stress. 
2) The highest electric stress which 


electric 


575 





an insulating material can with- 
stand for a specified time without 
the occurrence of electrical break- 
down by any path through its bulk. 
Its value is given by the potential 
difference in volts divided by the 
thickness of a test specimen in 
thousandths of an inch, i.e. in volts 
per mil (AS.T.M. D149-55T). 
3) The highest potential difference 
which a specimen of insulating 
material of given thickness can 
withstand for a_ specified time 
without the occurrence of electri- 
cal breakdown by any path 
through its bulk. 


ELECTROFORMED MOLDS—A 
mold made by electroplating metal 
on the reverse pattern on the cav- 
ity. Molten steel may be then 
sprayed on the back of the mold 
to increase its strength. 


ELONGATION—The fractional in- 
crease in length of a material 
stressed in tension. 


EMULSION—A suspension of fine 
droplets of one liquid in another. 


ENCAPSULATING—Enclosing an 
article (usually an electronic com- 
ponent or the like) in a closed en- 
velope of plastic, by immersing the 
object in a casting resin and al- 
lowing the resin to polymerize or, 
if hot, to cool. 


EPOXY RESINS—Based on ethyl- 
ene oxide, its derivatives or 
homologs, epoxy resins form 
straight-chain thermoplastics and 
thermosetting resins, e.g., by the 
condensation of bisphenol and 
epichlorohydrin. 


ESTER—The reaction product of an 
alcohol and an acid. 


EXOTHERM—1) The temperature/ 
time curve of a chemickl reaction 
giving off heat, particularly the 
polymerization of casting resins. 
2) The amount of heat given off. 
The term has not been standard- 
ized with respect to sample size, 
ambient temperature, degree of 
mixing, etc. 


EXPANDED PLASTICS — See 
Foamed Plastics 


EXTENDER—A substance, generally 
having some _ adhesive action, 
added to a plastic composition to 
reduce the amount of the primary 
resin required per unit area. 


EXTRUDATE—The product or ma- 
terial delivered by an extruder, 
such as film, pipe, the coating on 
wire, etc. 


EXTRUSION—The compacting of a 
plastic material and the forcing of 
it through an orifice in more or 
less continuous fashion. 


F 


FABRICATE—To work a material 
into a finished form by machining, 
forming, or other operation or to 
make flexible film or sheeting into 


end-products by sewing, cutting. 


sealing, or other operation. 


FAMILY MOLD—A kind of multi- 
cavity mold (q.v.) in which the 
various cavities yield components 
of an assembly. 


FATTY ACID—An organic acid ob- 
tained by the hydrolysis (saponifi- 
cation) of natural fats and oils, 
e.g., stearic and palmitic acids. 
These acids are monobasic, may or 
may not have some double bonds, 
contain 16 or more C atoms. 


FILAMENT—A variety of fiber 
characterized by extreme length, 
which permits its use in yarn with 
little or no twist and usually with- 
out the spinning operation re- 
quired for fibers. 


FILLER—A cheap, inert substance 
added to a plastic to make it less 
costly. Fillers may also improve 
physical properties, particularly 
hardness, stiffness, and impact 
strength. The particles are usually 
small, in contrast to those of re- 
inforcements (q.v.), but there is 
some overlap between the func- 
tions of the two. 


FILLET—A rounded filling of the 
internal angle between two sur- 
faces of a plastic molding. 


FILM—An optional term for sheet- 
ing having a nominal thickness 
not greater than 0.010 inch. 


FIN—The web of material remain- 
ing in holes or openings in a 
molded part which must be re- 
moved in finishing. 


FINES—Very small particles (usu- 
ally under 200 mesh) accompany- 
ing larger grains, usually of mold- 
ing powder. 


FLAME SPRAYING—Method of ap- 
plying a plastic coating in which 
finely powered fragments of the 
plastic, together with suitable 
fluxes, are projected through a 
cone of flame onto a surface. 


FLAKE—Used to denote the dry, 
unplasticized base of cellulosic 
plastics. 


FLAMMABILITY—Measure of the 
extent to which a material will 
support combustion. 


FLASH—Extra plastic attached to a 
molding along the parting line; it 
must be removed before the part 
can be considered finished. 


FLASH LINE—A raised line ap- 
pearing on the surface of a mold- 
ing and formed at the junction of 
mold faces. 


FLASH MOLD—A mold designed to 
permit excess molding material to 
escape during closing. 


FLEXIBLE MOLDS—Molds made 
of rubber or elastomeric plastics 
used for casting plastics. They can 
be stretched to remove cured 
pieces with undercuts. 


FLEXIBLE RESIN—A resin that is, 
in comparison with others under 
consideration, less stiff. Loosely, 
any material in which the modu- 
lus of elasticity is so low that it is 
of no practical importance. 


FLEXIBILIZER—An additive that 
makes a resin or rubber more flex- 
ible, i.e., less stiff. Also a plas- 
ticizer. 

FLEXURAL STRENGTH — The 
strength of a material in bending, 
expressed as the tensile stress of 
the outermost fibers of a bent test 
sample at the instant of failure. 
With plastics, this value is usually 
higher than the straight tensile 
strength. 


FLOATING PLATEN—A platen lo- 
cated between the main head and 
the press table in a multi-day- 
light press and capable of being 
moved independently of them. 


FLOW—A _ qualitative description 
of the fluidity of a plastic material 
during the process of molding. 


FLOW LINE (weld line)—A mark 
on a molded piece made by the 
meeting of two flow fronts during 
molding. 


FLOW MARK—A mark made by the 
freezing-in of a visible flow pat- 
tern. 


FOAMED PLASTICS—Resins in 
sponge form. The sponge may be 
flexible or rigid, the cells closed 
or interconnected, the density any- 
thing from that of the solid parent 
resin down to, in some cases, 2 
lb./cu. foot. Compressive strength 
of rigid foams is fair, making them 
useful as core materials for sand- 
wich structures. Both types are 
good heat barriers. 


FOAMING AGENTS — Chemicals 
added to plastics and rubbers that 
generate inert gases on heating, 
causing the resin to assume a cel- 
lular structure. 


FORCE PLATE—The plate that car- 
ries the plunger or force plug of 
a mold and guide pins or bush- 
ings. Since it is usually drilled for 
steam or water lines, it is also 
called the Steam Plate. 
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FORCE PLUG—The portion of a 
mold that enters the cavity block 
and exerts pressure on the mold- 
ing compound, designated as Top 
Force or Bottom Force by posi- 
tion in the assembly; also called 
Plunger or Piston. 


FULLY AUTOMATIC PRESS—A 
hydraulic press for compression 
molding, or an injection molding 
machine, which operates continu- 
ously, the timing of the operations 
being controlled mechanically, 
electrically, hydraulically, or by a 
combination of any one of these 
methods. 


FURAN RESINS—Dark colored, 
thermosetting resins available pri- 
marily as liquids ranging from 
low-viscosity polymers to thick, 
heavy sirups. 


FUSE—In plastisol molding, to heat 
the plastisol to the temperature at 
which it becomes a single homoge- 
neous phase. In this sense, Cure 
is the same as Fuse. 


GATE—In injection and _ transfer 
molding, the orifice through which 
the melt enters the cavity. Some- 
times the gate has the same cross- 
section as the runner leading to 
it; often, it is severely restricted. 


GEL (n.)—A semi-solid system con- 
sisting of a network of solid ag- 
gregates in which liquid is held. 


GEL COAT—A thin, outer layer of 
resin, sometimes containing pig- 
ment, applied to a reinforced plas- 
tics molding as a cosmetic. 


GRANULAR STRUCTURE—Non- 
uniform appearance of finished 
plastic material due to retention 
of, or incomplete fusion of, parti- 
cles of composition, either within 
the mass or on the surface. 


GUIDE PINS—Devices that main- 
tain proper alignment of force 
plug and cavity as mold closes. 


GUM (n.)—Any of a class of col- 
loidal substances, exuded by or 
prepared from plants, sticky when 
moist, composed of complex car- 
bohydrates and organic acids, 
which are soluble or swell in 
water. The term Gum is sometimes 
used loosely to denote various ma- 
terials that exhibit gummy char- 
acteristics under certain condi- 
tions, i.e., gum balata, gum ben- 
zoin, and gum asphaltum. Gums 
are included by some in the cate- 
gory of natural resins. 
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HARDENER—A substance or mix- 
ture of substances added to plas- 
tic composition, or an adhesive to 
promote or control the curing re- 
action by taking part in it. The 
term is also used to designate a 
substance added to control the de- 
gree of hardness of the cured film. 
See also Catalyst. 


HEAT-DISTORTION POINT—The 
temperature at which a standard 
test bar (ASTM D648) deflects 
0.010 in. under a stated load of 
either 66 or 264 p.s.i. 


HEAT-SEALING—A _ method of 
joining plastic films by simultane- 
ous application of heat and pres- 
sure to areas in contact. Heat may 
be supplied conductively or dielec- 
trically. 


HEATING CHAMBER—lIn injection 
molding, that part of the machine 
in which the cold feed is reduced 
to a hot melt. Also Heating Cylin- 
der. 


H.F. PREHEATING—See Dielectric 
Heating. 


HIGH-PRESSURE LAMINATES— 
Laminates molded and cured at 
pressures not lower than 1000 ps.i. 
and more commonly in the range 
of 1200 to 2000 p.s.i. 


HOB—A master model in hardened 
steel used to sink the shape of a 
mold into a soft steel block. 


HOBBING—Forming multiple mold 
cavities by forcing a hob (q.v.) 
into soft steel (or beryllium-cop- 
per) cavity blanks. 


HONEYCOMB—Manufactured prod- 
uct consisting of sheet metal or a 
resin-impregnated sheet material 
(paper, fibrous glass, etc.) which 
has been formed into hexagonal- 
shaped cells. Used as core mate- 
rial for sandwich constructions. 


HOPPER—Conical feed reservoir in- 
to which molding powder is loaded 
and from which it falls into a 
molding machine or extruder, 
sometimes through a metering de- 
vice, 


HOPPER DRYER—A combination 
feeding and drying device for ex- 
trusion and injection molding of 
thermoplastics. Hot air flows up- 
ward through the hopper contain- 
ing the feed pellets. 


HOPPER LOADER—A curved pipe 
through which molding powders 
are pneumatically conveyed from 
shipping drums to machine hop- 
pers. 


HOT-RUNNER MOLD—A mold in 


which the runners are insulated 
from the chilled cavities and are 
kept hot. Parting line is at gate of 
cavity, runners are in separate 
plate(s), so they are not, as is the 
case usually, ejected with the 
piece. 


HOT-STAMPING—Engraving  op- 


eration for marking plastics in 
which roll leaf is stamped with 
heated metal dies onto the face of 
the plastics. Ink compounds can 
also be used. By means of felt 
rolls, ink is applied to type and 
by means of heat and pressure, 
type is impressed into the mate- 
rial, leaving the marking com- 
pound in the indentation. 


HYDROGENATION — _ Chemical 
process whereby hydrogen is in- 
troduced into a compound. 


HYDROLYSIS—Chemical decom- 


position of a substance involving 
the addition of water. 


HYGROSCOPIC—Tending to absorb 


moisture. 


IMPACT RESISTANCE—Relative 


susceptibility of plastics to frac- 
ture by shock, e.g., as indicated by 
the energy expended by a stand- 
ard pendulum type impact ma- 
chine in breaking a_ standard 
specimen in one blow. 


IMPACT STRENGTH—1) The abil- 


ity of a material to withstand 
shock loading. 2) The work done 
in fracturing, under shock load- 
ing, a specified test specimen in a 
specified manner. 


INFRA-RED—Part of the electro- 


magnetic spectrum between the 
visible light range and the radar 
range. Radiant heat is in this range, 
and infra-red heaters are much 
used in sheet thermoforming. 


INHIBITOR—A substance that slows 


down chemical reaction. Inhibitors 
are sometimes used in certain 
types of monomers and resins to 
prolong storage life. 


INJECTION MOLD—A mold into 


which a plasticated material is in- 
troduced from an exterior heat- 
ing cylinder. 


INJECTION MOLDING—A molding 


procedure whereby a _ heat-soft- 
ened plastic material is forced 
from a cylinder into a relatively 
cool cavity which gives the article 
the desired shape. 





INJECTION PRESSURE—The pres- 
sure on the face of the injection 
ram at which molding material is 
injected into a mold. It is usually 
expressed in p.s.i. 


INJECTION RAM—The ram which 
applies pressure to the plunger in 
the process of injection molding or 
transfer molding. 


INSERT—An integral part of a 
plastics molding consisting of 
metal or other material which 
may be molded into position or 
may be pressed into the molding 
after the molding is completed. 


INTRINSIC VISCOSITY—The in- 
trinsic viscosity of a polymer is 
the limiting value at infinite dilu- 
tion of the ratio of the specific 
viscosity of the polymer solution 
to its concentration in mols per 
liter. 

= Lim“ 
where 7: = intrinsic viscosity, ns» 
= specific viscosity, c = concen- 
tration in moles per liter. Intrinsic 
viscosity is usually estimated by 
determining the specific viscosity 
at several low concentrations and 
extrapolating the values of 7,» to 
“e. 

c = 0. The concentration is ex- 
pressed in terms of the repeating 
unit. In the case of polystyrene the 
repeating unit is — CH, — CH 
(C.H,)—and has a _ molecular 
weight of 104. 


ION EXCHANGE RESINS—Small 
granular or bead-like particles 
containing acidic or basic groups, 
which will trade ions with salts in 
solutions. Generally used for soft- 
ening and purifying water. 


IRRADIATION (ATOMIC)—As ap- 
plied to plastics, refers to bom- 
bardment with a variety of sub- 
atomic particles, generally alpha-, 
beta-, or gamma-rays. Atomic 
irradiation has been used to initi- 
ate polymerization and copoly- 
merization of plastics and in some 
cases to bring about changes in 
the physical properties of a plas- 
tic material. 


J 


JACKET—An_ enveloping hollow 
metal cover for holding circulating 
steam or water used to heat or 
cool the mechanism it covers 
(such as a mixing vessel, mold, or 
platen). 


JET MOLDING tech- 
nique characterized by the fact 
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that most of the heat is applied to 
the material as it passes through 
the nozzle or jet, rather than in a 
heating cylinder as is done in con- 
ventional processes. 


JIG—Tool for holding component 
parts of an assembly during the 
manufacturing process, or for 
holding other tools. Also called a 
Fixture. 


KNIT LINES—See Weld Mark. 


KNOCKOUT PIN—A device for 
knocking a cured piece from a 
mold. Also called Ejector Pin. 


L 


LACQUER—Solution of natural or 
synthetic resins, etc, in readily 
evaporating solvents, which is used 
as a protective coating. 


LAMINATED PLASTICS (Synthetic 
Resin-Bonded Laminate, Lamin- 
ate)—A plastics material consist- 
ing of superimposed layers of a 
synthetic resin-impregnated or 
-coated filler which have been 
bonded together, usually by means 
of heat and pressure, to form a 
single piece. 


LAMINATED WOOD—A bonded 
wood product composed of layers 
of wood. This generic term covers 
all orientations of grain of the 
various layers of wood. The term 
Plywood covers a form of lam- 
inated wood in which successive 
layers of veneer are ordinarily 
cross laminated, the core of which 
may be veneer or sawn lumber in 
one piece or several pieces. See 
Cross Laminated, Parallel Lam- 
inated, and Plywood. 


LAMINATION—The process’ of 
preparing a laminate. Also any 
layer in a laminate. 


LAND—1) The horizontal bearing 
surface of a semipositive or flash 
mold by which excess material 
escapes. See Cut-off. 2) The bear- 
ing surface along the tov of the 
flights of a screw in a screw ex- 
truder; 3) the surface of an extru- 
sion die parallel to the direction of 
melt flow. 

LAY-UP (n.)—As used in rein- 
forced plastics, the reinforcing 
material placed in position in the 
mold; also the resin-impregnated 
reinforcement. (v.)—The process 


of placing the reinforcing material 
in position in the mold. 


LIGNIN—A naturally occurring res- 


in found in wood and other vege- 
tation as the binding agent for 
the cellulosic structure. 


LINEAR MOLECULE—A long chain 


molecule as contrasted to one hav- 
ing many side chains or branches. 


LINTERS—Short fibers that adhere 
to the cotton seed after ginning. 
Used in rayon manufacture, as 
fillers for plastics, and as a base 
for the manufacture of cellulosic 
plastics. 


LOADING TRAY (Charging tray) — 
A device in the form of a specially 
designed tray which is used to 
load the charge simultaneously 
into each cavity of a multi-cavity 
mold by the withdrawal of a slid- 
ing bottom from the tray. 


LOSS FACTOR—The product of 
the power factor and the dielec- 
tric constant. 


LOW PRESSURE LAMINATES—In 
general, laminates molded and 
cured in the range of pressures 
from 400 p.s.i. down to and includ- 
ing pressures obtained by the 
mere contact of the plies. 


LUBRICANT BLOOM—An irregu- 
lar, cloudy, greasy film on a plas- 
tic surface. 


MACERATE—(v.) To chop or shred 
fabric for use as a filler for a mold- 
ing resin. (n.) The molding com- 
pound obtained when so filled. 

MACROMOLECULE—The large 
(“giant”) molecules which make 
up the high polymers. 

MANDREL—1) 
which 


The core around 
fabric, or resin- 
impregnated fibrous glass is wound 
to form pipes or tubes. 2) In ex- 
trusion, the central finger of a pipe 
or tubing die. 


MAT—A randomly distributed felt 
of glass fibers used in reinforced 
plastics lay-up molding. 


MATERIAL WELL—Space provided 
in a compression or transfer mold 
to care for bulk factor. 


MATCHED METAL MOLDING— 
Method of molding reinforced 
plastics between two close-fitting 
metal molds mounted in a hy- 
draulic press. 


paper, 


MECHANICAL ADHESION—Adhe- 
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sion between surfaces in which 
the adhesive holds the parts to- 
gether by interlocking action. See 
also Specific Adhesion. 


MELAMINE FORMALDEHYDE 
RESIN—Classified as a synthetic 
resin derived from the reaction 
of melamine (2,4,6-triamino-1,3,5, 
triazine) with formaldehyde or its 
polymers. 


MER—The repeating structural unit 
of any high polymer. 


METALIZING—Applying a_ thin 
coating of metal to a nonmetallic 
surface. May be done by chemical 
deposition or by exposing the sur- 
face to vaporized metal in a vac- 
uum chamber. 


MIGRATION OF PLASTICIZER— 
Loss of plasticizer from an elas- 
tomeric plastic compound with 
subsequent absorption by an ad- 
jacent medium of lower plasti- 
cizer concentration. 


MODIFIED WOOD—Any wood the 
properties of which have been 
improved by chemical, thermal, 
and/or compression treatment. 


MODULUS OF ELASTICITY—The 
ratio of stress to strain in a mate- 
rial that is elastically deformed. 


MOLD (v.)—To shape plastic parts 


or finished articles by heat and 
pressure. (n.)—1) The cavity or 
matrix into which the plastic com- 
position is placed and from which 
it takes its form. 2) The assembly 
of all the parts that function col- 
lectively in the molding process. 


MOLD RELEASE—See 
Agent. 


Parting 


MOLDING—Sometimes used to de- 
note finished piece. 


MOLDING CYCLE—1) The period 
of time occupied by the complete 
sequence of operations on a moid- 
ing press requisite for the produc- 
tion of one set of moldings. 2) The 
operations necessary to produce a 
set of moldings without reference 
to the time taken. 


MOLDING POWDER—Plastic ma- 
terial in varying stages of granu- 
lation, and comprising resin, filler, 
pigments, plasticizers, and other 
ingredients, ready for use in the 
molding operation. 


MOLDING PRESSURE—The pres- 
sure applied to the ram of an in- 
jection machine or press to force 
the softened plastic completely to 
fill the mold cavities. 


MOLDING SHRINKAGE (Mold 
Shrinkage, Shrinkage, Contraction) 
—The difference in dimensions, 
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NONRIGID 


NOVOLAC—A 


expressed in inches per inch, be- 
tween a molding and the mold 
cavity in which it was molded, 
both the mold and the molding 
being at normal room temperature 
when measured. 


MONOFILAMENT (Monofil)—A 


single filament of indefinite length. 
Monofilaments are generally pro- 
duced by extrusion. Their out- 
standing uses are in the fabrica- 
tion of bristles, surgical sutures, 
fishing leaders, tennis-racquet 
strings, screen materials, ropes 
and nets; the finer monofilaments 
are woven and knitted on textile 
machinery. 


MONOMER—A relatively simple 


compound which can react to form 
a polymer. See also Polymer. 


MULTI-CAVITY MOLD—A mold 


with two or more mold impres- 
sions, i.e., a mold which produces 
more than one molding per mold- 
ing cycle. 


NEST PLATE—A retainer plate with 


a depressed area for cavity blocks 
used in injection molding. 


NONPOLAR—Having no concentra- 


tions of electrical charge on a 
molecular scale, thus, incapable of 
significant dielectric loss. Exam- 
ples among resins are polystyrene 
and polyethylene. 


PLASTIC—A non- 
rigid plastic is one which has a 
stiffness or apparent modulus of 
elasticity of not over 50,000 p.s.i. 
at 25° C. when determined accord- 
ing to ASTM test procedure 
D747-43 T. 


NOTCH SENSITIVITY—The extent 


to which the sensitivity of a mate- 
rial to fracture is increased by the 
presence of a surface inhomogene- 
ity such as a notch, a sudden 
change in section, a crack, or a 
scratch. Low notch sensitivity is 
usually associated with ductile 
materials, and high notch sensitiv- 
ity with brittle materials. 


phenolic-aldehyde 
resin which, unless a source of 
methylene groups is added, re- 
mains permanently thermoplastic. 
See also Resinoid and Thermo- 
plastic. 


NOZZLE—The hollow cored metal 


nose screwed into the extrusion 
end of a) the heating cylinder of 
an injection machine or b) a 
transfer chamber where this is a 


OIL-SOLUBLE 


separate structure. A nozzle is de- 
signed to form under pressure a 
seal between the heating cylinder 
or the transfer chamber and the 
mold. The front end of a nozzle 
may be either flat or spherical in 
shape. 


NYLON—The generic name for all 


synthetic fiber-forming  poly- 
amides; they can be formed into 
monofilaments and yarns charac- 
terized by great toughness, 
strength and elasticity, high melt- 
ing point, and good resistance to 
water and chemicals. The material 
is widely used for bristles in in- 
dustrial and domestic brushes, 
and for many textile applications; 
it is also used in injection molding 
gears, bearings, combs, etc. 


Oo 


RESIN — Resin 
which at moderate temperatures 
will dissolve in, disperse in, or re- 
act with, drying oils to give a 
homogeneous film of modified 
characteristics. 


ORANGE-PEEL—Said of injection 


moldings that have unintentionally 
rugged surfaces. 


ORGANOSOL—A viny] or nylon dis- 


persion, the liquid phase of which 
contains one or more organic sol- 
vents. See also Plastisol. 


OVERLAY SHEET (Surfacing Mat) 


—A nonwoven fibrous mat 
(either in glass, synthetic fiber, 
etc.) used as the top layer in a 
cloth or mat lay-up to provide a 
smoother finish or minimize the 
appearance of the fibrous pattern. 


PANTOGRAPH—A duplicating ma- 


chine used for engraving of plas- 
tics as well as mold components. 
Most pantographs are equipped 
with a variable reducing feature 
permitting the work to be smaller 
than the model while retaining © 
relative dimensions. 


PARALLEL LAMINATED—Lam- 


inated so that all the layers of ma- 
terial are oriented approximately 
parallel with respect to the grain 
or strongest direction in tension. 
See also Cross Laminated. 


PARALLELS—1) Spacers placed be- 


tween the steam plate and press 
platen to prevent the middle sec- 
tion of the mold from bending 
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under pressure. 2) Pressure pads 
or spacers between the steam 
plates of a mold to control height 
when closed and to prevent 
crushing the parts of the mold 
when the land area is inadequate. 


PARTING AGENT—A lubricant, 
often wax, used to coat a mold 
cavity to prevent the molded piece 
from sticking to it, and thus to 
facilitate its removal from the 
mold. Also called Release Agent. 


PARTING LINE—Mark on a mold- 
ing or casting where halves of 
mold met in closing. 


PASTE—A type of composition 
having a characteristic plastic-type 
consistency, i.e., a high order of 
yield value, such as that of a paste 
prepared by heating a mixture of 
starch and water and subsequently 
cooling the hydrolized product. 


PERMANENT SET—The increase in 
length, expressed in a percentage 
of the original length, by which 
an elastic material fails to return 
to original length after being 
stressed for a standard period of 
time. 


PERMEABILITY—1) The passage 
or diffusion of a gas, vapor, liquid, 
or solid through a barrier without 
physically or chemically affecting 
it. 2) The rate of such passage. 


pH—The measure of the acidity or 
alkalinity of a substance, neutral- 
ity being at pH 7. Acid solutions 
are under 7, alkaline solutions 
over 7. 


PHENOLIC RESIN—A _ synthetic 
resin produced by the condensation 
of an aromatic alcohol with an 
aldehyde, particularly of phenol 
with formaldehyde. 

Phenolic resins form the basis of 
thermosetting molding materials, 
laminated sheet, and stoving var- 
nishes. They are also used as im- 
pregnating agents and as compo- 
nents of paints, varnishes, lac- 
quers, and adhesives. 


PILL—See Preform. 


PITCH—A _ dark-colored, fusible, 
more or less viscous to solid bitu- 
minous or resinous substance. 


PLASTIC—(n.) One of many high- 
polymeric substances, including 
both natural and synthetic prod- 
ucts, but excluding the rubbers. 
At some stage in its manufacture 
every plastic is capable of flow- 
ing, under heat and pressure, if 
necessary, into the desired final 
shape. (a.) Made of a plastic; ca- 
pable of flow under pressure or 
tensile stress. 


PLASTIC DEFORMATION—A 
change in dimensions of an object 
under load that is not recovered 
when the load is removed; opposed 
to elastic deformation. 


PLASTICS TOOLING—Tools, e.g., 
dies, jigs, fixtures, etc. for the 
metal forming trades constructed 
of plastics, generally laminates or 
casting materials. 


PLASTICATE—To soften by heat- 
ing or kneading. Synonyms are: 
plastify, flux, and, (imprecisely) 
plasticize (q.v.). 


PLASTICITY—The quality of being 
able to be shaped by plastic flow. 


PLASTICIZE—To soften a material 
and make it plastic or moldable, 
either by means of a plasticizer or 
the application of heat. 


PLASTICIZER—Chemical agent 
added to plastic compositions to 
make them softer and more flex- 
ible. 


PLASTIGEL—A plastisol exhibiting 
gel-like flow properties. 


PLASTISOLS—Mixtures of resins 
and plasticizers which can be 
molded, cast, or converted to con- 
tinuous films by the application of 
heat. If the mixtures contain vol- 
atile thinners also, they are known 
as Organosols. 


PLATENS—tThe mounting plates of 
a press to which the entire mold 
assembly is bolted. 


PLUG-AND-RING — Method of 
sheet forming in which a plug, 
functioning as a male mold, is 
forced into a heated plastic sheet 
held in place by a clamping ring. 


PLUNGER—See Force Plug. 


PLYWOOD—A bonded wood prod- 
uct composed of laminated ve- 
neers, in which the grain of the 
layers of veneer are arranged in a 
nonparallel orientation; the usual 
arrangement is with the grain of 
successive plies at right angles. 


POLAR—See Nonpolar. 


POLYAMIDE—A polymer in which 
the structural units are linked by 
amide or thio-amide groupings 
Many polyamides are fiber-form- 
ing. 


POLYCONDENSATION—See Con- 
densation. 


POLYESTER—A resin formed by 
the reaction between a dibasic acid 
and a dihydroxy alcohol, both or- 
ganic. Modification with multi- 
functional acids and/or bases and 
some unsaturated reactants permit 
cross-linking to thermosetting 


resins. Polyesters modified with 
fatty acids are called Alkyds. 


POLYETHYLENE (Polythene)—A 
thermoplastic material composed 
of polymers of ethylene. It is nor- 
mally a translucent, tough, waxy 
solid which is unaffected by water 
and by a large range of chem- 
icals. It is a particularly good in. 
sulating material with low power 
factor and low dielectric con- 
stant, high resistivity, and high 
dielectric strength. An outstanding 
application is in cable manufac- 
ture. It is also applied in such 
uses as chemical plant, packaging, 
and for decorative purposes. 


POLYISOBUTYLENE—The  poly- 
merization product of isobutylene. 
It varies in consistency from a vis- 
cous liquid to a rubber-like solid 
with corresponding variation in 
molecular weight from 1000 to 
400,000. 


POLYLINER—A perforated longi- 
tudinally ribbed sleeve that fits 
inside the cylinder of an injection 
molding machine; used as a re- 
placement for conventional injec- 
tion cylinder torpedos. 


POLYMER—A high-molecular- 
weight organic compound, natural 
or synthetic, whose structure can 
be represented by a repeated small 
unit, the mer; e.g. polyethylene, 
rubber, cellulose. Synthetic poly- 
mers are formed by addition or 
condensation polymerization of 
monomers. If two or more mono- 
mers are involved, a copolymer is 
obtained. Some polymers are elas- 
tomers, some plastics. 


POLYMERIZATION—A ___ chemical 
reaction in which the molecules of 
a monomer are linked together to 
form large molecules whose mo- 
lecular weight is a multiple of 
that of the original substance. 
When two or more monomers are 
involved, the process is called co- 
polymerization or heteropolymer- 
ization. See also Degree of, Con- 
densation, and Polymer. 


POLYMETHYL METHACRYLATE 
—A thermoplastic material com- 
posed of polymers of methyl 
methacrylate. It is a transparent 
solid with exceptional optical 
properties and good resistance to 
water. It is obtainable in the form 
of sheets, granules, solutions, and 
emulsions. It is extensively used 
for aircraft domes, lighting fix- 
tures, decorative articles, etc.; it 
is also used in optical instruments 
and surgical appliances. 


POLYSTYRENE—A _ water-white 
thermoplastic produced by the 
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polymerization of styrene (vinyl 
benzene). The electrical insula- 
ting properties of polystyrene are 
outstandingly good and the mate- 
rial is relatively unaffected by 
moisture. In particular the power 
loss factor is extremely low over 
the frequency range 10°-10* cps. 


POLYVINYL ACETATE—A ther- 
moplastic material composed of 
polymers of vinyl acetate in the 
form of a colorless solid. It is ob- 
tainable in the form of granules, 
solutions, latices, and pastes, and is 
used extensively in adhesives, for 
paper and fabric coatings, and in 
bases for inks and lacquers. 


POLYVINYL ALCOHOL—A ther- 
moplastic material composed of 
polymers of the hypothetical vinyl 
alcohol. Usually a colorless solid, 
insoluble in most organic solvents 
and oils, but soluble in water 
when the content of hydroxy 
groups in the polymer is suffi- 
ciently high. 

The product is normally granu- 
lar. It is obtained by the partial 
hydrolysis or by the complete hy- 
drolysis of polyvinyl esters, usu- 
ally by the complete hydrolysis of 
polyvinyl acetate. It is mainly 
used for adhesives and coatings. 


POLYVINYL BUTYRAL—A ther- 
moplastic material derived from a 
polyvinyl ester in which some or 
all of the acid groups have been 
replaced by hydroxyl groups and 
some or all of these hydroxyl 
groups replaced by butyral groups 
by reaction with butyraldehyde. 
It is a colorless flexible tough 
solid. 

It is used primarily in inter- 
layers for laminated safety glass. 


POLYVINYL CHLORIDE (PVC) 
—A thermoplastic material com- 
posed of polymers of vinyl chlo- 
ride; a colorless solid with out- 
standing resistance to water, alco- 
hols, and concentrated acids and 
alkalies. It is obtainable in the 
form of granules, solutions, latices, 
and pastes. Compounded with plas- 
ticizers it yields a flexible mate- 
rial superior to rubber in aging 
properties. It is widely used for 
cable and wire coverings, in chem- 
ical plants, and in the manufac- 
ture of protective garments. 


POLYVINYL CHLORIDE ACE- 
TATE—A thermoplastic material 
composed of copolymers of vinyl 
chloride and vinyl acetate; a color- 
less solid with good resistance to 
water, and concentrated acids and 
alkalies. 

It is obtainable in the form of 
granules, solutions, and emulsions. 
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Compounded with plasticizers it 
yields a flexible material superior 
to rubber in aging properties. It is 
widely used for cable and wire 
coverings, in chemical plants, and 
in protective garments. 


POLYVINYLIDENE CHLORIDE— 
A thermoplastic material com- 
posed of polymers of vinylidene 
chloride (1,1-dichloroethylene). It 
is a white powder with softening 
temperature at 185-200° C. The 
material is also supplied as a 
copolymer with acrylonitrile or 
vinyl chloride, giving products 
which range from the soft flexible 
type to the rigid type. Also known 
as saran. 


POSITIVE MOLD—A mold de- 
signed to trap all the molding ma- 
terial when it closes. 


POSTFORMING — The forming, 
bending, or shaping of fully cured, 
C-stage thermoset laminates that 
have been heated to make them 
flexible. On cooling, the formed 
laminate retains the contours and 
shape of the mold over which it 
has been formed. 


POT LIFE—See Working Life. 


POTTING—Similar to Encapsulating 
(q.v.), except that steps are taken 
to insure complete penetration of 
all the voids in the object before 
the resin polymerizes. 


POWER FACTOR—In a perfect con- 
denser, the current leads the volt- 
age by 90°. When a loss takes place 
in the insulation, the absorbed 
current, which produces heat, 
throws the 90° relationship out ac- 
cording to the proportion of cur- 
rent absorbed by the dielectric. The 
power factor is the cosine of the 
angle between voltage applied and 
the current resulting. Measure- 
ments are usually made at million- 
cycle frequencies. 


PRECIPITATE (n.)—Material which 
is separated out of a_ solu- 
tion in the form of a solid. (v.)— 
Act of separating out such solid 
by either physical or chemical 
means. 


PREFORM (n.)—A compressed 
tablet or biscuit of plastic composi- 
tion used for efficiency in handling 
and accuracy in weighing mate- 
rials. (v.)—To make plastic mold- 
ing powder into pellets or tablets. 


PREHEATING—The heating of a 
compound prior to molding or cast- 
ing in order to facilitate the op- 
eration or to reduce the molding 
cycle. 


PREIMPREGNATION—The practice 


PREMIX—In 


of mixing resin and reinforcement 
before shipping it to the molder. 


reinforced plastics 
molding, the material made by “do- 
it-yourselfers,” molders, or end- 
users who purchase polyester or 
phenolic resin, reinforcement, fill- 
ers, etc., separately and mix the 
reinforced molding compounds on 
their own premises. 


PREPLASTICATION—Technique of 


premelting injection molding 
powders in a separate chamber, 
then transferring the melt to the 
injection cylinder. Device used for 
preplastication is commonly known 
as a preplasticizer. See Plasticate. 


PREPLASTICIZE (Preplasticizer)— 


See Preplastication 


PREPREG—A term generally used in 


reinforced plastics to mean the 
reinforcing material containing or 
combined with the full complement 
of resin before molding. 


PREPRINTING—In sheet thermo- 


forming, the distorted printing of 
sheets before they are formed. 
During forming the print assumes 
its proper proportions. 


PRESS POLISH—A finish for sheet 


stock produced by contact, under 
heat and pressure, with a very 
smooth metal which gives the plas- 
tic a high sheen. 


PRESSURE PADS—Reinforcements 


of hardened steel distributed 
around the dead areas in the faces 
of a mold to help the land absorb 
the final pressure of closing with- 
out collapsing. 


PRESSURE-SENSITIVE ADHESIVE 


—An adhesive made so as to ad- 
here to a surface at room tempera- 
ture by briefly applied pressure 
alone. 


PROMOTER—A chemical, itself a 


feeble catalyst, that greatly in- 
creases the activity of a given 
catalyst. 


PULP—A form of cellulose obtained 


from wood or other vegetable mat- 
ter by prolonged cooking with 
chemicals. 


PULP MOLDING—Process by which 


a resin-impregnated pulp material 
is preformed by application of a 
vacuum and subsequently oven 
cured or molded. 


PURGING—Cleaning one color or 


type of material from the cylinder 
of an injection molding machine 
by forcing it out with the new 
color or material to be used in 
subsequent production. Purging 
materials are also available. 
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RAM—See Force Plug. 


RAM TRAVEL—The distance the 
injection ram moves in filling the 
mold, in either injection or trans- 
fer molding. 


REINFORCED MOLDING COM- 
POUND—Compound supplied by 
raw material producer in the form 
of ready-to-use materials; as dis- 
tinguished from premix (q.v.). 


REINFORCEMENT—a strong inert 
material bound into a plastic to 
improve its strength, stiffness, and 
impact resistance. Reinforcements 
are usually long fibers of glass, 
sisal, cotton, etc—in woven or 
non-woven form. To be effective, 
the reinforcing material must form 
a strong adhesive bond with the 
resin. 


RELATIVE HUMIDITY—Ratio of 
the quantity of water vapor pres- 
ent in the air to the quantity 
which would saturate it at any 
given temperature. 


RELATIVE VISCOSITY—The rela- 
tive viscosity of a polymer in solu- 
tion is the ratio of the absolute 
viscosities of the solution (of stated 
concentration) and of the pure 
solvent at the same temperature. 


n 
1>-— 
No 
where n, = relative viscosity, n= 
absolute viscosity of polymer solu- 
tion, n,= absolute viscosity of 
pure solvent. 


RELEASE AGENT—See Parting 
Agent. 


RESIN—Any of a class of solid or 
semi-solid organic products of 
natural or synthetic origin, gen- 
erally of high molecular weight 
with no definite melting point. 
Most resins are polymers (q.v.). 


RESINOID—Any of the class of 
thermosetting synthetic resins, 
either in their initial temporarily 
fusible state or in their final in- 
fusible state. Compare with Ther- 
mosetting. 


RESIN POCKET—An apparent ac- 
cumulation of excess resin in a 
small, localized section visible on 
cut edges of molded surfaces. 


RESISTIVITY—The ability of a ma- 
terial to resist passage of electrical 
current either through its bulk or 
on a surface. The unit of volume 
resistivity is the ohm-cm., of sur- 
face resistivity, the ohm. 


RESTRICTED GATE—A very small 
orifice between runner and cavity 
in an injection or transfer mold. 
When the piece is ejected, this 
gate breaks cleanly, simplifying 
separation of runner from piece. 


RETAINER PLATE—The plate on 
which demountable pieces, such as 
mold cavities, ejector pins, guide 
pins, and bushings are mounted 
during molding; usually drilled for 
steam or water. 


RETARDER—See Inhibitor. 


RIB—A reinforcing member of a 
fabricated or molded part. 


RIGID PVC—Polyvinyl chloride or 
a polyvinyl chloride/acetate co- 
polymer characterized by a rela- 
tively high degree of hardness; it 
may be formulated with or with- 
out a small percentage of plas- 
ticizer. 


RIGID RESIN—One having a mod- 
ulus high enough to be of practical 
importance, e.g., 10,000 p.s.i. or 
greater. 


ROOM-TEMPERATURE-CURING 
ADHESIVES—Adhesives that set 
to handling strength within an 
hour at temperatures from 68 to 
86° F., and later reach full strength 
without heating. 


ROSIN—A resin obtained as a resi- 
due in the distillation of crude tur- 
pentine from the sap of the pine 
tree (gum rosin) or from an ex- 
tract of the stumps and other parts 
of the tree (wood rosin). 


ROTATIONAL CASTING (or mold- 
ing)—A method used to make hol- 
low articles from plastisols and 
latices. Plastisol is charged into 
hollow mold capable of being ro- 
tated in one or two planes. The hot 
mold fuses the plastisol into a gel 
after the rotation has caused it to 
cover all surfaces. The mold is 
then chilled and the product strip- 
ped out. 


ROVING—A form of fibrous glass in 
which spun strands are woven into 
a tubular rope. The number of 
strands is variable but 60 is usual. 
Chopped roving is commonly used 
in preforming. 


RUBBER—An elastomer capable of 
rapid elastic recovery after being 
stretched to at least twice its 
length at temperatures from 0 to 
150° F. at any humidity. Specifi- 
cally, Hevea or natural rubber, the 
standard of comparison for elas- 
tomers. 


RUNNER—In an injection or trans- 
fer mold, the channel, usually cir- 
cular, that connects the sprue with 
the gate to the cavity. 


SANDWICH CONSTRUCTIONS— 


Panels composed of a lightweight 
core material—honeycomb, foamed 
plastic, etc, q.v.—to which two 
relatively thin, dense, high strength 
faces or skins are adhered. 


SATURATED COMPOUNDS—Or- 
ganic compounds which do not 
contain double or triple bonds and 
thus cannot add on elements or 
compounds. 


SCRAP—Any product of a molding 
operation that is not part of the 
primary product. In compression 
molding, this includes flash, culls, 
runners, and is not reusable as 
a molding compound. Injection 
molding and extrusion scrap (run- 
ners, rejected parts, sprues, etc.) 
can usually be reground and re- 
molded. 


SEGREGATION—A close succession 
of parallel, relatively narrow and 
sharply defined, wavy lines of color 
on the surface of a plastic which 
differ in shade from surrounding 
areas, and create the impression 
that the components have sep- 
arated. 


SEMI - AUTOMATIC MOLDING 
MACHINE—Any molding machine 
in which some part, but not all, of 
the molding cycle is carried out 
without the direct attention of a 
human. 


SEMIPOSITIVE MOLD—A _ mold 
which allows a small amount of 
excess material to escape when it 
it closed. See Flash Mold, Positive 
Mold. 


SET—To convert a liquid resin or 
adhesive into a solid state by cur- 
ing (q.v.) or by evaporation of 
solvent or suspending medium, or 
by gelling. 


SETTING TEMPERATURE—The 
temperature to which a liquid 
resin, an adhesive, or products or 
assemblies involving either is sub- 
jected to set the resin or adhesive. 


SETTING TIME—The period of time 
during which a molded or extruded 
product, an assembly, etc., is sub- 
jected to heat and/or pressure to 
set the resin or adhesive. 


SHEAR STRENGTH—a) The ability 
of a material to withstand shear 
stress. b) The stress at which a 
material fails in shear. 
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SHEETER LINES—P arallel 
scratches or projecting ridges dis- 
tributed over a considerable area 
of a plastic sheet. 


SHELF LIFE—See Storage Life. 


SHORT or SHORT SHOT—In in- 
jection molding, failure to fill the 
mold completely. 


SHOT—The yield from one complete 
molding cycle, including scrap. 


SHOT CAPACITY—The maximum 
weight of material which an injec- 
tion machine can inject with one 
forward motion of the ram. 


SHRINK FIXTURE—See Cooling 
Fixture. 


SIDE BARS—Loose pieces used to 
carry one or more molding pins, 
and operated from outside the 
mold. 


SIDE DRAW PINS—Projections 
used to core a hole in a direction 
other than the line of closing of a 
mold, and which must be with- 
drawn before the part is ejected 
from the mold. 


SILICONE—One of the family of 
polymeric materials in which the 
recurring chemical group contains 
silicon and oxygen atoms as links 
in the main chain. At present these 
compounds are derived from silica 
(sand) and methyl chloride. The 
various forms obtainable are char- 
acterized by their resistance to 
heat. 

Silicones are used in the follow- 
ing applications: a) Greases for 
lubrication. b) Rubber-like sheet- 
ing for gaskets, etc. c) Heat-stable 
fluids and compounds for water- 
proofing, insulating, etc. d) Ther- 
mosetting insulating varnishes and 
resins for both coating and lami- 
nating. 

SINK MARK-—A shallow depression 
or dimple on the surface of an in- 
jection molded part due to col- 
lapsing of the surface following 
local internal shrinkage after the 
gate seals. May also be an incipient 
short shot. 


SINKING A MOLD—See Hobbing. 


SINTERING—In forming articles 
from fusible powders, e.g., nylon, 
the process of holding the pressed- 
powder article at a temperature 
just below its melting point for 
about % hour. Particles are fused 
(sintered) together, but the mass, 
as a whole, does not melt. 


SIZING (n.)—The process of apply- 
ing a material to a surface to fill 
pores and thus reduce the absorp- 
tion of the subsequently applied 


PLASTICS GLOSSARY 


adhesive or coating or to other- 
wise modify the surface. Also, the 
surface treatment applied to glass 
fibers used in reinforced plastics. 
The material used is sometimes 
called Size. 


SLIP FORMING—Sheet forming 
technique in which some of the 
plastic sheet material is allowed to 
slip through the mechanically op- 
erated clamping rings during a 
stretch-forming operation. 


SLIP-PLANE—Plane within trans- 
parent material visible in reflected 
light, due to poor welding and 
shrinkage on cooling. 


SLURRY PREFORMING—Method 
of preparing reinforced plastics 
preforms by wet processing tech- 
niques similar to those used in the 
pulp molding (q.v.) industry. 


SLUSH MOLDING—Method for 
casting thermoplastics, in which 
the resin in liquid form is poured 
into a hot mold where a viscous 
skin forms. The excess slush is 
drained off, the mold is cooled, 
and the molding stripped out. 


SNAP-BACK FORMING—Sheet 
forming technique in which an ex- 
tended heated plastic sheet is al- 
lowed to contract over a male form 
shaped to the desired contours. 


SOLUTION—Homogeneous mixture 
of two or more components, such 
as a gas dissolved in a gas or 
liquid, or a solid in a liquid. 


SOLVENT—Any substance, usually 
a liquid, which dissolves other sub- 
stances. 


SOLVENT MOLDING—Process for 
forming thermoplastic articles by 
dipping a male mold in a solution 
or dispersion of the resin and 
drawing off the solvent to leave a 
layer of plastic film adhering to 
the mold. 


SPECIFIC ADHESION—Adhesion 
between two surfaces which are 
held together by valence forces of 
the same type as those which give 
rise to cohesion. See also Mechani- 
cal Adhesion. 


SPECIFIC GRAVITY—The density 
(mass per unit volume) of any 
material divided by that of water 
at a standard temperature, usually 
4° C. Since water’s density is 
nearly 1.00 g./cc., density in g./cc. 
and specific gravity are numeri- 
cally nearly equal. 


SPECIFIC VISCOSITY—The specific 
viscosity of a polymer is the rela- 
tive viscosity of a solution of 


known concentration of the poly- 
mer minus one. It is usually deter- 
mined for a low concentration of 
the polymer (0.5 g. per 100 ml. of 
solution or less). 


NN, 
“sp = _ n,—-1 
No 
where gp = specific viscosity, 
1", = relative viscosity. 


SPINNERET—A type of extrusion 
die, i.e., a metal plate with many 
tiny holes, through which a plastic 
melt is forced to make fine fibers 
and filaments. Filaments may be 
hardened by cooling in air, water, 
etc., or by chemical action. 


SPINNING 
bers by forcing 
through spinneret. 


Process of making fi- 
plastic melt 


SPIN WELDING—A process of fus- 
ing two objects together by forcing 
them together while one of the 
pair is spinning, until frictional 
heat melts the interface. Spinning 
is then stopped and pressure held 
until they are frozen together. 


SPLIT-RING MOLD—A mold in 
which a split cavity block is as- 
sembled in a chase to permit the 
forming of undercuts in a molded 
piece. These parts are ejected from 
the mold and then separated from 
the piece. 


SPRAYED METAL MOLDS—Mold 
made by spraying molten metal 
onto a master until a shell of pre- 
determined thickness is achieved 
Shell is then removed and backed 
up with plaster, cement, casting 
resin, or other suitable material 
Used primarily as a mold in sheet- 
forming processes. 


SPREAD—tThe quantity of adhesive 
per unit joint area applied to an 
adherend. It is preferably ex- 
pressed in pounds of liquid or solid 
adhesive per thousand square feet 
of joint area. Single spread refers 
to application of adhesive to only 
one adherend of a joint. Double 
spread refers to application of 
adhesive to both adherends. 


SPREADER—A streamlined metal 
block placed in the path of flow 
of the plastics material in the 
heating cylinder of extruders and 
injection molding machines to 
spread it into thin layers, thus 
forcing it into intimate contact 
with the heating areas. 


SPRUE—Feed opening provided in 
the injection or transfer mold; also 
the slug formed at this hole. Spur 
is a shop term for the sprue slug. 
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SPRUE BUSHING—A hardened 
steel insert in an injection mold 
which contains the tapered sprue 
hole and has a suitable seat for the 
nozzle of the injection cylinder. 
Sometimes called an Adapter. 


SPRUE LOCK~—In injection molding, 
a portion of the plastic composi- 
tion which is held in the cold slug 
well by an undercut; used to pull 
the sprue out of the bushing as the 
mold is opened. The sprue lock 
itself is pushed out of the mold by 
an ejector pin. When the under- 
cut occurs on the cavity block re- 
tainer plate, this pin is called the 
Sprue Ejector Pin. 


STABILIZER—An ingredient used 
in the formulation of some plastics, 
especially elastomers, to assist in 
maintaining the physical and 
chemical properties of the com- 
pounded materials at their initial 
values throughout the processing 
and service life of the material. 


STAPLE FIBERS—Fibers of spin- 
nable length manufactured directly 
or by cutting continuous filaments 
to short lengths. 


STARVED JOINT—A joint which 
has an insufficient amount of ad- 


hesive to produce a satisfactory 
bond. 


STEAM PLATE—Mounting plate for 
molds, cored for circulation of 
steam. 


STEREOSPECIFIC—Said of certain 
polymerization catalysts that yield 
polymers in which the molecules 
and side groups are arranged in 
orderly, rather than random, fash- 
ion. 


STITCHING—The progressive weld- 
ing of thermoplastic materials by 
successive applications of two 
small mechanically operated elec- 
trodes, connected to the output 
terminals of a radio frequency gen- 
erator, using a mechanism similar 
to that of a normal sewing ma- 
chine. 


STORAGE LIFE—The period of 
time during which a liquid resin 
or packaged adhesive can be stored 
under specified temperature condi- 
tions and remain suitable for use. 
Storage life is sometimes called 
Shelf Life. 


STRETCH FORMING—A plastic 
sheet forming technique in which 
the heated thermoplastic sheet is 
stretched over a mold and subse- 
quently cooled. 


STRIPPER-PLATE—A plate that 
strips a molded piece from core 
pins or force plugs. The stripper- 


plate is set into operation by the 
opening of the mold. 


SUBSTRATE—A material upon the 
surface of which an adhesive con- 
taining substance is spread for any 
purpose, such as bonding or coat- 
ing. A broader term than Ad- 
herend. 


SURFACE RESISTIVITY—The elec- 
trical resistance between opposite 
edges of a unit square of insulating 
material. It is commonly expressed 
in ohms. (Also covered in ASTM 
D257-54T.) 


SUSPENSION—A mixture of fine 
particles of any solid with a liquid 
or gas. The particles are called the 
disperse phase, the suspending 
medium is called the continuous 
phase. 


SWEATING—Exudation of small 
drops of liquid, usually a plas- 
ticizer or softener, on the surface 
of a plastic part. 


SYNTHETIC (n., a.) —Chemical com- 
pound made from elements or 
simple compounds; applied par- 
ticularly to substances that dupli- 
cate other substances occurring 
in nature. 


SYNTHETIC RESIN-—A_ complex, 
substantially amorphous, organic 
semi-solid, or solid material 
(usually a mixture) built up by 
chemical reaction of comparatively 
simple compounds, approximating 
the natural resins in luster, frac- 
ture, comparative brittleness, in- 
solubility in water, fusibility or 
plasticity, and some degree of rub- 
ber-like extensibility; but com- 
monly deviating widely from natu- 
ral resins in chemical constitution 
and behavior with reagents. 
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TACK—Stickiness of an adhesive, 
measurable as the force required 
to separate an adherend from it by 
viscous or plastic flow of the ad- 
hesive. 


TACK RANGE—The period of time 
in which an adhesive will remain 
in the tacky-dry condition after 
application to an adherend, under 
specified conditions of tempera- 
ture and humidity. 


TAPPING—Cutting threads in the 
walls of a circular hole. 


TAR—Dark-colored substance of 
variable composition, liquid or 
semi-liquid at room temperature, 


often possessing a characteristic 
odor, usually insoluble in water 
but soluble in carbon disulfide, 
benzol, etc., and which, on distilla- 
tion, oxidation, etc., forms a pitch. 


TENSILE STRENGTH—The pulling 
stress, in p.s.i. required to break 
a given specimen. Area used in 
computing strength is usually the 
original, rather than the necked- 
down area. 


THERMAL CONDUCTIVITY—Abil- 
ity of a material to conduct heat; 
physical constant for quantity of 
heat that passes through unit cube 
of a substance in unit of time when 
difference in temperature of two 
faces is 1°. 


THERMAL EXPANSION (Coeffi- 
cient of)—The fractional change in 
length (sometimes volume, speci- 
fied) of a material for a unit 
change in temperature. Values for 
plastics range from 0.01 to 0.2 
mils/in., °C. 


THERMOPLASTIC (a.)—Capable of 
being repeatedly softened by heat 
and hardened by cooling. (n.)—A 
material that will repeatedly soften 
when heated and harden when 
cooled. Typical of the thermoplas- 
tics family are the styrene poly- 
mers and copolymers, acrylics, 
cellulosics, polyethylenes, vinyls, 
nylons, and the various fluorocar- 
bon materials. 


THERMOSET—A material that will 
undergo or has undergone a 
chemical reaction by the action of 
heat, catalysts, ultra-violet light. 
etc., leading to a relatively in- 
fusible state. Typical of the plastics 
in the thermosetting family are the 
aminos (melamine and_ urea), 
most polyesters, alkyds, epoxies, 
and phenolics. 


THIXOTROPIC—Said of materials 
that are gel-like at rest but fluid 
when agitated. Liquids containing 
suspended solids are apt to be 
thixotropic. Thixotropy is desir- 
able in paints. 


THREAD PLUG—A part of a mold 
that shapes an internal thread and 
must be unscrewed from the fin- 
ished piece. 


TOGGLE ACTION—A mechanism 
which exerts pressure developed 
by the application of force on a 
knee joint. It is used as a method 
of closing presses and also serves 
to apply pressure at the same time. 


TOLERANCE—A specified allow- 
ance for error from a standard or 
given dimension, weight, or prop- 


erty. 
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TORPEDO (or Spreader)—A 
streamlined metal block placed in 
the path of flow of the plastics 
materials in the heating cylinder 
of extruders and injection molding 
machines to spread it into thin 
layers, thus forcing it into inti- 
mate contact with heating areas. 


TRANSFER MOLDING—A method 
of molding thermosetting mate- 
rials, in which the plastic is first 
softened by heat and pressure in a 
transfer chamber, then forced 
through high pressure through 
suitable sprues, runners, and gates 
into closed mold for final curing. 


TUMBLING—Finishing operation for 
small plastic articles by which 
gates, flash, and fins are removed 
and/or surfaces are polished by 
rotating them in a barrel together 
with wooden pegs, sawdust, and 
polishing compounds. 


ULTRA-VIOLET—Zone of invisible 
radiations beyond the violet end of 
the spectrum of visible radiations. 
Since UV wavelengths are shorter 
than the visible, their photons have 
more energy, enough to initiate 
some chemical reactions and to de- 
grade most plastics. 


UNDERCUT—(a.) Having a proetu- 

berance or indentation that im- 
pedes withdrawal from a_ two- 
piece, rigid mold. Flexible materi- 
als can be ejected intact even with 
slight undercuts. (n.) Any such 
protuberance or indentation; de- 
pends also on design of mold. 


UNICELLULAR—With foamed plas- 
tics, each cell an isolated unit. 
Equals “closed-cell.” 


UNSATURATED COMPOUNDS 
Any compound having more than 
one bond between two adjacent 
atoms, usually carbon atom, and 
capable of adding other atoms at 
that point to reduce it to a single 
bond. 


UREA FORMALDEHYDE RESIN 
(Urea Resin)—A synthetic resin 
derived from the reaction of urea 
(carbamide) with formaldehyde or 
its polymers. 
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VACUUM FORMING—Method of 
sheet forming in which the plastic 
sheet is clamped in a stationary 
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frame, heated, and drawn down by 
a vacuum into a mold. In a loose 
sense, it is sometimes used to refer 
to all sheet forming techniques, 
including Drape Forming (q.v.), 
involving the use of vacuum and 
stationary molds. 


VACUUM METALIZING—Process 
in which surfaces are thinly coated 
with metal by exposing them to the 
vapor of metal that has been evap- 
orated under vacuum (one mil- 
lionth of normal atmospheric pres- 
sure). 


VALUE—That attribute which de- 
scribes the lightness of a color, 
e.g., a color may be classed as 
equivalent to some member of the 
series of grays ranging from black 
(the zero member) to white. 


VENEER—A thin sheet of wood, 
generally within the thickness 
range of 0.01 to 0.125 inch. 


VENT—In a mold, a shallow chan- 
nel or minute hole cut in the 
cavity to allow air to escape as the 
material enters. 


VERTICAL FLASH RING—The 
clearance between the force plug 
and the vertical wall of the cavity 
in a positive or semi-positive mold; 
also the ring of excess material 
which escapes from the cavity into 
this clearance space. 


VINYL RESIN—A synthetic resin 
formed by the polymerization of 
chemical compounds containing 
the group CH, = CH—. In particu- 
lar, polyvinyl chloride, acetate, al- 
cohol, and butyral, are referred to. 
(Though most addition polymers 
are within the above definition, it 
is seldom applied to any but the 
ones listed.) 


VISCOSITY—Internal friction or re- 
sistance to flow of a liquid. The 
constant ratio of shearing stress to 
rate of shear. In liquids for which 
this ratio is a function of stress, the 
term “apparent viscosity” is de- 
fined as this ratio. 


VOLUME RESISTIVITY (Specific 
Insulation Resistance)—The elec- 
trical resistance between opposite 
faces of a 1-cm. cube of insulat- 
ing material. It is measured under 
prescribed conditions using a di- 
rect current potential after a spe- 
cified time of electrification. It is 
commonly expressed in ohm-cen- 
timeters. The recommended test is 
ASTM D257-54T. 


VULCANIZATION—A chemical re- 
action in which the physical prop- 


erties of a rubber are changed in 
the direction of decreased plastic 
flow, less surface tackiness, and 
increased tensile strength by re- 
acting it with sulfur or other suit- 
able cross-linking agents. 
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WARM SETTING ADHESIVES—A 
term which is sometimes used as 
synonymous with the expression, 
Intermediate Temperature Setting 
Adhesives. 


WARPAGE—Dimensional distortion 


in a plastic object after molding. 


WELD MARK—(also Flow Line)—A 
mark on a molded plastics piece 
made by the meeting of two flow 
fronts during the molding opera- 
tion. 


WELDING—Joining thermoplastic 
pieces by one of several heat-soft- 
ening processes. In hot-gas weld- 
ing, the material is heated by a jet 
of hot air or inert gas directed 
from a welding “torch” onto the 
area of contact of the surfaces 
which are being welded. Welding 
operations to which this method is 
applied normally require the use 
of a filler rod. In spin-welding 
(q.v.), the heat is generated by 
friction. Welding also includes heat 
sealing and the terms are synony- 
mous in some foreign countries, 
including Britain. 


WET STRENGTH—tThe strength of 


paper when saturated with water, 
especially used in discussions of 
processes whereby the strength of 
paper is increased by the addition, 
in manufacture, of plastics resins 
Also, the strength of an adhesive 
joint determined immediately after 
removal from a liquid in which it 
has been immersed under specified 
conditions of time, temperature, 
and pressure. 


WORKING LIFE—The period of 
time during which a liquid resin 
or adhesive, after mixing with 
catalyst, solvent, or other com- 
pounding ingredients, remains 
usable. 
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YIELD VALUE (Yield Strength) 
The lowest stress at which a mate- 
rial undergoes plastic deformation. 
Below this stress, the material is 
elastic; above it, viscous. 
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ACRYLIC CELLULOSIC MOLDING COMPOUND AND SHEETS 
3 Polymethyt Ethyl 
Methy! Methacrylate Modified Alpha- : Cellulose Cellulose CHLORINATEI 
Acryli ellulose Cellulose Acetate Cellulose : Cellulose 
ylic Chioro- Propionate Acetate POLYETHER 
Molding Rerviate Molding Acetate, Moldin Butyrate Nitrate 
T : Compound + — Compounds | High Acetyl c (Pyroxylin) 
p Compound 
Cast Molding and Sheets , 
Cast Sheet Molding Sheet Molding 
a . a ; \ J ellent Excellent Excellent Excellent Excellent Good Excellent 
‘ 260-420 210-390 360-450 210-320 265-390 185-250 400-420 
: 000-5 5000 500-5000 1000-5000 500-5000 500-5000 2000-5000 500-1000 
: 490 355-480 335-515 - 335-480 - 425-465 
- 32000 | 8000-32000 8000-32000 = 8000-32000 - 10000-2000 
-2.6 2.0-2.6 2.0-2.4 - 2.0-2.4 - - 
tion 0.003-0.007; Injection - Injection - 0.004-0.00 
1; flash 0.008-0.010 0.001-.005 0.002-0.005; 
Compression Compression 
1. : = = 0.003-0.009 0.003-0.009 
5 ae 5 aan ee & NM $g0-1 32 1.24-1.34 1.26-1.34 1.18-1.24 1.15-1.22 1.15-1.22 1.35-1.40 1.4 
woo He io Reciele asp 21.6-20.9 22.4-20.6 22.0-20.6 23.4-22.7 24.0-22.7_ | 24.0-22.7 20.5-19.8 19.8 
8000.1 100C | aoe ae Pre 47 1.49-1.50 1.46-1.50 1.46-1.50 1.47-1.48 1.46-1.49 1.46-1.49 1.49-1.51 = 
. 2000-800C 4500-8( 1900-8500 3000-11000 | 2000-7000 2600-6900 | 2600-6900 7000-8000 6000 
rr = 5-40 20. 6-70 4-55 45-60 60-100 40-88 40-45 60-160 
ri teen aan aa =2 __ 34 .86-4.0 3.5-4.5 0.6-1.5 2.0-2.5 0.7-2.0 1.9-2.2 1.6 
12000-17000 | 4500 aa a 0 — 0-25 100-36000 14000-36000 7000-22000 - 7500-22000 22000-35000 - 
0403 : aan ~~ 6000-11 2000-16000 | 3500-13000 | 3000-11000 | 4000-9000 | 1800-9300 9000-11000 5000 
6. 1.0-3.0 0.4-5.2 0.4-5.2 0.5-6.0 0.8-6.3 0.8-6.3 5.0-7.0 0.4 
| 0.3-1.7 @40F, 
wr | a 
we i. | * 118 TEE RIS-R120 R35-R125 R65-R125 R20-R115 R30-R115 R30-R115 RIS-R115 R-100 
. : 4-8 ar * wee 48 5.28-5.36 Pe Wes 4-8 5.5 - 
0.35 35 34 } 0.3-0.75 0.3-0.5 0.3-0.42 ee: 0.3-0.42 ~0.38-0.40 | 0.3-0.4 | 0.3-0.4 | 0.3-0,4 = 
5-9 5-9 : 10-20 10-15 8-16 8-16 11-17 11-17 11-17 8-12 8.0 
140-200 140-191 40-250 115-185 140-220 140-220 150-220 155-220 140-220 140-220 ca. 140 290 
150-210 160-195 275-284 115-190 130-160 110-205 120-210 110-180 115-200 115-200 140-160 300 (66 p.s. 
10"s | 10" 10"?-10" ojo" [| 10"-10"% 10'°.10" 10"?-10'S 10'°- 10" 10'°-10' ft (10-15) x 10" 10" 
450-55¢ | 450-5 350-504 250-300 | 250-365 250-365 300-450 250-400 250-400 300-600 400 
350-41 300-50¢ me | 200-300 200-300 - . - 250-550 = 
3.5-4 | 4, 3.0-4.2 4.7 | 3.5-7.5 4.7 - 4.7 3.5-6.4 7.0-7.5 3.0 
3. 3.0-4.1 4.5 | 3.5-7.0 4.5 3.6-3.9 4.5 - 7.0 3.0 
2 | 2-5. 2.8-3.9 4.4 3.2-7.0 4.4 3.4-3.6 4.4 3.2-6.2 6.4 3.0 
0.05-0.06 | 4-0.0¢ 0.005-0.02¢ 0.018 0.01-0.06 0.018 ~ 0.018 0.01-0.04 0.09-0.12 0.01 
0.04-0.06 3-0. 0.002-0.02¢ 0.022 0.01-0.06 0.022 0.006-0.01 0.022 - 0.03 0.01 
C -( 2 0.010-0.06C 0.051 0.01-0.10 0.051 0.01-0.03 0.051 0.01-0.04 0.06-0.09 0.01 
No track | No track N k 60-8¢ 180-200 50-310 50-310 175-190 - - - - 
0.3-0.4 0.3-0.4 0.2-0.4 2 0.8-1.8 2.0-4.5 1.9-6.5 1.3-3.1 1.2-2.0 0.9-2.2 0.9-2.2 1,0-2.0 0.01 
Slow Slow Slow f- Slow Slow to self-extinguishing Slow Slow Slow Very fast Self- 
shing __extinguishir 
Very slight Very slight Slight Strengtt light Slight when No visible Slight Slight Slight No visible Slight Discolors and Slight (loss 
Loss properly change change becomes surface 
stabilized brittle ductility) 
Practically nil | Practically nil Almost lly nil Slight No visible Slight None Slight No visible Slight Slight None 
none change change 
Attacked only by Attacked only by lly nil Decomposes Decomposes Decomposes Decomposes Decomposes | Decomposes | Decomposes Decomposes Attacked b 
oxidizing acids oxidizing acids oxidizing ac 
Practically nil | Practically nil Almost ly nil None No visible Slight No visible Slight No visible Slight Slight None 
none change change change 
Practically nil Practically nil Almost ly nil Slight Swells Decomposes Decomposes Decomposes | Decomposes | Decomposes Decomposes None 
none 
Soluble in ketones, esters Soluble in oluble in Widely soluble Soluble in ketones and esters; softened or slightly soluble in alcohol; little affected by Resists me 
and aromatic hydrocarbons ketones, esters, dichlor- hydrocarbons solvent: 
and aromatic ne other 
hydrocarbons ted or- 
lvents 
Fair to excellent Excellent Good to Excellent ‘lent Good Good Good Good Excellent Good Good Excellent Excellen 
Transparent (90-92% light Translucent arent Transparent Transparent Transparent Transparent Transparent Transparent Transparent Transparent Transluce 
transmission) to opaque > light translucent translucent translucent translucent translucent translucent translucent translucent to opaqu: 
ssion) opaque opaque opaque opaque opaque opaque opaque opaque 
Cadco (28), CO (32), Diakon (84), mplex (137) Ampacet (11), Ampacet (11), Cadco (28), Campco (29), Forticel (34), Cadco (28), Tenite Joda C/N (45), Penton (80) 
Evr-Kleer (32), orfil Campco (29), Celanese (34), Cellomold (27), Fiberfil (58), Tenite (52) Campco (29), | Butyrate (52) | Nitron (104), 
Gering MMRW (70), Glopaque (158), Ethocel (48), Gering CA (70), Interplastics (86), Joda C/A Fairylite Nixon C/N 
Interplast ite (50 Gering EC (70), [(45), Kodapak | and IV (53), Midwest-Midlon A (145), Fiber- (112), Pyralin 







2,24,28,30,32, 


68,82,84, 137, 140, 186,95, 137,163 


158,163 






Joda E/C (45), 


Interplastics (86), 


Nixon E/C (112), 


(100), Nixon C/A (112), Plastacele (50), 
Sandee (140), Soplasco (148), Tenite Acetate 
(52), Vuepak (104), Wopalit (165), Wopalon 

















. Acme Resin Corp., 


wre 


. Allied Resinous Products, 
Conneaut, Ohio 
4. American Agile Corp., 


wn 


Carlstadt, N 


6. American 
New York 20, N. Y. 
7. American Herd Rubber ¢ 
LIST OF 8. Anette an Insulator Cort a 
9. A I flex, Ir-*+ 
MANU FACTU RERS 10. meric an uco 


American-Mariette * 
Div., 3400 1 amg 
11. American 

Ave., P ok 


e., S.W., 


lyn 6, N. Y 
12, Amq, Y 


. American Alkyd Industries, 


N. J. 
Cyanamid Co., 3 


new F 


1401 Circle Avess 
. Acryvin Corp. of America, 470 F 


Inc, 


Maple Het 


Broe 


R ket 


», 99 


Fifth 


o., Adhesive, 


Seattle 


+ ° 
Shing Powder & Cher 











28,29,34,45,50, |11,34,45,52, 


Soplasco (148) (165 
11,29,45,48,70, 
86,112,148 53,70,94,100, 
104,112,119, 
140,148,165 





Forest Park, ll. 
9th St., Bklyn. 36,N.Y. 
W. Adams St., 


Ohio 
‘nd 14th Sts., 


eller Plaza, 


th St., New York 13, N.Y. 


re “dom, Pa. 


Ave., New York 36,N.Y. 
*@S8in, and Chemical 
Wash. 


al Corp., 703 Redford 


can Plastics Corp., 342 Medison Ave., New York 


American Reinforced Sales, 650 S. Spring St., 


Los Angeles 14, Calif. 





58,70,86,94, 
104,165 










27,45,53,70,80, 












fil (58), Genco 
(68), Gering 
CAB (70), 
Joda C/AB 
(45), Kodapak 
11 ($3), Mid- 
west-Midlon 
(100), Nixon 
CAB (112), 
Non-Flam 
(145), So- 
lasco (148 


3,20,28,29,45, 
53,58,68, 70, 
100,112,119, 
145,148 











(50), Wopaloid 
(165) 









45,50, 104,112, 
165 















80 


14. Anchor Plastics Co., 36-36 36th St., Long Island City 


6, N. Y 


15. Archer-Daniels-Midlend Co., Chemical Products Div., 
2191 W. 110th St., Cleveland 2, Ohio 
16. Aries Laboratories, Inc., 45-33 Davis St., Long Island 


City 1, N. ¥ 


17. Armstrong end Associates, C. W., Argonne Road, 


Wersaw, Ind. 


18. Atlas Mineral Products Co., The, Mertztown, Pa. 
19. Atlas Powder Co., Wilmington 99, Del. 
20. Auburn Button Works, Inc., 48 Canoge St., Auburn, N. Y. 
21. Bakelite Co., Div. of Union Carbide & Carbon Corp., 

30 East 42nd St., New York 17, N. Y. 
22. Allied Chemicel Corp., Plastics and Coal Chemicals 


Div., 


40 Rector St., New York 6, N. Y 


23. Biggs Co., Inc., Carl H., 2255 Barry Ave., Los Angeles 


64, Calif. 


24. Borden Chemical Co., The, Div. 
350 Medison Ave., New York 17, N. Y¥ 
25. Borden Chemical Co., The, Div. 
Resinite Dept., Sante Barbera, Calif. 


of T 


he Borden Co., 


of The Borden Co., 


+» British Geon Ltd., London S. W. 1, Eng 
. British Resin Products Ltd., London S. 
- Cadillac Plastic and Chemical Co., 15 


Detroit 3, Mich. 


» Campco Div., Chicago Molded Products 


Normandy Ave., Chicago 35, I! 


- Canadian Industries Ltd., P.O. "Box 10. 


Canede 
. Capac Industries, Inc., Capac, Mich. 


- Carboline Co., 331 Thornton Ave., St. 

. Cast Optics Corp., 123 Newman St., He 
. Catalin Corp. of America, 1 Park Ave., 
. Celanese Corp. of America, Plastics [ 


744 Broed St., Newark, N. J. 


- Chemical Coatings and Engineering Cc 


Brooke St., P.O. Box 305, Media, Pa. 


« Chemical Development Corp., Endicott 
« Chemore Corp., 21 West St., New York 
- Ciba Co., Inc., Plastics Div., Kimbert: 


Neen OOtti(is—sOCSSCS 


LASTICS PROPERTIES CHART 


NYLON MOLDING COMPOUNDS 


























LORINATED 
LYETHER 
Type 6/6 " Type 6 : 
Injection Molding a a Injection Molding High-Density Intermediate- Low- 
and Extrusion analeaene and Extrusion Density Density 
Excellent Excellent Excellent Excellent Excellent Excellent Excellent 
400-420 “ o es 300-450 300-350 275-300 
500-1000 - - ia 500-3500 500-1000 200 
425-465 470-720 500-700 440-600 330-600 300-600 300-500 
10000-20000 10000-25000 15000-20000 10000-25000 10000-20000 8000-20000 8000-15000 
- 2.1-2.2 2.0 a 2.0 2.0 2.1-3.6 
0.004-0.006 0.015 0.003-0.005 0.009 0.02-0.05 0.02-0.05 0.02-0.05 
1.4 1.09-1.14 1.33 1.13 _0.941-0.965 _ 0.926-0.940 0.910-0.925 
19.8 _ 25.5-24.2 ' 22.2 24.5-24.2 29.4-28.7 = = 
- 1.53 = - 1.54 - 1.51 
6000 7000-10900 18000-20000 10200-12000 3500-5500 1200-5500 1000-2000 
60-160 90 6.5-8.5 90-320 15-100 50-500 200-575 
1.6 2.6-4.0 - 1.5-3.6 0.8-1.5 0.25-0.55 0.19-0.35 
- 7200-13000 - 6700-9700 2400 - = 
5000 8000-13800 - 8000-16000 1400 4800-7000 ~ 
0.4 1.0 Variable 1.0-3.6 1.5-12 0.5-5.5 16 
R-100 R111-R118 - R103-R118 D68-D70 (Shore) D50-D70 (Shore) D41-D46 
- 5.2-5.8 - ~% —_14-12.4 | | - 8.0 
= 0.4 - ate 0.55 - 0.55 
8.0 10-15 __Low 8-13 11-13 Sa a 
290 270-300 300-400 175 a OE 220-250 § 212 
00 (66 p-s-i ) 300-360 (66 p.s.i.) - 260-340 (66 p.s.i.) BM 150-175 (66 p.s.i.) | 185 (66 p.s.i.) 105-121 
10! (0.45-4) x 10'4 - 10'2.10'S 1-6x10'5 >10"* >10'* 
400 385-470 - 440-510 450-600 500-700 460-700 
- 340-410 - 320-440 440-600 500-700 420-700 
3.0 4.1-4.6 én 5.0-14.0 2.25-2.35 2.25-2.35 2.25-2.35 
3.0 4.0-4.5 - 4.9-10.1 2.25-2.35 2.25-2.35 2.25-2.35 
3.0 3.4-3.5 - 4.0-4.7 2.25-2.35 2.25-2.35 2.25-2.35 
0.01 0.014-0.04 - 0.06-0.10 <0.0005 <0.0005 <0,0005 
0.01 0.02-0.04 - 0.06-0.11 <0.00021 <0.0005 <0.0005 
0.01 0.03-0.04 - 0.04-0.13 <0.0003 <0.0005 <0.0005 
- 130-140 - ~ - 200-235 135-160 
0.01 __0.4-1.5 © i 1.9-3.3 ____ £0.01 <0.01 <0.015 
Self- Self- Slow to self- Self- Siow Slow Slow 
xtinguishing — extinguishing [| extinguishing | extinguishing ees 
light (loss in Discolors Very little Slight Requires Surface crazing Surface crazing 
surface slightly discoloration discoloration black (Except black (Except black 
ductility) . re I & brown) & brown) 
None Resistant Resistant Resistant Very Very Resistant 
a __ Resistant + Resistant 
Attacked by Attacked Attacked Attacked Attacked Attacked Attacked by 
cidizing acids slowly by slowly by oxidizing acids 
3 oxidizing acids] oxidizing acids 
None None None None Very Very Resistant 
sides cctigstitighbatinl __Resistont _] Resistant 
None None Surface only None Very Very Resistant 
: = : ciipitgeiesied __Resistant | Resistant 
Resists most Resistant to Resistant to Resistant to Resistant Soluble in Soluble in 
solvents common solvents most solvents common solvents (below 80°C.) aromatic solvents | aromatic solvents 
above 60°C. above 60°C. 
Excellent Excellent Excellent Excellent Excellent ’ Good Fair 
Translucent Translucent Translucent Tronslucent Translucent Translucent Translucent 
to opaque opaque to opaque to opaque to opaque to opaque to opaque 
ton (80) Cadco (28), Catalin | F iberfil (58) Spencer nylon (149), Aeroflex (14), Agiline (4), Alathon (50), Alkathene (84), 
(33), Fiberfil (58), Catalin (33), Fosta § Bakelite (21), Boronol (3), Cadco (28), Campco (29), Catalin 
Gering NRW (70), nylon (62) (33), C-I-L (30), Dow PE (48), Dylan (90), Fiberfil (58), 
Interplastics (86), Fortiflex (34), Genco (68), Gering PE (70), Gilco (71), Hi-fax 
Loven (94), Marany! (80), Hostalen (57), Interplastics (86), Marlex (115), Midwest- 
(84), Nylasint (109), Midlon P (100), Modulene (106), Monsanto Polyethylene (104), 
Nylatron (109), Petrothene (157), Plicose (122), Poly-Eth (149), Resinol (3), 
Plaskon (22), Poly- Sandee (140), Seilon (141), Soplasco (148), Super Dylan (90), 
penco-N (124, 125), Super Modulene (106), Tenite Polyethylene (52), Tygothene 
Zytel (50) (159) 

80 22,28,30,33,50,58, 58 33,62,149 3,4,11,14,21,25,28,29,30,33,34,45,48,50,52,57,58,68,70,71, 
62,70,78,84,86,94, 78,80,84,86,90,91,95,100,104,106,105,119,122, 128,140,141, 
95,109,124,125,128 148,149, 157,159,163 

. W. 1, England 39. Coast Pro-Seal Mfg. Div., 1507 Grand Vista Ave., 51 





, London S. W. 1, England 
‘al Co., 15111 Second Ave., 


-d Products Corp., 
u 


2717 N. 


.O. Box 10, Montreal, P.Q., 


pac, Mich. 


| Ave., St. Louis 19, Mo. 
man St., Hackenseck, N. J. 
Park Ave., New York 16,N.Y. 


Plastics Div., 


ineering Co., Inc., 
ledia, Pa. 


+» Endicott St., Danvers, Mass. 
New York 6, N. Y. 


+s, Kimberton, Pa. 











Los Angeles 23, Calif. 


40. Colton 


hemical Co., Div., Air Reduction Co., Inc., 


1747 Chester Ave., Cleveland 14, Ohio 


41. 


Pittsburgh 22, Pa. 


42. 
17, N. Y. 
43. 


St., Morton Grove, ill. 


44. 
46. 


Cambridge 40, Mass. 


47. 


Cleveland 14, Ohio 


48. 
50. 


Columbie-Southern Chemical Corp., 1 Gateway Center, 


Crane Packing Co., Teflon Products Div., 6400 Oakton 


Diamond Alkeli Co., 300 Union Commerce Bldg., 


Dow Chemical Co., The, Midland, Mich. 
+ Dow Corning Corp., Midland, Mich. 


Du Pont de Nemours & Co., E.I., Wilmington 98, Del. 





Cordo Molding Products, Inc., 230 Park Ave., New York 


Cutler-Hammer, Inc., 492 N. 12th St., Milwaukee 1, Wis. 
. Davis Plastics Co., Joseph, Arlington, N. J 
Dewey & Almy Chemical Co., 62 Whittemore Ave., 











POLYPRO- 
PYLENE 


Excellent 
340-450 
300-3000 
390-550 
10000-20000 


0.01-0.02 


0.90-0.91 
29-31 
1,49 
4300-5700 
250-700 
1,3-2 
8500-10000 


0.6-2.5 


R85-95 
3.3 
0.46 

seal 
275-320 


210-230 (66 p.s.i-) 


10" 
750-800 


2.0-2.1 


0.0002-0,0003 


<0.01 


Slow 


Requires 
black 


Very 
Resistant 
Attacked 
slowly by 
oxidizing acids 
None 


Very 
Resistant 
Resistant 


(below 80°C.) 


Excellent 


Translucent, 
Transparent, 
Opaque 
Moplen (37), 
Pro-fax (80) 


37,80 


888 Welck Road, North Tonewanda, N. Y. 


MODE 


POLYSTYRENE 
MOLDING COMPOUNDS 


AND SHEETS 











By at 
fa 2% 








SPECIAL 


MOLDING COMPOUND 





STYRENE 






















AND SHEETS 
30/35% Glass 
Fiber Filled, Heat and Shod 
Unfilled General- Chemical Resist 
Purpose Resistant Typ 
Type Type 
Excellent Good Good Excella 
265-400 275-350 300-400 250-40 
1000-10000 2000-5000 1000-5000 1000- 10€ 
325-600 575 350-700 375-60 
10000-30000 15000-20000 10000-33000 10000-30 
1.6-2.3 - 1.6-2.4 1.6-2.4 
Compression 0.001-0.005 0.001-0.008 002- 
0.001-0.006 
Injection 
0.002-0.006 
1,04-1.065 1,33 1,05-1.11 0,98-1. 
26.4-26.0 - 26.2-24.8 28.1-25 
1,59-1.60 - 1.57-1.40 ~ 
5000-9000 10000-15000 7000-12000 40) 
1,0-2.5 0,75-1.02 1.5-2.5 
4-5 12.0 4-6 
11500-16000 - 11500-16000 4( 
12000-16000 16000-20000 10000-17000 
0.25-0.4 1.5-2.5 0.25-0.5¢ 
M65-M70 M80-M90 M65-M9( M65-70; RS 
2,4-3.3 - 1,9-3,0 1,0-3.0 
0.32 - 0.32-0.35 0.32-0. 
6-8 Low 6-8 3.4-2) 
150-170 - 170-200 140-17 
150-195 218-236 180-235 148-200 
>10'* - 10'3-10'7 10'¢ 
500-700 _ 400-600 
400-600 - 300-500 
2.45-2.65 - 2.45-3.4 
2.4-2.65 _ 2.4-3.2 
2.4-2.65 - 2.4-3.1 
0,0001-0.0003 - 0.0005-0.003 
0.0001-0.0003 - 0,0005-0,003 
0,.0001-0,0004 - 0.0005-0.005 
60-80 - 60-135 
0,03-0,05 0.05-0,10 0,05-0,40 
Slow Slow Slow 
Yellows Yellows Yellows ome 
slightly slightly 
None None None N 
Attacked by Attacked by Attacked by tt 
oxidizing acids | oxidizing acids MH oxidizing acids] oxi 
None Resistant None | 
None Fair None 
Soluble in Soluble in Soluble in 
aromatic and aromatic and aromatic and ar 
chlorinated chlorinated chlorinated 
hydrocarbons hydrocarbons hydrocarbons 
Fair to good Good Fair to good 
Transparent Translucent Transparent 
(88-92% light to opaque (88-90% light 
transmission) transmission 
Ampacet (11), Bakelite (21), Cadcoff Ace-Hide(7 
(28), Capac (30a) Carinex (151), lite(18), Bake 
Catalin (33), Distrene (27), Dylene Camp Me? 
(90), Erinoid (151), Fiberfil (58), rp score! 
rinatex( 2 
Fostarene (62), Gering PS (70), In- B (4¢ ), Distrene 
terplastics (86), Lustrex (104), Erinoid(151),Fibert 


Sandee (140), Soplasco (148), 


Styron (48) 


rene & Fosta Tuf-flex 
(68),Gering PSX 


7c 


Good-rite(64)( 
plastics(86),Jo 
8000(97),Midwe 


Pliolite(76),Pli 


’ 
4a0(45).Mar 
st-Mid 


o-Tuf(7é 












penco @ 200.5(124,125),Re 
(3),Riji- Tut(7 peil on $-3(14 
Soplasco(148),Stokoflex( 150) 
Stokolite(150),Stycast(55),St 
(112), Styron(48) 








11,21,24,27,28,300,33,45,48,58,62, 
65,70,86,90,95, 104, 106,119,140, 
148,151,156,163 


3,7,11,18,20,21,23,24,27,28, 
300,32,33,45,46,48,55,58,62 
65,68,70,71,75,76,78,86,90,$ 


- Durez Plastics Div., Hooker Electrochemical Co., 


- Eastman Chemical Products, Inc., Kingsport, Tenn. 
- Eastman Kodak Co., Rochester 4, N. Y. 

+ Electronic Mechanics, Inc., Clifton, N. J. 
+ Emerson and Cuming, Inc., Canton, Mess. 


97,99, 100, 104,112,119, 124, 
128, 141,148,150,151,156, 16 


- General Electric Co., 1 Plastics A 
- General Plastics Corp., 1400 N. W 
- General Tire and Rubber Co., Che 

1708 Englewood Ave., Akron 9, Oh 
- Gering Products, Inc., Kenilworth, 
71. Gilmen Brothers Co., The, Gilmen, 














56. Epoxylite Corp., 10829 E. Central Ave., El Monte, Calif. 72. Gleskyd Inc., 125 W. 3rd St., Perrv 

57. Farbwerke Hoechest AG. vormels Melster Lubigs and 73. Glastic Corp., The, 4321 Glenridge 
Bruning, F Fm., Hoechest, Germany 74. Glidden Co., 900 Union Commerce 

58. Fiberfil Corp., Warsaw, Ind. 14, Ohio 

59. Fiberite Corp., 516 W. Fourth St., Winona, Minn. 75. Goodrich Chemical Co., B.F., Cle 

60. Firestone Plastics Co., P.O. Box 690, Pottstown, Pa. 76. Goodyear Tire & Rubber Co., Inc., 

61. Flexfirm Products, 2300 N. Chico Ave., El Monte, Calif. 1144 E. Market St., Akron 16, Ohiaq 


39, Calif. 


. Foster Grant Co., Inc., Petrochemical Div., 289 Main, 
N., Leominster, Mass. 
. Furane Plastics, Inc., 4516 Brazil St., Los Angeles 


. Garfield Mfg. Co., 10 Midland Ave., Garfield, N.J. 

+ Garlock Packing Co., The, Palmyra, N. Y. 

- General Aniline & Film Corp., Commercial Development 
Dept., 435 Hudson St., New York 14, N. Y. P 


77. Great Americen Plastics Co., 85 F 
78. H & R Industries, Nazareth, Pa. 
79. Haveg Corp., Newark, Del. 

80. Hercules Powder Co., Inc., Wilmi 


83. Houghton Laborestories, Inc. 


. Heresite & Chemical Co., Manito 
- Homelite Corp., The, Wilmington 
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riA 





POLYPRO- 
PYLENE 








































Low- 
Density 


Excellent 


275-300 


Excellent 


340-450 


. 20 300-3000 

3 0-5( f) 390-550 
8000-15000 10000-20000 

2.1-3.6 = 
0.02-0.05 0.01-0.02 


0.910-0.925 0.90-0.91 


29-31 


1.5] 1,49 
1000-2000 4300-5700 
200-575 250-700 


0,19-0,35 1.3.2 
8500-10000 


0.6-2.5 


D41-D4¢é 
8.0 
0.55 
16-18 
212 
105-121 
10'¢ 
460-700 
420-700 
2.25-2.35 
2.25-2.35 
2.25-2.35 
0.0005 
0.0005 
0.0005 
135-160 
<0,015 


Slow 


275-320 
210-230 (66 p.s.i.) 
10'* 


750-80( 


0.0002-0,0003 


<0.01 


Slow 


face crazing 
xcept black 
& brown) 


Resistant 


Requires 
black 

















Very 
Resistant 
Attacked 

slowly by 
oxidizing acids 
None 





Attacked by 
idizing acids 
Resistant 
Resistant Very 

Resistant 


Resistant 
(below 80°C.) 















Soluble in 
atic solvents 


bove 60°C. 


Fair Excellent 
Translucent, 
Transparent, 

Opaque 

Moplen ( 37), 


Pro-fax 


ranslucent 
to opaque 


(80) 





(115), Midwest- 
vethylene it 4), 
1 ), 








Der [ yian 


), 


Tygot! ene 




























58,68,70,71, 
128,140,141, 


37,80 


eet: a Vey TH 
k Roed, North Tonewenda, N. Y. 
Chemicel!l Products, Inc., 
Kodak Co., 
ic Mechanics, Inc., 
and Cuming, Inc., 
ie Corp., 10829 E. 
e Hoechest AG. 
FFm., Hoechest, Germany 
op., Warsew, Ind. 

Corp., 516 W. Fourth St., 
Plastics Co., 
Products, 2300 N. Chico Ave., 
rent Co., Inc., Petrochemic al Div., 
ineter, Mess. 
lestics, Inc., 


Rochester 4, N. Y. 
Clifton, N. J. 
Canton, Mees. 
Central Ave., 


4516 Brezil St., 


fg. Co., | 
Packing Co., 
niline & Fiir 
5 Hudson St., 


The, Palmyre, N. Y 
Corp., 


New York 14, N. Y. 





RT 





MODERN PLASTICS ENCY 
PART I: THERI 


POLYSTYRENE 
MOLDING COMPOUNDS 
AND SHEETS 






SPECIAL STYRENE 
MOLDING COMPOUNDS 
AND SHEETS 





Unfilled 






Excellent 
265-400 
1000-10000 
325-600 
10000-30000 
1.6-2.3 
Compression 
0.001-0.006 
Injection 
0.002-0.006 
1,04- 1.065 
26.4-26.0 
1,59-1.60 
5000-9000 


4-5 
11500-16000 
12000-16000 
0.25-0.4 








M65-M70 
2.4-3.3 
0.32 
6-8 
150-170 
150-195 
10'¢ 
500-700 
400-600 
2.45-2.65 
2.4-2.65 
2.4-2.65 
0.0001-0.0003 
0,0001-0.0003 
0.0001-0.0004 
60-80 
0,03-0,.05 


Slow 








Yellows 





None 


Attacked by 
oxidizing acids 








None 


None 





Soluble in 
aromatic and 

chlorinated 
hydrocarbons 





Fair to good 






Transparent 
(88-92% light 


transmission) 


terplastics 
Sandee (140), 
Styron (48) 





30/35% Glass 
Fiber Filled, 
General- 
Purpose 
Type 








Good 
275-350 
2000-5000 
575 
15000-20000 


0.001-0.005 


1,33 


10000-15000 
0,.75-1.02 
12.0 
16000-20000 
1.5-2.5 


M80-M90 


0.05-0.10 


Slow 


Yellows 
slightly 


None 






Attacked by 
oxidizing acids 


Resistant 


Fair 








Soluble in 
aromatic and 
chlorinated 
hydrocarbons 






Good 


Translucent 
to opaque 


Ampacet (11), Bakelite (21), Cadco 
(28), Capac (30a) Carinex (151), 
Catalin (33), Distrene (27), Dylene 
(90), Erinoid (151), Fiberfil (58), 
Fostarene (62), Gering PS (70), In- 
86), Lustrex (104), 
Soplasco (148), 


11,21,24,27,28,300,33,45,48,58,62, 
65,70,86,90,95, 104, 106,119,140, 
148,151,156,163 


voker Electrochemical Co., 


Kingsport, Tenn. 


El Monte, Calif. 
vormels Melster Lubigs and 


Winona, Minn. 

P.O. Box 690, Pottstown, Pa. 
El Monte, Calif. 
289 Main, 
Los Angeles 

0 Midlend Ave., Garfield, N.J. 


Commerciel Development 




























































Heat and 


Shock 

Chemical Resistant 

Resistant Type 
Type 












Good Excellent 


300-400 250-400 
1000-5000 1000-10000 
350-700 375-600 
10000-33000 10000-30000 

1,6-2.4 1,6-2.4 
0.001-0.008 0.002-0.008 











1,05-1,11 0,98- 1,10 















26.2-24.8 28.1-25.2 
1,57-1.60 - 
7000-12000 4000-6500 
1,5-2.5 10-60 
4-6 3-4.5 
11500-16000 4000-9000 
10000-17000 5000-10000 
0.25-0.50 0.5-11.0 





M65-M90 M65-70; R50-10 























1,9-3.0 1,0-3.0 
0.32-0.35 0.32-0.35 
6-8 3.4-21 
170-200 140-175 
180-235 148-200 
10'3-10'7 >10"* 
400-600 300-600 
300-500 300-600 
2.45-3.4 2.45-4,.75 
2.4-3.2 2.4-4.5 
2.4-3.1 2.4-3.8 
0.0005-0.003 0.0004-0.002 
0,0005-0,003 0.0004-0,002 
0.0005-0.005 0.0004-0.002 
60-135 20-100 
0.05-0,.40 0,1-0,3 
Slow Slow 











Yellows 
slightly 


Some strength 
loss 













None None 






Attacked by 
oxidizing acids 


Attacked by 
oxidizing acid 





None None 


None None 


Soluble in Soluble in 
aromatic and aromatic and 
chlorinated chlorinated 
hydrocarbons hydrocarbons 








Fair to good Good 
Transparent Translucent 
(88-90% light to opaque 
transmission) 





lite(18), Bakelite(21),Cadco(28), 
Campco(29),Capac(30a),Carinex 
(151),Catalin(33),Cerex(104), 
Chinatex(20),Cycolac(97),Darex 
(46),Distrene(27),Dylene(90), 
Erinoid(151),F iberfil(58),Fosta- 
rene & Fosta Tuf-flex(62),Genco 
(68),Gering PSX(70),Gilco(71), 


plastics(86),Joda(45),Marbon 
8000(97),Midwest-Midlon(100), 
Pliolite(76),Plio-Tuf(76),Poly- 
penco Q 200.5(124,125),Resiston 
(3),Riji- Tuf(7),Seilon S-3(141), 
Soplasco(148),Stokoflex( 150), 
Stokolite(150),Stycast(55),Styco 
(112),S 8 


3,7,11,18,20,21,23,24,27,28,29, 
300,32,33,45,46,48,55,5 ,62,64, 


65,68,70,71,75,76,78,86,90,91,95, 


97,99, 100, 104,112,119, 124, 125, 
128,.141,148,150,151,156,163 


Ace-Hide(7),Ampaloy(11),Ampco- 


Good-rite(64)(75),Helix(23), Inter- 
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*LASTICS 













































10 * cal. per sec. per sq. cm.. per 1°C. per cm. 








































































STYRENE BLENDS 
Acry- Acrylonitrile- Polymethyl- 
lonitrile- Butadiene- Styrene 
Styrene Styrene Molding 
he Copolymer Copolymers Compounds 
~ eersatin. Oe | Good Good—Excellent Good 
jompression mold ing temp. “Fea 300-400 300-375 300-375 
Compression molding 1000- 10000 1000-8000 1000-8000 
Injection molding 375-600 350-600 375-600 
Injection molding 10000-33000 6000-20000 10000-3000¢ 
Compression 1.6-2.4 1.3 - 
: 0.002-0.005 0.003-0.006 0.0035-0.004 
Mold shrinkage, in. 
__, Specitic Satara D792 1.075-1.10 | _1,01-1.10 1,03-1.06 
Specific volume, cuntas Ure 25,8-25,2 | 27.4-25.2 | _26.9-26.1 
Refractive index, 0512 A es SIR 
Oe | MEMES © 9500. 12000 2500-7000 | 6600-9000 
Elongation, % ~ D638 1.5-3.5 40-100 2.2-2.5 
Modulus of elasticity in D638 4-5.6 1.84.1 4,0-4,6 
Compressive strength MUM 0695 14000-17000 2500-10500 . 
Flexural strength, PSE = =§© 0790 14000-19000 3700-11500 12500-1600 
Impact strength, ft. -Ib. p osee 0.35-0.50 0.9-9 0.33-0.40 
(Ya x V2 in. notched ba 
Hardness, Roe D785 M80-M83 R60-R110 - 
Specific heat, cal. per ° a 0,32-0,34 = 
1 expansion, 10— per °C. "9 D696" ~ 6-13 aig ge 
_» Resistance to heat, °F. (continuous) — 190-205 4 150-200 f _-210-212. 
% distortion temp., °F. j D648 195-200 170-205 213-215 
Sees resistivity. -2 4 D257 . >10'* 0.5x10'?-10'S 2.65x 10" 
‘strength, -3 B o149 400-500 310-410 610-890 (1/16 
— ‘strength, -4 _ ae 300-600 310-410 - 
$$ cycles 9 Ss«éd150 2.15-3.4 2.7-4.75 * 
= 10? cycles 9} 0150 2.5 2.7-4.75 2.52-2.92 
_ Dielectric'constant, 10* cycles D150 2.75-3.1 2.7-4.75 2.48-2.81 
ssipation (power) factor, 60 cycles «Gj D150 0,007-0,010 0.008-0.02 = 
Dissipation (power) factor, 10? cyclesMH§ (0150 0.007-0.010 0.009-0.02 0.0002-0.06 
Dissipation (power) factor, 10%cyclesw@ = 0150 0,007-0,010 0.009-0.026 0.0005-0.0¢ 
Arc resistance, sec. § (3% D495 100-150 80 - 
Water absorption, 24 hr., Y-in. thicknessia@ D570 ___.0,20-0.30 0.2-0.3. | __0,05-0.3 
+ j Yellows None to Yellows Yellows 
Effect of sunlight és, slightly slightly slightly 
Effect of weak acids moe | None None None 
a ~ Attecked by | Attacked by Attacked | 
Effect of strong acids =” oxidizing dcids} oxidizing acids | oxidizing ac 
Effect of weak alkalies __ 3 None None None 
- — + - — = a 
Effect of strong alkalies None None None 
Soluble in Resistant & soluble Gasolin 
ketones, esters} in ketones, esters, resistan 
Effect of organic solvents & somechlori- | & some chlorinated 
nated hydro- hydrocarbons 
=e ees eee 
Machining qualities Good Good to excellent Fair to gi 
3 Transparent Translucent Transpar 
Clarity ( 80-88% light) to opaque (90% lig 
kL ____} _transmiss 
Bakelite (21), [Cycolac (97), Erinoid | Cymac (6) 
Carinex (151), (151), Genco (68), 
Catalin (33), Good-rite Polyblend 
Fosta Nitrile (75), Kralastic (111), 
(62), Tyril (48) |Midwest-Midlon C 
(100) 
Trade designations (numbers in 
parentheses refer to list of 
manufacturers) 
21,33,48,62, | 68,75,97,100,111, 
151,163 128,151 
Manufacturers (see list at bottom of chart . 
for key to numbers) 











3, short-time, “in. thickness, volts per mil 
4, step-by-step. ‘ein thickness, volts per mit 


2. ohm-cm. (50% relative humidity and 23°C.) 
67. General Electric Co., 1 Plastics Ave., Pittsfield, <q os. Imperial Chemical Industries, 1-14.01 Grew York 36, a pene 100. ov nna : 
o y eeenee Thee end —. perm) a — ‘ 86. Interplastics Corp., 120 E. 56th St., New tg mi N. Y. 101. any 
— hoy ae Ave Akron 9 Ohio 87. Irvington Chemical a Mining & Mfg. Co., _— South, ie 
-e ilwor 500 Doremus Ave., Newark, N+ J+ 7 

- Soon Ae send agg ng mien yt ll 88. Keyes Fibre Co., Upper College Ave., Waterville, Me. oe es See 
72. Glaskyd Inc., 125 W. 3rd St., Perrvebura, Ohio 89. Knoedler Chemical Co., Lancaster, Pe. ties - Mol-Res I 
73. Glastic Corp., The, 4321 Glenridge Road, Cleveland 21, Ohio $0. Koppere Co., Inc, Koppers te ive., ~~ BOR NH. sae. cman 
74. nig - una 900 Union Commerce Bidg., Cleveland + pone ae pas Chemteal > 105. Morel © 
75 Goodrich Chemical Co., B.F., Cleveland 15, Ohio Lewrence, Mass. Peramount, Calif. 107, lesten 4 
16. Goodyear Tire & Rubber Co., Inc., The Chemical Div.,’ 93. Lebec Chemical Corp., ’ t.. Newhall, Calif. 108. Nacmce R 

 ‘T)a4 E. Market St., Akron 16, Ohio 94. Loven Chemical of Calif., 23784 Pine St-, ° Nermeo R 
77. Great Americen Piastics Co., 85 Factory St., Neshue,N.H. 95, Luzerne Rubber Co., Trenton, 2 Island City 1, N.Y. 100. Nations! | 
78. H & R Industries, Nazareth, Pa. 96. Marblette Corp., 37-21 30th St., Long Lele ; Nettens 
79. Haveg Corp., Newark, Del. 97. Marbon Chemical, Div. of Borg-Warner Corp., ae 
80. Hercules Powder Co., Inc., Wilmington 99, Del. 7165 Chicago Ave., ery one _— $38: immed 
81. Heresite & Chemical Co., Manitowoc, Wis. 98. Melamine Plastics, Inc., - on soo n't 
82. Homalite Corp., The, Wilmington 4, Del. 99. Mesa Plastics Co., 11751 Mississipp ‘ 12, 203 Ele 
83. Houghton Laboretories, Inc., 322 Bush St., Olean, N.Y. Los Angeles 25, Calif. 


-YCLOPEDIA ISSUE -I959 i ce 


































































































VINYL POLYMERS AND COPOLYMERS 
POLY POLYTETRA- Vinyl Chloride and Vinyl 
“nine FLUORO- Vinyl Vinyl Vinyl Butyral Vinyl psec oe ~g Vinylidene Vinyl 
Polymethyl- TRIFLUORO- Acetate Alcohol Molding Compounds Carbazole P ; Chloride. Formal 
MOLDING : " . Rods, & Tubes 

Styrene ETHYLENE COMPOUND Molding Molding Molding Molding Molding 

Molding Compound Compound Rivid Flexible Compound Rigid Flexible Flexible Compounds Compound 
Compounds c Unfilled Unfilled Filied 

Good Excellent Poor Good Good Good Fair Fair to Goo Good Good Excellent Good 

300-375 445-500 ~ 250-300 280-320 280-320 340-460 285-400 285-350 285-350 220-350 300-350 

1000-8000 500- 15000 - 500-1500 1000-2000 100-3000 ‘a 1500-200! 500-2000 500-2000 250-5000 1000- 1000¢ 

375-600 440-550 - - ~ 250-340 430-600 300-400 320-385 320-385 300-400 300-401 
10000-30000 20000-40000 ii = ~ 15000-30000 “a 15000- 400 8000-25000 8000-25000 10000-30000 10000-3000( 

~ 2.0 - - - - - 2.0-2.4 2.0-2.6 2.0-2.6 2 - 
-0035-0.0046 0.005-0.010 - - - - - 0.001-0.004 0.010-0.050 0.010-0.035 0.005-0.025 0.0015-0.003 

(Varies with 
plasticizer) 

103-1. 2.1-2.2 1,181.20 | 1.21-1.31 | 1.07-1.20 | 1.05 | 1,20 1.35-1.45 | 1.161.385 | _1.3-0.7 1.65-1.72 1.2-1.4 
_26.9-26.1 13.2-12.6 ee cf) ee 25. 8-23.0 26. 2 ; 23.0 20.5-19.1 | 23.8-20.5 _ | __21.3-16.3 16.8-16.1 23.0-19.8 
1,559-1.581 _1.45-1,47 149-153. ‘ dL 48-1.49 1.47-1.49 2 1,52-1.55 = = 1.60-1.63 1.50 

6600-9000 “1500-3000, Up to 5000 1000-5000 4000-8500 500-3000 a 5000-900( 1500-3500 1000-3500 3000-5000 10000- 12006 

2.2-2.5 100-200 - 300-600 5-60 150-450 = 2.0-40 200-450 200-400 Up to 250 5-2 
4.0-4.6 - 0.58 - - 3.5-4.0 = ~ 3.5-6 - - 0.5-0.8 3. 5-6. 

= 32000-80000 1700 - ins - ws 8000- 13000 900-1700 1000-1800 2000-2700 - 
12900-16000 8250 - ~ ~ 10000 Varies depend- 1500-6000 10000- 16000 - - 4300-6100 17000-18000 

0.33-0.40 3.6 3.0 * ze 0.74-0.82 ing on type - 0.4-20 Varies depending on type and 0.3-1.0 0.8-1.4 

and amount of amount of plasticizer 
plasticizer 

- ; R110-R115_ § DS0-D65 (Shore) — 10-100 (Shore) ~ 10-100 (Shore) - 70-90 (Shore) - = M50-M65 ; M&S 

~ 6 6 = - eS ee - 3.0-7.0 __3.0-4.0 3.0-4.0 3.0 3.7 

- 0.25. 0.3! - Poe eres et | 0,2-0.28 0.3-0.5 0.3-0.5 0.32 = 

oe. 10° 23-30, | A Sa _ 8-22 ~ 5-8 | 5-18.5 ae: - 19 6.4 

210-212 Gia aes Beat" - 115 - = 120-160 150-175 150-175 160-200 120-150 

213-215 250 (66 p.s.i.) 100 - 115-140 - 210-300 130-165. ~ - 130-150 150-170 

2.65x 104 >10's - Under >10"4 5x 10'° 10'5-10'6 +10" 10''-10"3 10''.10"4 10'4-10"* - 
0-890 (1/16"") 480 - atmospheric 400 350 750-1000 425-1300 300-1000 250-800 400- 600 49( 

ms = conditions 400 325 a 375-750 275-900 225-750 400-600 455 

- 2.7-6.1 enough water 3.61 5.60 = 3.2-3.6 5.0-9.0 5.0-6.0 4.5-6.0 3.7 

2.52-2.92 = will be 3.58 5.10 3.0 2.6.9 4 4,0-8,0 4.0-5,0 3.5-5.0 3.6 

2.48-2.81 = absorbed to 3.33 3.92 3.0 2.8-3.1] 3.3-4.5 3.5-4.5 3.0-4.0 3.( 

- 0.025-0.070 make these 0.007 0.115 - 0.007-0.02 0.08-0.15 0.10-0,15 0,03-0,45 .013 
0.0002-0.0057 - measurements 0.0075 0.057 0.0004-0.001 0.009-0.017 0.07-0.16 0.09-0.16 0.06-0,075 19 
9.0005-0.0078 ~ useless 0.05-0,008 0.061 0.0004-0.001 0.006-0.019 0.04-0.14 0.09-0.10 0,05-0.08 J.023 

a mi - - - = 60-80 — ~- = > 

0.05-0.31 3 30 up 3 1.0-3.0 1.0-2.0 0.1 0.07-0.4 0,15-0.75 0,50-1,0 <0.1 _0.5-3,0 

Slow Slow Slow Slow Slow ~ Self- Slow to self- Slow to self- Self- Slow 

: , a ; extinguishing extinguishing| extinguishing extinguishing 
Yellows None None Slight Slight Slight Darkens on prolonged Slight Slight 
slightly intense exposure 
ud eam Pere : ee : ~ 
None None Softens or Slight Slight None None None None None Attacked 
weiss : dissolves J att 
Attacked & Attacked Attacked Slight Slight Attacked by None None None Highly Attacked 
cidizing acids oxidizing acids to slight to slight resistant 
None None Softens or Slight Slight None None None None Resistant Resistant 

aS Saks at ' dissolves | iN ‘ 

None Attacked Softens or Slight Slight on None None None Resistant Resistant 
Peta 30h are dissolves . ss hy Sh kigt-<?. + bs 

Gasoline Soluble Extremely Resists aliphatic hydrocarbons Soluble in Resists alcohols, aliphatic hydrocarbons and None to Attacked 

resistant in many resistant or and most oils. Swells in ketones, oromatic and oils. Soluble in ketones and esters; swells in Slight ‘by some 

cause slight unaffected esters, and aromatic hydro- chlorinated aromatic hydrocarbons 
swelling carbons, dissolves in alcohols | hydrocarbons 

Fair to good Excellent - Poor to good | Good ~ Poor to good Excellent - - Good Good to poor 
Paes WEES _—_ ee dade ae dine : oral = 
Transparent Transparent Transparent Tronsperent Transparent Transparent Opaque Transparent Transparent Translucent Transparent Transparent 

(90% light to translucent to opaque to opaque to opaque to opaque to opaque to opaque to opaque to opaque 
transmission) é ER ARIE os 
-ymac (6) Bakelite fluoro- Gelva (142), | Elvanol Butaci te (50), Butvar (142), Saflex} Polectron (66) JAce-Flex (7), Ae Riviclor (7), Agilide (4), Agilux (4), [Geon (75), Saran} Formvar (12), 

Lemac (24) (powder) (50), (104) oh (11), Bakelite (21), Belvic (147), Borden PVC Kgeneric) (48) 
Gelvatol (142), 24), Breon (26, Cadco (28), Corvic (84), Darvic (84), 
(156), Fiberfil Lemol (24), Exon (60), F il (58), Geon (75), Gering (70), Inter- 
(58), Fluoroflex- Moviol (57), plastics (8¢ nil (77), Joda (45), Marvinol (111), 
C (132), Fluoron (156), Fluorosint Resistoflex Natvar (110), Non Vine-L (112), Opalon (104), Plio- 
(150), Fluran (124,125), Hosta- (132), Vinol(40) vic (76), RC '), Resinite (25), Seilon (141), Solvic 
(159), Hostaflon [iflon TF (57), (147), Soplasco , 148), Stokes (150), Tygon (159), Velon 
C (57), Kel-F Polypenco-T (60), Vipla (37), Vygen (69), Welvic (84), Wopain (165) 
(102), Polyfluo- §(125), Teflon (50) 
ron (1) 
6 1,21,50,54,57, 24,142 24,40,50,57,132, 50,104, 142 66 4,7,9,11,20,21,24,25,26,28,30,37,45,58,60,69,70,75,76,) 20,48,75, 126 142 
58,65, 102,132, 65,84,124,125, 142 77,84,86,95, 104,110,111, 112, 126, 139, 141, 147, 148, 150 
150, 156,159,163 132,156 159,165 
‘ 
-_—-—_— ——____-—— $$ ican ; ne aa 
Midwest Plastic Products Co., 1801 Chicago Rd., 113. Nureco Inc., 1100 Pontiac Ave., Cranston 10, R. I. 128. Reritan Plastics Corp., Erie St., Paterson 4, N.J. 143. Shell 
Chicago Heights, Ill, 114. FMC Organic Chemicals Div. (Ohio-Apex), Food 129. Reybestos-Manhattan, Inc., Manheim, Pe. 144. Sherw 
Minneapolis-Honeywell Regulator Co., 2753 4th Ave. Mechinery and 7 ee Corp., 161 E. 42nd St., 130. Reichhold Chemicals, Inc., 525 North Broadway, 145. Shoe H 
South, ee, & Minn. New York 17, N. Y. White Pleins, N. Y. 146. Sierra 
Minnesota Mining and Mfg. Co., preety City Chemical 115. Phillips Gheiees Co., Bartlesvilie, Okle. 131. Ren Plastics, Inc., 3179 S. Cedar Rd., Lansing 4, Mich. 147. Solvic 
Div., 75 Droyers St., Jersey City, N. J. 116. Pioneer Scientific Corp., Great Neck, N. Y. 132. Resistoflex Corp., Belleville 9, N.J. Bruss 
Mol-Rez Div., American Petrochemical Corp., 117. Pitt-Consol Chemical Co., 191 Doremus Ave., 133. Rezolin, Inc., 1651 18th St., Sante Monice, Calif. 148. South 
3134 California St., Minneepolis 18, Minn. Newark 5, N. J. 134. Richardson Co., The, 2747 Lake St., Melrose Perk, Ill. 149. Spence 
Monsanto Chemical Co., Plastics Div., Springfield 2,Mess. 118. Pittsburgh Plate Glass Co., Paint Div., 1 Gateway 135. Robertson Co., H.H., 2407 Farmers Bank Blidg., 150. Stoke 
Morrell Corp., George, Muskegon Heights, Mich. Center, Pittsburgh 22, Pa. Pittsburgh 22, Pa. Ratte 
Muehistein, H. & Co., 60 E. 42nd St., New York 17, N.Y. 119. Plastic Horizons, Inc., 2 E. Sth St., Paterson 1, N.J. 136. Rogers Corp., Rogers, Conn. 151. Styre 
Mycalex Corp. of Américe, ay Clifton Bivd., Clifton, N.J. 120. Plastic Materials, Inc., New South Rd., Hicksville, N.Y. 137. Rohm & Haes Co., Washington Sq., Philadelphia 5, Pa. 1S2. Syl ve 
ngs Co., ictoria St., 121. Plastics Engineering Co., Sheboygan, Wis. 138. Rostorte Corp., 135 Eerl Ave., Lafayette, Ind. Phile 
Coste Mesa, Calif. 122. Plicose Manufecturing Corp. » 71 Box St., Bklyn 22, N.Y. 139. Rubber Corp. of America, New South Rd., Hicksville, N.Y 153. Synv 
National Polymer Products. Inc., 125 N. Fourth St., 123, Poly Resins, Sun Valley, Calif. 140. Sandee Manufacturing Co., 5050 Foster Ave., 154. Thio 
Reading, Pa. 124, Polymer Corp. of Pa., 2140 Fairmont Ave., Reading, Pe. Chicago 30, Il. 155. Tyle 
Natver Corp., P.O. Box 67, Rahway, N.J. 125. Polypenco, Inc., 2150 Fairmont Ave., Reading, Pa. 141. Seiberling Rubber Co., Plastics Div., Newcomerstown, 156. Unite 
Naugatuck Chemical, Div. United States Rubber Co., 126. Premier Thermo-Plastic Co., Middletown Road, Ohio 157. U.S. 
~ ~~ St., Neugetuck, Conn. eae, Ke Ky 142. Shawinigan Products Corp., 350 Fifth Ave., Prod 
ixon Nitration Works, Nixon, N. J. 127. Products Research, 3126 Los Feliz Bivd., New York 1, N.Y. 158. U.S. 


Los Angeles, Calif. Metu 
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NCYCLOPEDIA 


STYRENE BLENDS 



































Acry- Acrylonitrile- Polymethyl- 
lonitrile- Butadiene- Styrene 
Styrene Styrene Molding 
Copolymer Copolymers Compounds 
Good i1~Excellent Good 
aan 00-40( 300-375 300-375 
 etitee 2 0.10000 00-8000 1000-8000 
a 375-600 350-606 375-600 
ee | 000-3306 000 10000-30000 
1 caaarainesniigtiinienss 
1.6°2.4 - 
002- i) « if N04 035-0.00464 
ny 1,075-1.10 1,01-1.10 1.03- 1.06 
Fi 25.8-25.2 27.4-25.2 26.9-26.1 
pa 
hi 1,57 - 1.559-1.581 
7500- 1200¢ Of 6600-9000 
: ( 2.2-2.5 
4-5.¢ -4,1 4.0-4.6 
; ——_——— - 
14 ( ( ( 5 -_ 
k ld 19 ; 12900-16000 
bi ) 0.33-0.4C 
a 
M80-M83 R60-R1 1 - 
2.9 3,4-6.0 - 
0,32-0.34 0,35-0.38 - 
6-8 6-13 - 
i 190-205 150-200 210-212 
195-200 170-205 213-215 
10'¢ x10'*-1¢ 2.65x 10" 
. 400-5 410 610-890 (1/16"") 
ae } v be 4] = 
2 )-4 - 
2.5 2.7-4.75 2.52-2.92 
75-3, 4.75 2.48-2.81 
Of 02 - 
( 1 09- 0.0002-0.0057 
007-0,01 2¢ 0.0005-0.0078 
100-15 Q * 
% 0,20-0.30 0.2-0.3 0.05-0.31 
iy ae Slow Slow Slow 
Yellows None to Yellows Yellows 
slightly slightly slightly 
; None None None 
eotrarr ets 
Attacked by Attacked by Attacked by 
oxidizing acids oxidizing acids oxidizing acids 
Si eine dita 
None None None 
b= = 
iN None None None 
ns: Soluble in Resistant & soluble Gasoline 
; "> ketones, esters in ketones, esters, resistant 
“ fe some chlori- & some chlorinated 
hd nated hydro- hydrocarbons 
A carbons 
Lease Good Good to excellent Fair to good 
eS ne 
. »S y Transparent Translucent Transparent 
ai 3 ( 80-88% light) to opaque (90% light 
vale transmission) 
SB ane Bakelite (21) Cycolac (97), Erinoid | Cymac (6) 
hes Carinex (151), [(151), Genco (68), 
2 Mae Cata (33), Good-rite Polyblend 
fies % Fosta Nitrile (75), Kralastic (111), 
she (62), Tyril (48 Midwest-Midlon C 
3 (100 
21,33,48,62, 128} 68,75,97,100,111, 6 
oe » 151,163 128,151 
a 





fn thickness, volts per m 


mh thickness, volts perm 


Industries Ltd.,London S.W. 1, England 100. 
«» 67 W. 44th St., New York 36, N q! 
, 120 E. 56th St., New York 22, N. Y. 101 
Div., Minn. Mining & Mfg. Co., 
Newark, N. J. 102 
pper College Ave., Waterville, Me. 
Co., Lancester, Pa. 103 
Koppers Bidg., eg = 19, Pa, 
orp., Sundial Ave., Menchester, N. H. 104, 
e and Chemical Co., Inc. 105. 
106. 
orp., Paramount, Calif. 107 


Calif., 23784 Pine St., Newhell, Calif. 


>», Trenton, N. J. 


-21 30th St., Long Island City 1, N.Y. 








Div. of Borg-Werner Corp., 


, Geary, Ind. 


, Inc., Winone, Minn. 
, 11751 Mississippi Ave., 


elif. 


POLY- 
CHLORO- 


TRIFLUORO- 
ETHYLENE 


Excellent 
445-500 
500- 15000 
440-550 
20000-40000 
2.0 
0.005-0.010 


2.1 
13.2 
1.43 
5700 
100-200 
2-3 
32000-80000 
8250 


R110-R115 
6 
0.22 
4.5-7.0 

390 
1.2x 10" 
530 
600 
2.24-2.8 
2.3 
2.5 
0,0012 
0.0036 
0.0036 
360 
0.00 


None 


None 


None 


None 


None 
None 


Halogenated 

compounds 

cause slight 
swelling 


Excellent 


Transparent 
to translucent 


Bakelite fluoro- 
thene (21), 
Chemelec 500 
(156), Fiberfil 


(58), Fluoroflex- 


C (132), Fluoron 
(150), Fluran 
(159), Hostaflon 
C (57), Kel-F 
(102), Polyfluo- 
ron (1) 


1 -21,50,54,57, 
58,65, 102,132, 
150, 156,159,163 












ISSUE -1I959° 





VINYL POLYMERS AND COPOLYMERS 
































































POLYTETRA- Vinyl Chiori 
be i Vinyl! Vinyl Vinyl Butyral Vinyl po = 
Acetate Alcohol Molding Compounds Carbazole — 
MOLDING ‘ : : Rods, ! 
COMPOUND Molding Molding Molding 
Compound Compound Rivid Flexible Compound Rigid Flex 
. Unfilled Unfi 
: 
Poor Good Good Good Fair Fair to Good Go 
- 250-300 280-320 280-320 340-460 285-400 285 
- 500-1500 1000-2000 100-3000 - 1500-2000 500- 
- - - 250-340 430-600 300-400 320 
sa = a 15000-30000 ad 15000-40000 8000- 
~~ - os - a 2.0-2.4 2.0 
~ = os - a 0.001-0.004 0.01¢ 
(Varie 
plast 
2.1-2.2 1,181.20 1.21-1.31 1.07-1.20 1.05 1.20 1.35-1.45 ue 
13,2-12.6 23.4-23.0 22.9-21.1 25.8-23.0 26.2 23.0 20.5-19.1 23.1 
1.35 1.45-1.47 1,49-1.53 1.48-1.49 1.47-1.49 “ 1,52-1.55 
1500-3000 Up to 5000 1000-5000 4000-8500 500-3000 i 5000-9000 150( 
100-200 < 300-600 5-60 150-450 i 2.0-40 20 
0.58 = - 3.5-4.0 - - 3.5-6 
1700 é m - - “ 8000- 13000 900 
7 = 10000 Varies depend- 1500-6000 10000- 16000 
3.0 - ia 0.74-0.82 ing on type - 0.4-20 Vari 
and amount of C 
plasticizer 
D50-D65 (Shore) - 10-100 (Shore) - 10-100 (Shore) = 70-90 (Shore) 
eT SS A aS ees Tee ey 3.1 
0.25 ae 8.77 2 § pane Fa - ES Oe SOS Gee ee! She ae “ - \ 0.5 
10 23-30 7.12 -22 . 5-8 5-18.5 eee. 
500 = = 5 - = 120-160 1S 
250 (66 p.s.i.) 100 - 115-140 - 210-300 130-165 
10'S - Under 10'4 5x 10'° 10'S-10'¢ >10"* 10! 
480 - atmospheric 400 350 750-1000 425-1300 300 
430 io conditions 400 325 = 375-750 272. 
2.0 2.76.1 enough water 3.61 5.60 2 3.2-3.6 2. 
( ‘és will be 3.58 5.10 3.0 3.0-3.3 4, 
2.0 - absorbed to 3.33 3.92 3.0 2.8-3.1 3, 
0,0003 0.025-0.070 make these 0.007 0.115 a 0.007-0.02 0.0 
0.0003 - measurements 0.0075 0.057 0.0004-0.001 0.009-0.017 0.0 
0.0003 - useless 0.05-0,008 0.061 0.0004-0.001 0.006-0.019 0.0 
200 ~ = ~ = = 60-80 
0.005 3 30 up 1,0-3.0 1,0-2.0 0.1 0.07-0.4 0.1 
None Slow Slow Slow Slow a Self- Slow 
extinguishing exti 
None None None Slight Slight Slight Darkens 
intense 
None Softens or Slight Slight None None r 
dissolves 
Attacked Attacked Slight Slight Attacked by None t 
oxidizing acids to 
None Softens or Slight Slight None None I 
dissolves 
Attacked Softens or Slight Slight < None 1 
dissolves 
Soluble Extremely Resists aliphatic hydrocarbons Soluble in Resists alcohols, al) 
in many resistant or and most oils. Swells in ketones, aromotic and oils. Soluble in keto 
unaffected esters, and aromatic hydro- chlorinated aromatic 
carbons, dissolves in alcohols hydrocarbons 
Excellent - Poor to good Good - Poor to good Excellent 
Opaque Transparent Transparent Transparent Transparent Opaque Transparent Tran 
to opaque to opaque to opaque to opaque to « 
Chemelec 300 Gelva (142), Elvanol Butaci te (50), Butvar (142), Saflex} Polectron (66) Wce-Flex (7), Ace Riviclor 


(156), Chemlon 
(43), Fluon (84), 
Fluoroflex-T 
(132), Fluoroplast 
(156), Fluorosint 
(124,125), Hosta- 
flon TF (57), 
Polypenco-T 
(125), Teflon (50) 


30,43,50,54,57, 
65,84,124,125, 
132,156 


Midwest Plastic Products Co., 1801 Chicago Rd., 
Chicago Heights, Ill, 


South, Minneapolis, Minn. 


. Minnesota Mining and Mf 


. Minneapolis-Honeywell Regulator Co., 2753 4th Ave. 


«- Co., Jersey City Chemical 


Div., 75 Droyers St., Jersey City, N. J 
Mol-Rez Div., American Petrochemical Corp., 
3134 California St., Minneapolis 18, Minn. 
Monsanto Chemical Co., Plastics Div., Springfield 2,Mass. 
Morrell Corp., George, Muskegon Heights, Mich. 


Muehl stein, H. & Co., 60 E. 42nd St., New York 1 
+ Mycelex Corp. of America, 125 Clifton Blvd., Clifton, 
108. 


7, N 


Narmco Resins and Coatings Co., 600 Victoria St., 


Coste Mesa, Calif. 


+ National Polymer Products. 


Reading, Pa. 


Inc., 


- Netver Corp., P.O. Box 67, Rahway, N.J 
. Naugetuck Chemical, Div. United States 


203 Elm St., Naugetuck, Conn. 


. Nixon Nitration Works, Nixon, N. J. 


125 N. Fourth St., 


Rubber Co., 









Lemac (24) 


24,142 


(powder) (50), 
Gelvatol (142), 
Lemol (24), 
Moviol (57), 
Resistoflex 


(132), Vinol(40) 


24,40,50,57,132 
142 





BA 
N.J. 





13. Nureco Inc., 1100 Pontiac Ave., Cranston 10, R. I. 
. FMC Organic Chemicals Div. (Ohio-Apex), Food 


(104) 


50,104,142 





Mechinery and Chemical Corp., 161 E. 42nd St., 


New York 17, N. Y. 


. Phillips Chemical Co., Bartlesville, Okla. 
- Pioneer Scientific Corp., Great Neck, N. Y. 
- Pitt-Consol Chemical Co., 191 Doremus Ave., 


Newark 5, N. J. 


. Pittsburgh Plate Glass Co., Paint Div., 1 Gateway 


Center, Pittsburgh 22, Pa. 


. Plastic Horizons, Inc., 2 E. Sth St., Paterson 1, N 
. Plastic Materials, Inc., New South Rd., Hicksville 
. Plastics Engineering Co., Sheboygan, Wis. 

. Plicose Manufecturing Corp., 71 Box St., Bklyn 22, N.Y. 
. Poly Resins, Sun Valley, Calif. 
. Polymer Corp. of Pe., 2140 Fairmont Ave., Reading, Pe. 
+ Polypenco, Inc., 2150 Fairmont Ave., Reading, Pa. 
. Premier Thermo-Plastic Co., Middletown Road, 


effersontown, Ky. 


roducts Research, 3126 Los Feliz Bivd., 


Los Angeles, Calif. 


Ampacet (11), Bakelite (21) 
24), Breon (26), Cadco (28 
Exon (60), Fibertil (58), Ge 
plastics (86), Irvinil (77), 5 
Natvar (110), Nixon Vine-L 
vic (76), RC (139), Resinit 
(147), Soplasco (148), Stok: 
60), Vipla (37), Vygen (69 


4,7,9,11,20,21,24,25,26,2 
77,84,86,95, 104,110,111 
159,165 





J. 
N.Y. 


. Raritan Plastics C 
- Reybestos-Menhat'! 
+ Reichhold Chemic: 
White Pleins, N. Y 
. Ren Plastics, Inc. 
. Resistoflex Corp., 
+ Rezolin, Inc., 165 
. Richardson Co., T 
+ Robertson Co., H. 
Pittsburgh 22, Pa. 
. Rogers Corp., Rog 
» Rohm & Haes Co., 
-« Rostorte Corp., 13 
+ Rubber Corp. of A 
- Sandee Manufectu 
Chicago 30, lll. 
+ Seiberling Rubber 
Ohio 


+ Shawinigan Produ: 
New York 1, N.Y. 


leshele, aliphatic hydrocarbons and 
ble in ketones and esters; swells in 
aromatic hydrocarbons 


ce Riviclor (7), Agilide (4), Agilux (4), 
akelite (21), Belvic (147), Borden PVC 
, Cadco (28), Corvic (84), Darvic (84), 
rfil (58), Geon (75), Gering (70), Inter- 
vinil (77), Joda (45), Marvinol (111), 
ixon Vine-L (112), Opalon (104), Plio- 
9), Resinite (25), Seilon (141), Solvic 
(148), Stokes (150), Tygon (159), Velon 
, Vygen (69), Welvic (84), Wopain (165) 






|,24,25,26,28,30,37,45,58,60,69,70,75,7 
104,110,111, 112,126, 139, 141,147, 148,1 





Special grades of materials are often available that excel in one particular property. The manufacturers should 


always be consulted before making a choice of material. In order to facilitate communications with the producers 


of these materials, the names and addresses of manufacturers of each of these chemical types of plastics are 


listed in the chart. Complete street addresses will be found in the Directory Section. Check with materials 


suppliers for type of filler desired. 





liny! Chioride and Vinyl 
hloride-Acetate Molding 
>ompounds and Sheets, 





Rods, & Tubes 
Flexible Flexible 
Unfilled Filled 
Good Good 
285-350 285-350 
500-2000 500-2000 
320-385 320-385 
8000-25000 8000-25000 
2.0-2.6 2.0-2.6 
0.010-0.050 0.010-0.035 
(Varies with 
plasticizer) 
1.16-1.35 | 1.30.7 
23.8-20.5 |  21.3-16.3. I 
1500-3500 1000-3500 | 
200-450 200-400 
900- 1700 1000-1800 


3.0-4.0 
} _._.0.3-0.5 
=~ 6 

150-175 


—_— 


10''.10"3 
300-1000 
275-900 
5.0-9.0 
4,0-8,0 
3.3°4.5 
0.08-0.15 
0.07-0.16 
0.04-0.14 


0.15-0.75 
Slow to self- 
extinguishing 
intense exposure 
None 


None 


to slight 
None 


None 


Varies depending on type and 
amount of plasticizer 


Darkens on prolonged 


3.0-4.0 
0.3-0.5. 


- 


150-175 
10"' i 1Q'4 
250-800 
225-750 
5.0-6.0 
4.0-5.0 
3.5-4.5 
0.10-0,15 
0.09-0.16 
0.09-0.10 


0,50-1.0 


Slow to self- 
extinguishing 


None 


None 


to slight 
None 


None 








Transparent 
to opaque 


Translucent 
to opaque 





) Plastics Corp., Erie St., Paterson 4, N.J. 
:tos-Manhattan, Inc., Manheim, Pa. 
old Chemicals, Inc., 525 North Broadway, 
>leins, N. Y. 
astics, Inc., 3179 S. Cedar Rd., Lansing 4, Mich. 
oflex Corp., Belleville 9, N.J. 
n, Inc., 1651 18th St., Sante Monice, Calif. 
dson Co., The, 2747 Lake St., Melrose Park, Ill. 
on Co., H.H., 2407 Farmers Bank Blidg., 
gh 22, Pa. 
Corp., Rogers, Conn. 
Hees Co., Washington Sq., Philadelphia 5, Pa. 
e Corp., 135 Eerl Ave., Lafayette, Ind. 
Corp. of America, New South Rd., Hicksville, N.Y. 
Maenufecturing Co., 5050 Foster Ave., 
lo 30, Il. 
ing Rubber Co., Plastics Div., Newcomerstown, 


igan Products Corp., 350 Fifth Ave., 
brk 1, N.Y. 















































































143. Shell Chemical Corp., 380 Medison Ave., New York 17,N.Y. 
144. Sherwin-Williams Co., Chicago 28, Ill. 

145. Shoe Form Co., Inc., Auburn, N. Y. 

146. Sierracin Corp., 1121 Isabel St., Burbank, Calif. 


+ Solvic Society Anonyme, 244, Rue de le Loi, 
Brussels, Belgium 
. Southern Plastics Co., Columbia 1, S. C. 
- Spencer Chemical Co., Dwight Bldg., Kanses City 5, Mo. 
+ Stokes Molded Products, Div. of Electric Storage 
Battery Co., Taylor St., Trenton 4, N.J. 
. Styrene Products Ltd., London W. 1, England 
- Sylvan Plastics, Inc., 1617 Penne. Blvd., 
Philadelphia, Pa. 
. Synver Corp., Wilmington 99, Del. 
« Thiokol Chemical Corp., Trenton 7, oe 
+ Tylene Plastics, Inc., Freyer Rd., Michigan City, Ind. 
- United States Gasket Co., 602 N. 10th St., Camden 1, N.J. 
. U.S. Industrial Chemicals Co., Div. National Distillers 
Products Corp., 99 Park Ave., New York 16, N.Y. 
U.S. Plastic Products Corp., Lake and Whitman Ave., 
Metuchen, N.J. 
































: Rubber Molding Compounds 
Vinylidene Vinyl Cold Molded Inorganic Molded 
Chloride Formal Plastics Hard Rubber 
Molding Molding Non- Refractory Glass-Bonded Mica Chiorinated comes 
Compounds, | Compound Refractory Georpanie) — Rubber No Filler inera 
(Organic) g Compression Injection Filler 
Excellent Good Fair to Good Fair to Good Fair to Good Good Fair Good Good 
220-350 300-350 - - 1250 - 280-340 285-350 285-350 
250-5000 1000-10000 2000-4000 1000- 10000 2000-4000 - 2000-6000 1200-1800 1200-1800 
300-400 300-400 - - ~ 1200 300-340 200-350 230-350 
10000-30000 10000-30000 - - - 10000-20000 3000- 10000 2000-5000 2000-5010 
2 - 2.5 2.0-3.0 3-4 - 2.2-2.6 1-1.2 1-6 
0.005-0.025 0.0015-0.003 0.010-0.017 0.000-0.010 0.000 0.000 = 0.006-0.032 0.006-0.012 
| 1651.72 | 1.204 = 1.87-2.15 | imaa.). 26-38 | 1.64 1.14 1,30-1.82 
_16.8-16.1 | 23.0-19.8 9B 14.8-12.9 17.3-12.7_ | rr * 10.5-7.4 ~ 69 24.2 21.3-15.2 
1.60-1.63 | 1.50  aicer’ 2 “s rita 1.56 - - 
3000-5000 10000-12000 1400-3000 2200 6000-9500 6000 2700-5000 8000- 10000 1000-4000 
Up to 250 5-20 - - - - 0.5-2.2 5-7.5 1-3 
0.5-0.8 3.5-6.0 - - 90-120 70-80 1-6 3.0 1.5 
2000-2700 - 6000- 15000 18000 35000-42000 23000 - 8000- 12000 - 
4300-6100 17000-18000 3700-10000 2000-7500 15000-19000 13000 9000-16000 15000 7500 
0.3-1.0 0.8-1.4 0.4 0.4 1.8 0.6-0.7 0.14-2.8 0.5 0.2-0.4 
M50-M65 M85 M80-M90 M75-M95 M110-M120 M115-M130 M80-M110 L85-1.100 L85-L100 
eee 3.7 Rey eer - a 9.5-13 3.0 ae 5.0 
0.32. 2 -__ - - 0.16 0.13-0.24 0.39-0.43 0.40 0.28 
=o 6.4 = - ee ional | : 12-13 ads 5.4 
160-200 120-150 f 500 —*(| ~ ~—- 900-1300 | 600-1000 | 00-00 | SS teal ieee 
130-150 150-170 >400 >400 850 700 140 140 260 
10'4-10"¢ = 1.3 x 10" - 10'4.10'S 104.10" 1.5x 10" 2x 10'S 2x 10"3 
400- 600 490 85-115 45 - ~ - 470 400 
400-600 455 50-75 50-80 440-600 400-500 - 420 350 
4.5-6.0  B 17-28 ~ 6.95-7.60 6.95-9.3 3 ins a 
3.5-5.0 3.6 12-18 - 6.9-7.85 6.9-9.25 3 3.0 5.8 
3.0-4.0 3.0 6.0 ~ 6.9-7.85 6.9-9.2 - 2.8 o 
0,03-0,45 0.013 0.20 - 0.0035-0.007 0.007-0.050 0.003 ~- ea 
0,06-0,075 0.019 - - 0.0028-0.004 0.0038-0.020 - 0.004 0.006 
0.05-0.08 0.023 0.07 - 0.0015-0.002 0.0015-0.012 0.006 0.06 - 
- - 75-200 100-500 300 250 ~ - - 
<0.1 0,5-3.0 0.55-2.0 x 0.5-15 __ Nil Nil 0.1-0.3 0.02 0.02 
Self- Slow Nil Nil Nil Nil Nil Medium Medium 
extinguishing | Pee a ate 
Slight Slight - Nil Nil Nil Darkens Discolors; sur- Discolors 
face resistivity 
3 it la cea Pe, decreases 
None Attacked Slight Slight Slight Slight Resistant Resistant Resistant 
Highly Attacked Decomposes Decomposes Decomposes Decomposes Resistant Attacked by Attacked by 
resistant oxidizing acids | oxidizing acids 
Resistant Resistant None None Slight Slight Resistant Resistant Resistant 
Resistant Resistant Decomposes None Decomposes Decomposes Resistant Resistant Resistant 
None to Attacked Attacked None None None Soluble in aro- Attacked by Attacked by 
Slight by some by some matic hydrocarbons some some 
Good Good to poor Poor to fair Poor Good Good Pee? y Good Foir 
Transparent Transparent Opaque Opaque Opaque Opaque Translucent Opaqve Opaque 
to opaque to opaque to opaque 
BORER IONE LR 
Geon (75), Saran} Formvar (12), [Ace Tex (7), Aico} Aico (8), Hemit | GE Mycalex (67), Mycalex (107), Ace (7), Alloprene| Ace (7), Luzerne (95), Rub-Erok 
(generic) (48) (8), Garit (64), (64), Rosite Mykroy (54), Supramica (107) (84), Parton (80) (134), Stokohard (150), Stoko- Therm 
Gummon (64), (138), Thermo- (150) 
Rosite (138), plax (44) 
Tegit (64), 
Thermoplax (44) 
7,95,134,\80 " 


159. 
160. 


United States Stoneware Co., Tallmadge Ave., 

Akron 9, Ohio 

Valite Corp., New Orleans 17, La. 

161. Watertown Mfg. Co., Watertown, Conn. 

162. Westinghouse Electric Corp., Benolite Plant, Manor, Pa. 
. Westlake Plastics Co., Lenni Mills, Pa. 

164. Woodall Industries, Inc., 7565 E. McNichols kd., 
Detroit 34, Mich. 


165. Worble Ltd., Papiermuehle-Berne, Switzerland 


*Copyrighted 1958 by Plastics Catalogue Corp., 575 Madison 
Avenue, New York 22, New York. All rights reserved, including 
the right to reproduce the chart or portions thereof in any form. 
Supplement To Modern Plastics Encyclopedia issue, Sept.1958. 





his chart covers molding and extr 5, Cast resins, and sheet, rod, and tube stock. The values Cc 
for the properties in the rt ore t ximum and minimum figures submitted by a number of manu- 
facturers of each type of plast ster ices in these procedures and sizes of test specimens may 


ead to erroneous co ’ ; ne comparisons are attempted. 



































































































— 
FURAN MELAMINE-FORMALDEHYDE MOLDING COMPOU 
DIALLYL PHTHALATE MOLDING we? 
CASEIN MOLDING COMPOUNDS EPOXY 
COMPOUNDS 
MOLDING MOLDING Mace 
COMPOUND COMPOUNDS No Alpha Cellulose Flock Asbestos ‘ | 
Fil aes | im Fil Filler : 
Glass Mineral Synthetic Asbestos Wer Filler wer wer Fi 
Filled Filled Fiber Filled Filler 
Excellent Excellent od Excellent Good Good Excellent Good Good Good Gi 
270-32( 270-32( 270-320 275-300 275-300 300-330 280-370 290-360 275-330 280-340 275 
500-200€ 500-300¢ 3000 500-1000 100-500 2000-5000 1500-8000 1500-6000 4000-8000 1000-7000 4000 
: 1.9-4.8 1.2-2.3 2+5.2 - - 2.0 2.1-3.1 2.2-2.5 4-7 2.1-2.5 5. 
ve 0.002-0.004 0.005-0.01 -0.010 0.004 - 0.011-0.012 0.006-0.015 0.006-0.008 0.006-0.007 0.005-0.007 0.003 
1.35 1.55-1.59 1.55-1.68 1.31-1.45 1.8 1.75 1.48 ‘147-152 | 1.45 1,501.55 | 1.70-2.0 |) 
20.5 : - : 15.3 15.8 18.7 | 18,8-18.2 | 19.1 18.5-17.8 fs 16.3-13.8 | 
et Not Applicable | Not Applicable | Not Applicable - - = me & = | ee SRE ete 
1000¢ 7500 5500 6000 = 3000-4500 . 7000-13000 5000-9000 7000-9000 5500-7000 | 9500- 
2.5 - - é - és - 0.6-0.9 0.6 - 0.30-0.45 0. 
5.1-5.7 - _ i 13.5 15.8 = 13 WW 2 16 | 
27000-53000 25000 25000 30000 13000- 15000 10000-13000 § 40000-45000 | 25000-43000 33500 30000-35000 30000 30000 
10000- 18000 9500-18000 8000-11000 8500-11500 0.80 6000-9000 11000-14000 | 10000-16000 9000-11500 13000 9000-11000 | 12000 
1.0 0.5-15.0 0.3-0.45 0.55-4.5 ~ - - 0.24-0.35 0.27-0.36 0.4-0.45 0.28-0.4 0.6: 
M70-M100 - M99 M108 = R110 ‘ M110-M125___ |. M115-M125 a MIO. =| MI 
= = - ~ - ~ ees eS 6,5-8.5 - 13-17 10 
4,1-6.8 2.2 3.5 i - ra we as = 4.0 4.5 “ 2.0-4,5 2 
275 400-450 400-450 350-400 _ - 265-330 § 210. 210 250 250 250-400} 2 
300 350-400 300-320 260-290 - | are 298 400 266 - 265 3 
= 1x 10’ 4x 10" 1x 10" 10.5 x 10" on - 10'?-10'4 on = 2.4 x 10" 10°- 
400-700 400 375-378 350-400 433 - - 300-400 350-400 300-330 350-400 250. 
a 382 275-303 275-350 384 - - 250-300 250-350 - 320 200 
a a - 3-8 3.43 ~ ~ 7.9-9,5 6.2-7.6 - 6.4-10,2 7.6 
- 4.2 5.2-6.2 3.7-4,0 4,36 - - 7.8-9.2 6.0-7.5 - 9.0 7.1 
6.1-6.€ 4.3 4.5-6.0 3.3-3.6 4.37 - ~~ 7.2-8.2 4.7-7.0 - 6.1-6.7 6.5 
. = _ 0.026 0.38 - - 0,030-0.080 0,019-0,033 - 0.07-0.17 0.07 
- 0.004 0.04-0.08 0,020-0,025 0,24 - - 0.015-0.036 0.013-0.034 - 0.07 0,03 
0.052 0.0] 0.04-0.06 0.015-0.020 0.0265 “ - 0,027-0.045 0,032-0,060 _ 0.041-0.050 0. 
1 125 140 105-125 154 ™ 100-145 _110- 180 95-135 | 110-150 120-140 | 115 
7-14 0.2 0.2 0.2 0.05-0,10 0.01-0.2 0,3-0.5 | 0,1-0.6 | 0,34-0.80 | 0,16-0.3 | 0.08-0.14 j 0,3 
Very low Self- Sel f- Self- Medium Slow Self- None None None None N 
extinguishing extinguishing extinguishing extinguishing 
Colors may None None None Slight None Colors may Slight color Slight color Slight color Slight color SI 
fade discoloring fade change change change change disce 
——ae 6 . sae SS eS 
Resistant None None None None None None None None None None N 
to slight to slight to slight to slight 
= 8 ae Sel, Po: eka TE! Te ee aa! OE ae 
Decomposes Slight Slight Slight Attacked Attacked by - Decomposes | Decomposes | Decomposes | Decomposes Dec 
oxidizing acids 
Decomposes None None None None None None None None None Very slight N 
Decomposes Slight Slight Slight None None to ~- Attacked Decomposes | Decomposes Slight At 
slight 4 = ee VAS SESS ae 7, PO Cees CFS SSS 
Resistant None None None None Resistant None None None None on bleed- None None 
ee ew ee ll SD 
Good Good Good Excellent Foir Foirto good Bo -— | Fair Good ae ee ee ee 
Transparent Opaque Opaque Opaque Opaque Opaque Opalescent Translucent Opaque Opaque Opaque OF 
to opaque 
Ameroid (12), Acme (1), Dapon (114), Diall (99), Durez (51) Tybon 5621-6 Alcylite (94), Alcylite (94), Cymel (6), Fiberite (59), Melantine (38), Permelite (98), Plaskon (22), F 
Galom (105) (10) Atlasware (18), 
Duralon (159), 
Haveg (79), Jet- 
Kote (63) 



























1,51,99,114 18,35,63,79,94, 6,22,38,59,98, 104 


159 


1. Acme Resin Corp, 1401 Circle pves, Foveot Fork, S. " 14. one Plastics Co., 36-36 36th St., Long Island City Sy —> > 
) . ic 2, 99th St., n. 36,N.Y. , N.Y. . 

2. Acryvin Corp. of America: {ne, $25 W. Adame St., 15. Archer-Daniels-Midland Co., Chemical Products Div., 28. Cadillac 
Conneaut, Ohio 2191 W. 110th St., Cleveland 2, Ohio Detroit 3, 
4. American Agile Corp., Maple Hgts., Ohio 16. Aries Laboratories, Inc., 45-33 Davis St., Long Island 29. Campco [ 
5. American Alkyd Industries, Broad and 14th Sts., City 1, N. Y. Normandy 
~ Carlstadt, N.Jj. 17. Armstrong and Associates, C. W., Argonne Road, 30. Canadian 

6. American Cyanamid Co., 30 Rockefeller Plaza, Warsaw, Ind. Canade 
New York 20, N. Y- 18. Atlas Mineral Products Co., The, Mertztown, Pa. 30a. Capac I: 
LIST OF 7. American Hard Rubber Co., 93 Worth St., New York 13, N.Y. 19. Atlas Powder Co., Wilmington 99, Del. 31, Carboline 
ERS 8. American Insulator Corp., Nev a — nite ohne 20. Auburn Button Works, Inc., 48 Canoga St., Auburn, N. Y. *. one Se 

9. American Lucoflex, Inc., 500 Fift ve., New Yor ,N.Y. 21. Bekelite Co., Div. of Union Carbide & Carbon Corp., . Catalin 
MANU FACTUR R 10. pycner etal a eo Co., Adhesive, Resin, and Chemical 30 East 42nd St., New York 17, N. Y. 34. Celanese 
Div., 3400 13th Ave., S.W., Seattle, Wash. 22. Allied Chemical Corp., Plastics and Coal Chemicals 744 Broa 
11. American Molding Powder & ( emiceal Corp., 703 Bedford Div., 40 Rector St., New York 6, N. Y. 35. Chemical 
Ave., Brooklyn 6, N. Y. . 23. Biggs Co., Inc., Carl H., 2255 Barry Ave., Los Angeles Brooke S 
12. American Plastics Corp., 342 Madison Ave., New York 64, Calif. 36. Chemical 
17, N. Y. : 24. Borden Chemical Co., The, Div. of The Borden Co., 37. Chemore 
13. American Reinforced Sales, 650 S. Spring St., 350 Madison Ave., New York 17, N. Y. 38. Ciba Co. 
Los Angeles 14, Calif. 25. Borden Chemical Co., The, Div. of The Borden Co., 39. Coast Pr 


Resinite Dept., Sante Barbera, Calif. Los Ang 
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PHENOL-FORMALDEHYDE AND PHENOL-FURFURAL MOLDING COMPOUNDS 
COMPOUNDS 
“ mi Compounded with Butadiene-Acrylonitrile 
ulp 
Macerated Macerated Copolymer 
r ———— 
Macerated Fabric Giass " — nein Mice a Fabric 42] F — Woodflour | | 
j i Fiber , Wher | 
— —— Fal Filler | Cotton Flock | Filler Filler Fier | Cot | Molding ant Asbestos | = Rag 
Filler (Phenolic iller Filler Filler Board Cotton Flock Filler | — Filler 
Modified) Filler 
alti 
Good Good Good Fair Excellent Good to fair | Good to fair Good Good to fair Good Fair to good | Fair to good | Fair tog 
975-330 300-350 280-340 270-320 290-380 270-380 280-350 280-350 280-380 290-350 300-360 310-360 | 310-3¢ 
4000-8000 | 4000-8000 | 3000-6000 f 2000-5000 | 1500-5000 _| 500-6000 2000-5500 | 1000-5000 | 2000-6500 | 2000-5000 | 2000-6000 | 2000-6000 | 2000-6000 
5-10 5-10 * 2.0-2.5 2.1-4.4 2.0-14 2.1-2.7 6.1 3.5-18.0 1.5-3.5 2-4 2.5 1.6: 
- 1 0,003-0.004 | 0.003-0.006 | 0.001-0.003  0.010-0.012 | 0.004-0.009 _|0.0005-0.006 ]0.0005-0.005 | 0.0001-0.001 ]0.002-0.009 |0.0018-0.007 | 0.006-0.010 | 0.004-0.007 | 0.002. 
| 15 25 ~~ | 4.9-2.0. —« 1.25-1.30 | 1.32-1.45 1,52-2.0 1.75-1.92 | 1.75-1.95 | 1.36-1.43 1.36-1.42 1.24-1.35 1.60-1.65 1.30-1.32 
18.5 18.5 14.4- 13.8 22.2-21.3 | 20.9-17.8 | 18.2-13.8 ‘15.8-14.3 | 15.8-14.1 | 20.4-19.4 20.4-19.6 22.3-20.5 17.3+16.8 21.3-21.( 
ie “ . pa 1.5-1.7 - SS ee ab Sade = - = - = = 
“T 9500-10500 | 7000-10500 | 6000-10000 ff 7000-8000 | 6500-8500 [4000-9000 | 5000-7000 | 5000-10000 | 3300-9000 | 4300-12000 | 4500-9000 | 3500-4000 | 3500-40 
0.6-0.8 0.6 ws 1.0-1.5 0.4-0.8 0.18-0.50 0.13-0.5 0.2 0.37-0.57 0.3-0.7 0.75-2.25 - - 

16 16 - 7.5-10 8-12 10-25 30-50 33 9-13 9-13 4.0-6.0 5.0-9.0 3.5-6.( 
30000-35000 25000-30000 | 26000-32000 | 10000-30000 | 22000-36000 §5000-35000 {15000-25000 | 17000-26000 15000-30000 | 16000-35000 11000-20000 | 10000-20000 | 10000-150( 
12000-15000 | 14000-17000 | 15000-23000 | 12000-15000 | 8500-12000 {7000-15000 | 8000-12000 | 10000-60000 {8500-15000 | 7000-18500 |} 7000-12000 | 6000-8000 | 6000-8006 

0.6-1.0 1.1-1.4 8,0-16.0 4 0.20-0.36 0.24-0.60 0.27-3.5 0.30-0.38 10-50 0.75-8.0 0.5-4.5 0.35-1.0 0.30-0.40 2.0-2. 
_ | mi20 | mus | — ss ai2a-mi28 | M100-M120__ | M95-MI15_ | M100-MI10_]|_M95-M100__|_ M95-M120 E60-E85 M37-M85 MSO M40-M55 
10.6 10.1 1L5 3-6 4-7 8-16 10-14 ~ 4-7 4-7 5 15 2.16 
= pa . 0.38-0.42 0.35-0.40 0.28-0.32 0.28-0.32 _ = 0.30-0.35 0.34-0.36 0.33 x c. 
2.8 2.8 LS __ | 30-45 _ 15-4 1.9-2.6 | 1.6 1-4 3.0-4.5 1.5-4.0 4.0 - 
a | 300-350 | 350-600 _ 250-300 350-450 220-250 300-400 212 225 212 
— 375 | 260-340 290-350 230-350 >600 250-300 260-340 230-260 275 225-240 
10°-10'° =. Mn 7.0 x 10"' 10''.10'2 9.) 13 10'°- 10" 10'?->10'4 7 x 10'? 10''-10'? 10'9.10'3 10'°.10"' 10" 10" 
250-350 130-370 250-300 300-400 290.425 100-350 300-460 140-370 200-400 250-550 300-325 | 275-350 250-325 
200-300 - 140 250-350 100-375 75-325 250-390 120-270 150-300 200-450 225-300 225-300 200-225 
7,6-8.6 10.5-15.5 - 5-6.5 5.0-9 10-75 4.7-7.5 i 6.0-15 5.0-8.0 9-15 15 12.545 
7.1-7.8 7.9-9.7 - 4.5-6.0 4,4-9,3 6-60 4.4-7.0 6.9 5.0-11 5.0-8.0 - - - 
6.5-6.9 6.1-6.7 = 4,5-5.0 4.0-7.0 5.0-7.0 4.2-5.2 4.6-6.6 4.5-7.0 4.0-7.0 5 5 5-5.4 
0.07-0.11 0.10-0.16 - 0.06-0.10 0.05-0.30 0.25-0.50 0.01-0.07 0.03 0,08-0.45 0.04-0.30 0.14-0.5C 0.15 0,45-0.7 
0.03-0.05 0,10-0.16 - 0.03-0.08 0,04-0.20 0.25-0.50 0,007-0.05 0.02 0.04-0.20 0.02-0.20 a “ = 
) 0.036 0.050-0.065 - 0.015-0.03 0.03-0.07 0.10-0,50 0.005-0,04 0.02 0,03-0.09 0.03-0.7 0.08-0.10 0.010-0.15 0.10-0,11 
115-125 115-170 180. | Tracks | Tracks Tracks 4-150 Tracks 2-130 20 20 20 
0.3-0.6 0,2-1.3 0.3-0.6 _| 03-10 | 0,10-0.5 0.01-0.1 0.1-1.2 0.4-1.75 0.6-1.8 1-2 0.25-0.5 1-2 
None Very low None Very low Very low None None None Almost Very low Slow Very slow Slow 
None to self- 
eo) Se eae cs SCS ee | Se AS, i= SAROP extinguishing 
Slight Color Slight General darkening 
discoloration darkens 
None None None ae None to slight depending on acid 
s Decomposes | Decomposes | Decomposes Decomposed by oxidizing acids; reducing and organic acids none to slight effect 
’ : None None None slight Slight to marked depending on alkalinity 
Attacked Attacked — Se Decomposes - Attecked by strong alkalies unless a special alkali-resistant resin is used 
— -§.— ——_—— —- - >-—________ $s igh ~ = i ee Ue 7s . 
pana A cat BAe ong None None None on bleed-proof materials 
__|___Geod | Good | Good 9  Foir : ised Ste | Ma Fair to good Good Good Good 
Opaque Opoque Opaque Transparent Opaque Opaque Opaque Opaque Opaque Opaque Opaque Opaque 
translucent 











on (22), Resimene (104) 


Alcylite (94), Bakelite (21), Conolon (108), Durez (51), Durite (24), Fiberfil (58), Fiberite (59), GE (67), Heresite (81), Indur (117), Insurok (134), Kastor 


(123), Kys-ite (88), Lamophene (123), Mouldrite P F (84), Neillite (161), Plenco (121), Protectophene (123), Pyrotex (129), Resinox (104), Rockite (27), 
Rogers (136), Synvar PM (153), Valite (160) 































21,24,27,30,51, 
59,67,84,94, 
104,117,121, 
123,134,136, 
153,160,161 


21,24,51,59, 121,24,27,51, 
67,94, 104, 
121,123,129, 
134,136,153, 
161 


51,58,59,67, 


24,51,59,67, 
67,94, 104,121,194, 104, 108, 


94,104,121, 
134,136 


88,94,134,136 | 51,67,94,104, |67,94,104,136,| 67,94,104, 136 
153 153 








British Geon Ltd., London S, W. 1, England 

British Resin Products Ltd., London S. W. 1, England 
Cadillac Plastic and Chemical Co., 15111 Second Ave., 
Detroit 3, Mich. 

Campco Div., Chicago Molded Products Corp., 2717 N. 
Normandy Ave., Chicago 35, Ll. 

Canadian Industries Ltd., P.O. Box 10, Montreal, P.Q., 


- Colton Chemical Co., Div., Air Reduction Co., Inc., 
1747 Chester Ave., Cleveland 14, Ohio 
. Columbia-Southern Chemical Corp., 1 Gateway Center, 
Pittsburgh 22, Pa. 
.« Cordo Molding Products, Inc., 230 Park Ave., New York 
e ¥. 
| Cane Packing Co., Teflon Products Div., 6400 Oakton 


54. Electronic Mechanics, Inc., Clifton, N. J. 

55. Emerson and Cuming, Inc., Canton, Mass. 

56. Epoxylite Corp., 10829 E. Central Ave., El Monte, Calif. 

57. Farbwerke Hoechest AG. vormals Melster Lubigs and 
Bruning, F Fm., Hoechest, Germany 

$8. Fiberfil Corp., Warsaw, Ind. 


43 59. Fiberite Corp., 516 W. Fourth St., Winona, Minn. 

Canada St., Morton Grove, Til. 60. Firestone Plastics Co., P.O. Box 690, Pottstown, Pa, 

, Capac Industries, Inc., Capac, Mich. 44. Cutler-Hammer, Inc., 492 N. 12th St., Milwaukee 1, Wis. 61. Flexfirm Products, 2300 N. Chico Ave., El Monte, Calif. 
Carboline Co., 331 Thornton Ave., St. Louis 19, Mo. 45. Davis Plastics Co., Joseph, Arlington, N. J 62. Foster Grant Co., Inc., Petrochemical Div., 289 Main, 


Cast Optics Corp., 123 Newman St., Hackensack, N. J. 
Catalin Corp. of America, 1 Park Ave., New York 16,N.Y. 
Celanese Corp. of America, Plastics Div., 

744 Broad St., Newark, N. J. 


. Dewey & Almy Chemical Co., 62 Whittemore Ave., 
Cambridge 40, Mass. 

. Diamond Alkali Co., 300 Union Commerce Bldg., 
Cleveland 14, Ohi 


N., Leominster, Mass. 


63. Furane Plastics, Inc., 4516 Brezil St., Los Angeles 
39, Calif. 


a es, tite Wat 64. Gerfield Mfg. Co., 10 Midland Ave., Garfield, N.J. 

eer “ > . Dow Chemica Ov, e, and, ch. - Garloc acking Co., The, Palmyra, N. Y. 

joke tie ae amine 4. a Corning Corp., Midland, Mich. 66. General Aniline & Film Corp., Commercial Development 
Chemical Development Corp., Endicott St., Danvers, Mass. 50. Du Pont de Nemours & Co., E.I., eainanen OR, Del. Dept., 435 Hudson St., New York 14, N. Y. 

Chemore Corp., 21 West St., New York 6, N. Y. 51. Durez Plastics Div., Hooker Electrochemical Co., 67. General Electric Co., 1 Plastics Ave., Pittsfield, Mass. 
Ciba Co., Inc., Plastics Div., Kimberton, Pa, 888 Walck Road, North Tonawanda, N. Y 68. General Plastics Corp., 1400 N. Washington, Marion, Ind. 
Coast Pro-Seal Mfg. Div., 1507 Grand Vista Ave., 52. Eastman Chemical Products, Inc., Kingsport, Tenn. 


69. General Tire and Rubber Co., Chemical Div., 
1708 Englewood Ave., Akron 9, Ohio 
70. Gering Products, Inc., Kenilworth, N. J. 


Los Angeles 23, Calif. . Eastman Kodak Co., Rochester 4, N. Y. 
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PHENOL-FORMALDEHYDE AND PHENOL-FURFURAL MOLDING COMPOUNDS 






























































































POLYACRYLIC 
Compounded with Butadiene-Acrylonitrile va ; 
Pulp PROPERTIES MOLDING 
Macerated Copolymer 
Glass . Preformed MATERIAL 
Asbestos Mica Fib Fabric par Woodflour , 
Filler Filler — and Cord ; and Asbestos Rag 
Filler Fill Molding : ; Filled and 
iller Cotton Flock Filler Filler 
Board . Vulcanized 
' Filler comes 
900d to fair | Good to fair Good Good to fair Good Fair to good | Fair to good | Fair to good Molding qualities Good 
270-380 280-350 280-350 280-380 290-350 300-360 310-360 310-360 Compression molding temp., °F. 300-325 
500-6000 2000-5500 1000-5000 | 2000-6500 2000-5000 2000-6000 2000-6000 | 2000-6000 eS 500-1500 
2.0-14 2.1-2.7 6.1 3.5-18.0 1.5-3.5 2-4 2.5 4.6-8 Compression ratio - 
0.0005-0.006 |0.0005-0.005 } 0.0001-0.001 ]0.002-0.009 |0.0018-0.007 | 0.006-0.010 | 0.004-0.007 | 0.002-0.005 Mold shrinkage, in. per in. - 
1.52-2.0 1.75-1.92 1.75-1.95 1.36-1.43 1.36-1.42 1.24-1.35 1.60-1.65 1.30-1.32 Specific gravity 1.31.5 
18.2-13.8 15.8-14.3 15.8-14.1 | 20.4-19.4 20.4-19.6 22.3-20.5 17.3-16.8 | 21.3-21.0 _ Specific volume, cu. in. per tb. 21.3-18.5 
° _ wn a “ = pe ie Refractive index, np an 7% 
4000-9000 5000-7000 5000-10000 |} 3300-9000 4300-12000 4500-9000 3500-4000 3500-4000 Tensile strength, p.s.i. 1200-2000 
0.18-0.50 0.13-0.5 0.2 0.37-0.57 0.3-0.7 0.75-2.25 am i Elongation, % 300-600 
10-25 30-50 33 9-13 9-13 4.0-6.0 5.0-9.0 3.5-6.0 Modulus of elasticity in tension, 10° p.s.i. 0.002-0.004 
5000-35000 15000-25000 | 17000-26000 [15000-30000 16000-35000 | 11000-20000 | 10000-20000 | 10000-15000 Compressive strength, p.s.i. ~ 
7000-15000 | 8000-12000 |} 10000-60000 | 8500-15000 7000-18500 7000-12000 | 6000-8000 6000-8000 Flexural strength, p.s.i. a 
0.27-3.5 0.30-0.38 10-50 0.75-8.0 0.5-4.5 0.35-1.0 0.30-0.40 2.0-2.3 Impact strength, -1 a 
M95-M115 M100-M1 10 M95-M100 M95-M120 E60-E85 M37-M85 M50 M40-M55 Hardness, Rockwell ; 10-90 (Shore) 
8-16 10-14 we 4-7 4-7 5 15 2.16 Thermal conductivity, -2 a. al tees 
0.28-0.32 0.28-0.32 - 0.30-0.35 0.34-0.36 0.33 “ 4 Specific heat, cal. per °C. per gm. q Pay 
15-4 1.9-2.6 1.6 1-4 3.0-4.5 1.5-4.0 4.0 a. Thermal expansion, 10—* per °C. a 
350-600 250-300 350-450 220-250 300-400 212 225 212 Resistance to heat, °F. (continuous) 250-350 
290-350 230-350 >600 250-300 260-340 230-260 275 225-240 Heat distortion temp., °F. ide 
10'°- 10"? 10'*->10" 7x10" 10"*-10"? 10'°-19"3 10'°-10"" 10"" 1o"" Volume resistivity, -3 B 2x10" at 70°C. | 
100-350 300-460 140-370 200-400 250-550 300-325 275-350 250-325 Dielectric strength, -4 «90-700 at 70°C. 
75-325 250-390 120-270 150-300 200-450 225-300 225-300 200-225 Dielectric strength. -5 - 
10-75 4,7-7.5 tJ 6.0-15 5.0-8.0 9-15 15 11.5-15 Dielectric constant, 60 cycles 4 at 70°C, 
6-60 4.4-7.0 6.9 5,0-11 5.0-8.0 - a 3 Dielectric constant, 10° cycles a 
5,0-7.0 4,2-5.2 4.6-6.6 4.5-7.0 4.0-7.0 5 5 5-5.4 Dielectric constant, 10° cycles ~ 
0.25-0,50 0.01-0,07 0.03 0,08-0,45 0.04-0.30 0.14-0.50 0.15 0.45-0.7 RESO RG LD Camas falc) 2 at 70°C, 
0,25-0.50 0,007-0.05 0.02 0.04-0.20 0.02-0.20 a a mn Dissipation (power) factor, 10° cycles ae 
0.10-0,50 0.005-0.04 0.02 0,03-0.09 0.03-0.7 0.08-0.10 0.010-0.15 0.10-0,11 ~ Dissipation (power) factor, 10° cycles i 
Tracks Tracks 4-150 Tracks 2-130 20 20 20 pS Arc resistance, sec: "= . 
0.10-0,5 0,01-0,1 0.1-1.2 0.4-1.75 0.6-1.8 1-2 0.25-0.5 1-2 _ Water absorption, 24 hr., %-in. thickness, % - RS 
None None None Almost Very low Slow Very slow Slow sas Fast 
None to self- Burning rate 
xtinguishing lian 
General darkening None 
Effect of sunlight 
None to slight depending on acid Swells 
Effect of weak acids 
Decomposed by oxidizing acids; reducing and organic acids none to slight effect Swells 
Effect of strong acids 
Slight to marked depending on alkalinity Effect of weak alkalies Swells 
Attacked by strong alkalies unless a special alkali-resistant resin is used Effect of strong alkalies Swells 
None on bleed-proof materials Effect of organic solvents Attacked 
Poor Fair to good Good Good Good _ Machining qualities i eae 
Opaque Opaque Opaque Opaque Opaque Opaque Opaque Opaque Opaque 
Clarity 
olon (108), Durez (51), Durite (24), Fiberfil (58), Fiberite (59), GE (67), Heresite (81), Indur (117), Insurok (134), Kastor Acrylon (24), 


23), Mouldrite P F (84), Neillite (161), Plenco (121), Protectophene (123), Pyrotex (129), Resinox (104), Rockite (27), Hycar PA (75) 


Valite (1460) 


Trade designations (numbers in 
parentheses refer to list of 
manufacturers) 





21,24,51,59, |21,24,27,51, |51,58,59,67, |24,51,59,67, |88,94,134,136 | 51,67,94,104, |67,94,104,136,] 67,94, 104, 136 24,75 
67,94,104 7,94, 104,121,194, 104, 108 94,104,121 p 
121,123,129 = a -  e rd : - - Manufacturers (see list at bottom of chart 
134,136,153, ; . for key to numbers) ik 
oO, ‘ ‘ ’ sane nee: ; 
} 161 i. d | saptined: 
1. ft. 1 per in. of noten (vs x V2 in. notched bar, Izod test) 3. onm-cm. (50% reiative humidity and 23°C) 
2. 10 * cal. per sec. per sq. cm. per 1°C. per em. 4. short-time, Ye-in. thickness, volts perm! 
5. step-by-step, ein. thickness, volts per mil 
Chemical Co., Div., Air Reduction Co., Inc., 54. Electronic Mechanics, Inc., Clifton, N. J. 71. Gilman Brothers Co., The, Gilman, Conn. 
hester Ave., Cleveland 14, Ohio 55. Emerson and Cuming, Inc., Canton, Mass. 72. Glaskyd Inc., 125 W. 3rd $t., A nh ee a Ohio 
nbia-Southern Chemical Corp., 1 Gateway Center, 56. Epoxylite Corp., 10829 E. Central Ave., El Monte, Calif. 73. Glastic Corp., The, 4321 Glenridge Road, Cleveland 21, Ohio 
burgh 22, Pa. 57. Farbwerke Hoechest AG. vormals Melster Lubigs and 74. Glidden Co., 900 Union Commerce Bldg., Cleveland 
Molding Products, Inc., 230 Park Ave., New York Bruning, F Fm., Hoechest, Germany 14, Ohio 
xs 58. Fiberfil Corp., Warsew, Ind. 75. Goodrich Chemical Co., B.F., Cleveland 15, Ohio 
Packing Co., Teflon Products Div., 6400 Oakton 59. Fiberite Corp., 516 W. Fourth St., Winona, Minn. 76. Goodyear Tire & Rubber Co., Inc., The, Chemical Div., 
Horton Grove, Ill. 60. Firestone Plastics Co., P.O. Box 690, Pottstown, Pa, 1144 E. Market St., Akron 16, Ohio 
r-Hanuner, Inc., 492 N. 12th St., Milwaukee 1, Wis. 61. Flexfirm Products, 2300 N. Chico Ave., El Monte, Calif. 77. Great Americen Plastics Co., 85 Factory St., Nashue,N.H. 
78. H & R Industries, Nazareth, Pa. 


62. Foster Grant Co., Inc., Petrochemical Div., 289 Main, 


Plastics Co., Joseph, Arlington, N. J. NL reo MA 
+, Leominster, Mass. 


79. Haveg Corp., Newark, Del. 


& Almy Chemical Co., 62 Whittemore Ave., 
ige 40, Mass. 63. Furane Plastics, Inc., 4516 Brazil St., Los Angeles 80. Hercules Powder Co., Inc., Wilmington 99, Del. 
i Alkali Co., 300 Union Commerce Bldg., 39, Calif. 81, Heresite & Chemical Co., Manitowoc, Wis. 
land 14, Ohio 64. Garfield Mfg. Co., 10 Midland Ave., Garfield, N.J. 82. Homalite Corp., The, Wilmington 4, Del. 
ical Co., The, Midland, Mich. 65. Garlock Packing Co., The, Palmyra, N. Y. 83. Houghton Laboratories, Inc., 322 Bush St., Olean, N.Y. 
¢ Corp., Midland, Mich. 66. General Aniline & Film Corp., Commercial Development 84. Imperial Chemical Industries Ltd.,London S.W. 1, England 
le Nemours & Co., E.I., Wilmington 98, Del. Dept., 435 Hudson St., New York 14, N. Y. 85. Interchemical Corp., 67 W. 44th St., New York 36, N. Y. 
lastics Div., Hooker Electrochemical Co., 67. General Electric Co., 1 Plastics Ave., Pittsfield, Mass. 86. Interplastics Corp., 120 E. 56th St., New York 22, N. Y. 
alck Road, North Tonawanda, N. Y. 68. General Plastics Corp., 1400 N. Washington, Marion, Ind. 87. Irvington Chemical Div., Minn. Mining & Mfg. Co., 
an ( ical Products, Inc., Kingsport, Tenn. 69. General Tire and Rubber Co., Chemical Div., 500 Doremus Ave., Newark, N. J. 
an Kodak Co., Rochester 4, N. Y. 1708 Englewood Ave., Akron 9, Ohio 8g. Keyes Fibre Co., Upper College Ave., Waterville, Me. 


70. Gering Products, Inc., Kenilworth, N. J. 
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UREA- 
CRYLIC POLYESTER MOLDING MATERIALS FORMALDE- 
ER SILICONE MOLDING COMPOUNDS HYDE 
DING MOLDING ALLYL 
Glass Reinforced CAST 
me Granular and Synthetic COMPOUND RESINS 
mans ; Asbestos GI ESINS 
Preformed Premix Putty Types, : Fiber _ Alpha 
Woven : Filled : Asbestos Mineral Fib p 
| and Chopped Chopped Mineral Filled Filled Filler Filler wag! Cellulose No Filler 
nized Roving Glass Cloth Filler Filler 
— Excellent Excellent Hand lay-up Excellent Excellent Excellent Good Fair Foir Excellent - 
325 170-320 300-350 Rm. Temp.-250 | 280-370 280-320 280-320 300-350 300-350 300-350 275-351 - 
1500 50-2000 500-2000 0-300 100-4000 500-2000 500-3000 1000-5000 2000-6000 1000-5000 2000-800( - 
- - - 2.05-2.3 2.0-2.5 3.55 6-8 2.1-2.8 6-9 2.2-3.0 ~ 
0-0.002 0.003-0.006 0-0.002 0.004-0.010 0.004-0.007 0.005-0.009 - 0.005-0.010 0-0.005 0.006-0.014 0.001-0.004 
1.5  1.35-2.0 2.1-2.3 1,50-2.1 1,60-2.25 1.65 ? 1.24-1.40 16-19 | 165-20 1.68-2.0 1.47-1.52 1.30-1.40 1.11-1.23 
18.5 § 205-139 |  - 18.5-13.2 | 12.3-5.4 6.8 | 22.3 § 17.3144 | 16.8138 | 16.5-13.8 18.8-18.2 20.9-19.8 24.9-22.5 _ 
. phi is a ba sis ie, eh = ~ 1,54-1.56 1.50-1.575 i 
-2000 10000-25000 - 30000-50000 3000-5500 | 4500-7000 4500-6000 28000-35000 2500-4300 4000-5000 6000- 1300¢ 000-6000 4000- 13000 
-600 0.5-5.0 - 0.5-2.0 - = - - ~ - 0.5-1.( = 
).004 8.0-20.0 20 15.0-45.0 5-25 - = 25-30 - - 15 4.5 
~ 15000-30000 20000-26000 25000-50000 18000-25000 22500 20000-30000 - 16000-24000 9000-15000 25000-35001 ] 3000 15000- 1800( 
- 10000-40000 13000-20000 | 40000-80000 7500-10000 8000-10000 10000-12000 30000-35000 6800-7700 9000- 14000 10000- 16.00( 00-13000 14000-21000 
~ 5-30 1.5-4.0 5-30 0.30-0.35 0.45-0.50 0.55-4.5 - 0.25-0.38 3-15 0.25-0.35 2-0.4 0.2-0.6 
Shore) _M70-M120 60-70 (Barcol) M80-M120 - M99 - -_ M89 M45 M1 15-M12( M95-M12 M80-M100 
eS) ER ee Be | oF Fe — - - ~ 3.7-4.0 7.51-7.54 7-10 4.8-5 4-5 
_ ee Ge See Ey ] 0.25 - - - 1-3 0.24-0.30 0.4 0.26-0.55 a - 
- 2 RS | * ee ae © SES ee Se - ~ 5.0-5.8 0.8 2.7 5-10 __ 4,5-6.5 
300-350 = ee ee 300-350 450 300-430 ~ >480 >450 170 212 250-600 
_- >400 ~ 350-425 315 240-290 - 340->500 >500->900 270-280 140-1 115-550 
10"4 10'?-10"4 10"4 10"4 6.6 x 10° 108-10" = 22 10"-7 » 10° 19**. 10" 10'?-19"3 4 x : ip**.16"" 
at 70°C. 350-500 345-420 350-500 350-450 380 365-400 - 370-400 200-400 300-400 400-50( 
- ~ 275-390 - 300-350 290 330-350 ~ 320-400 125-300 250-306 C 380 
70°C. 3.8-6.0 6.4-7.3 4.1-5.5 5.1-7.5 ~ 3.8 ~ 4.0-5.0 3.3-5.2 7.,0-9,5 45-5 Sinead 
- 4.0-6.0 ~ 4.2-6.0 5.0-6.2 2 x - 3.7-5.0 3.2-5.( 7.0-7 : 3.5-4.5 
- 3.5-5.5 5.2-6.4 4.0-5.5 4.6-5.5 4.5 3.6 - 3.7-5.0 3.2-4.7 6.4-6.9 6-4.5 3.3-4,( 
a 0.01-0.04 0.011-0.041 0.01-0.04 0.009-0.06 - 0.026 - 0,003-0.013 0.004-0.03 0.035-0.04( 19 0,002-0.01¢ 
- 0.01-0.05 - 0.01-0.06 0.01-0.03 0.11 0.020-0.03 - 0.002-0.011 0.003 5-0.02 0.025-0.035 01 0,002-0.02 
“ 0.01-0.03 0.008-0.022 0.01-0.03 0.015-0.04 0.04-0.06 0.01-0.016 - 0.003-0.006 0.002-0.02 0.028-0.032 0.028-0.06 0.030-0.050 
- 60-120 140-180 60-120 75-190 138 85-115 = 250-420 20-250 100-150 120-250 45-120 
“ one | 0.01-1.0 0.06-0.28 0.05-0.5 0.15-0.8 0.14 0.08-0.2 = 0.2-0.5 0.1-0.2 0.4-0.8 0.03-0.44 0.08-0.13 
ast Slow to self- Self- Slow to self- | Slow to self- Self- Self- None to slow None to slow None to slow Very low 0.3 to self- Slow 
extinguishing |extinguishing |extinguishing fextinguishing | extinguishing | extinguishing extinguishing 
oe = in " . ‘ 
one Slight None Slight None None None None to slight | None to slight | None to slight None Yellows None 
very slightly 
ells Slight Slight Slight None None None None to slight | None to slight | None to slight § None to slight None None 
ells Attacked Attacked Attacked Attacked Slight Slight Slight Slight Slight Decomposed Attacked only Attacked 
or surface by oxidizing b 
y some 
S Yara ; attacked acids 
ells Attacked Attacked Attacked Attacked None None None to slight | None to slight | None to slight Slight to None None 
ss marked 
ells Attacked Attacked Attacked Decomposes Slight Slight None to marked | None to marked Slight to Decomposes None to slight Slight 
: ae ; _ . marked 
cked Slight None Slight None None None Attacked by Attacked by Attacked by None to Resist Generally 
Reed Meee rete ; db titanate iil hed > . __some some some slight Resistant 
Soy aS Fair Good Fair Good Excellent Fair to good Fair Foir Fair Geod Good 
que Opaque Opaque Opaque Opaque Opaque Opaque Opaque Opaque Opaque Translucent Transparent Translucent 
opaque (90-92% light 
transmi n) 
| (24), Acme (1), Aico (8), Aropol (15), Atlac (19), Cordopreg (42), Dapon (114), Diall (99), Durez (51), § Pyrotex (129) GE (67) Dow Corning Alcylite (94), R BAirtemp (16), Al 
>A (75) | Flexfirm (61), Formadall (164), Glaskyd (72), Glastic (73), Loven (94), Nureco (113), Plaskon (49), GE (67), Bettle (6), (38), Bakelite ( 
(22), Plastrong (105), Polylite (130), Thermaflow (19), Unipreg (13), Vibrin (111) Narmcloth (108) Mouldrite UF " —— yt 
(84), P ac §Devc fe (i ), F $ 
(22), Sylr t é (24), Epocast ( 
(152 Epon (143), Ep 
lix (23), Hysol 
(96), Nureco (1 
Polytool (130 ), 
(55), Tygofil ( 
159), Tylene 
24,75 1,8, 13,15, 19,22,24,42,51,61,72,73,94,99, 105,111,113,114, 130, 164 129 67 49,67,108 6,22,30,84,948 6,32,41,82,1 14, 9 16,18,21,23,24 
152 116 6 42,55,56,63,82 
113,123,130,13 
89. Knoedler Chemical Co., Lancaster, i — — F ; ses ‘ ) hy Plate Glass Coo, Paint Div., 
ies + Koppers Co., Inc., Koppers Bldg, * i h 19, Pa, 10s. ee ee rs On, Penuins Neighe man aru sai ae ee a Pe. h St., Pat 
92. Lawrence Adhesive and Chemical Cou, Inc.” NY 107. Mycelex Corp. of América, 125 Clifton Blvd. Clifton Ne 119, Binecic Mocimeany ‘oc? faog, soath RA, 
Lawrence, Mass. 108. Narmco Resins and Coatings Co., 600 Victoria St. adios a Peomine Snatneering COs, Sheboygan, W 
=~ pee Chemical Corp., Paramount, Calif. Coste Mesa, Calif. ; 122. Plicose Manufacturing Corp.» 71 Box St. 
- Loven Chemical of Calif., 23784 Pine St., Newhall, Calif. 109. National Polymer Products. Inc., 125 N. Fourth St. 123. Poly Resins, Sun Valley, Calif. 
95. Luzerne Rubber Co., Trenton, N. J. Seatinn. ie P ’ car ,. of Pa., 2140 Fairmont Av 
i 96. Marblette Corp., 37-21 30th St., Long Island City 1, N.Y. Sen. . oe 


+ Natvar Corp., P.O. Box 67, Rahwey, N.J. 

- Naugatuck Chemical, Div. United States Rubber Co., 
203 Elm St., Naugatuck, Conn. 

- Nixon Nitration Works, Nixon, N. J. 

- Nureco Inc., 1100 Pontiac Ave., Cranston 10, R. I. 

- FMC Organic Chemicals Div. (Ohio-Apex), Food 
Machinery and Chemical Corp., 161 E. 42nd St., 
New York 17, N. Y. 


2150 Fairmont Ave-, R 


+ Marbon Chemical, Div. of Borg-Warner Corp., Middletow 


7165 Chicago Ave., Gary, Ind. 
+ Melamine Plastics, Inc., Winona, Minn. 
+ Mesa Plastics Co., 11751 Mississippi Ave., 
Los Angeles 25, Calif. 
+ Midwest Plastic Products Co., 1801 Chicago Rd., 
id Chicago Heights, Ill. 
101. een ay in gg Regulator Co., 2753 4th Ave. 115. Phillips Chemical Co., Bartlesville, Okla. 
Seetosen emetis. Mine. : ; 116. Pioneer Scientific Corp., Great Neck, N. Y. 
- Mi ning @ Afg. Co., Jersey City Chemical 117. Pitt-Consol Chemical Co., 191 Doremus Ave. 
Div., 75 Droyers St., Jersey City, N. J. Newark 5, N. J ’ : 
103. Mol-Rez Div., American Petrochemical Corp., site al 
3134 California St., Minneapolis 18, Minn. 


125. Polypenco, Inc., 

126. Premier Therma” test c COs, 

effersontown ° ee 

127. Products etn Soon AG 3126 Los Feliz Bl 

Los Angeles, Calif. i 

128. Restean Piacties Corp., Erie St., jg 
129. Reybestos-Menhettan, Inc-, agen 
130. Reichhold Chemicals, Inc., 525 Nor 

White Plains, N. Y. 

131. Ren Plastics, Inc., 
132. Resistoflex Corp., 

133. Rezolin, Inc., 1651 

134. Richardson Co., The, 


5s. C ed. 

3179 S. Cedar Ra-, 
Belleville 9, N-J- 

ikth St., Sante Mo 

2747 Lake St., ? 
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POLYACRYLIC POLYESTER MOLDING MATERIALS 
SSTER SILICONE MOLDING COMPOUNDS 
MOLDING Sits tities 
ass Reinforce 
mATERIN : Granular and Deion Synthetic 
i Putty Types — Fiber , Glass 
Preformed Premix Woven pes, Filled ' Asbestos Mineral Alpha 
Filled and Chopped Chopped | Mineral Filled Filled Filler Filler Fiber Cellulose 
Vulcanized Roving Glass Cloth Filler Filler 
t ent | Har d lay-up Excellent Excellent Excellent Good Fair Foir Excellent 
IRn - Temp.-25( 280-370 280-320 280-320 300-350 300-350 300-350 275-350 
0-30 100-4000 500-2000 500-3000 1000-5000 2000-6000 1000-5000 2000-8000 
~ - 2.05-2.3 2.0-2.5 3.5-5 6-8 2.1-2.8 6-9 2.2-3.0 
: ; 3-0 .006 0-0.002 0.004-0.010 0.004-0.007 0.005-0.009 - 0.005-0.010 0-0.005 0.006-0.014 
1.35-2.0 2.1-2.3 1.50-2.1 1.60-2.25 1.65 1.24-1.40 1.6-1.9 1.65-2.0 1.68-2.0 9 1.47-1.52 _ 
2 8 20.5-13.9 - 18.5-13.2 12.3-5.4 16.8 22.3 17.3-14.4 16.8-13.8 _ ‘16.5-13.8 ‘ —18.8-18.2 
* ss e mi i ay e. - - - 1.54-1.56 2 
= 30000-50006 3000-5500 4500-7000 4500-6000 28000-35000 2500-4300 4000-5000 6000-13000 5000-6000 
7 0.5-2.0 ~ - - - - - 0.5-1.0 ~ 
| 15.0-45.0 5-25 ~ 7 25-30 - m 15 3.0 
| 20000-260( | 25000-5000C 18000-25000 22500 20000-30000 - 16000-24000 9000-15000 25000-35000 21000-23000 | 
| 13 2006 40000-80000 7500-10000 8000-10000 10000-12000 30000-35000 6800-7700 9000-14000 10000-16000 6000-13000 
er 5-30 0.30-0.35 0.45-0.50 0.55-4.5 ~ 0.25-0.38 3-15 0.25-0.35 0.2-0.4 
-M120 | 60-70 (Barcol) | M80-M12 . M99 " m M89 M45 M115-M120 M95-M120_ 
- - 10-16 - ~ - ~ 3.7-4.0 « _7.51-7.54 | L 7-10 
" - 2.5-3.5 - 0.25 - - = __1:3_____f _0.24-0.30 9 0.4 ats 
- 2-5 2.5-3.3 1.5-3 3.5-5 - ~ ~ 5.0-5.8 | 0.8 iin 
250-350 300-350 a 300-350 300-350 450 300-430 - >480 _ _>450 _170 ‘ 
= = >400 - 350-425 315 240-290 - 340->500 >500->900 270-280 
10" at 70°C, 10" 10'?-10'4 10" 10" 6.6 x 10° 10°-10'¢ - 3 x 107-7 x 10° 10'°-10'4 16'?-10'3 
00-700 at 70°C. 350-50( 345-420 | _ 350-50¢ 350-450 380 365-400 - 370-400 200-400 300-400 380 
- 5-39( | - 300-350 290 330-350 - 320-400 125-300 250-300 320 
A ot | 4.1+5.5 5.1-7.5 - 3.8 ~ 4.0-5.0 3.3-5.2 7,0-9.5 3.45-5,0 
4 | ~ | 4.2-6.( 5.0-6.2 5.2 3.7 ~ 3.7-5.0 3.2-5.0 7.0-7.5 3.35-5.0 
| | 4.0-5.5 4.6-5.5 4.5 3.6 - 3,7-5.0 3.2-4.7 6.4-6.9 3.6-4.5 
2 at " 4 | 4 | .01-0.04 0.009-0.06¢ - 0.026 - 0,003-0.013 0.004-0.03 0.035-0.040 0.006-0.019 
|. .01-0.06¢ 0.01-0.03 0.11 0.020-0.03 - 0.002-0,011 0.003 5-0.02 0.025-0.035 0.01 
-( | .022 .01-0.0 0.015-0.04 0.04-0.06 0.01-0.016 - 0.003-0.006 0.002-0.02 0.028-0.032 0.028-0.06 
- 60-12 140- 18° 60- 12¢ 75-190 138 85-115 - 250-420 20-250 100-150 120-250 
a 0.01-1.0 0.06-0.28 0.05-0.5 0.15-0.8 0.14 0.08-0.2 - 0.2-0.5 _ 0.1-0.2 0.4-0.8 ___0,03-0.44 
Fast Slow to self- Self- Slow to self- [Slow to self- Self- Self- None to slow None to slow None to slow Very low 0.3 to self- 
extinguishing |extinguishing |extinguishing Jextinguishing | extinguishing | extinguishing extinguishing 
None Slight None Slight None None None None to slight | None to slight | None to slight None Yellows 
very slightly 
Swells Slight Slight Slight None None None None to slight | None to slight | None to slight § None to slight None 
Swells Attacked Attacked Attacked Attacked Slight Slight Slight Slight Slight Decomposed § Attacked only 
or surface by oxidizing 
B attacked _ acids 
Swells Attacked Attacked Attacked Attacked None None None to slight | None to slight | None to slight™ Slight to None 
marked- = - 
Swells Attacked Attacked Attacked Decomposes Slight Slight None to marked | None to marked Slight to Decomposes None to slight 
marked Sinton 
Attacked Slight None Slight None None None Attacked by Attacked by Attacked by None to Resistant 
by some _. some some some slight i 
- Good Fair Good Fair Good Excellent Fair to good Fair Fair Fair ____ Good 
Opaque Opaque Opaque Opaque Opaque Opaque Opaque Opaque Opaque Opaque Translucent Transparent 
opaque (90-92% light 
transmission) 
ry| 4), Ai , Aropol (15), Atlac (19), Cordopreg (42), Dapon (114), Diall (99), Durez (51), f Pyrotex (129) GE (67) Dow Corning Alcylite (94), # Cocor (32), CR A 
ycor PA (75 Flexfirm (61), Formadall (164), Glaskyd (72), Glastic (73), Loven (94), Nureco (113), Plaskon (49), GE (67), Bettle (6), (41), Dapon ; 
22), Plastre Polylite (130), Thermaflow (19), Unipreg (13), Vibrin (111) Narmcloth (108) Mouldrite UF ff (114), Enduron C 
(84), Plaskon # (116), Laminac §D 
(22), Sylplast § (6) ( 
(152) , 
( 
F 
( 
24,75 1,8, 13,15, 19,22,24,42,51,61,72,73,94,99, 105,111,113, 114, 130, 164 49,67,108 6,32,41,82,114, 
116 4 
1 
a 
Se. Gapease, Cons taps. Mapbecn Uitte, Wammneneh 10, Pe eb; lemell Goa, Gonupes Ieee ian ae Stee. eet oy 
21, Ohio 91, Lamex Chemical Corp., Sundial Ave., Manchester, N. H. 106. Muehlstein, H. & Co., 60 E. 42nd St., New York 17, N.Y. 119. Plastic Horizons, Inc., 2 E. 
92. samnes Seweive and Chemical Co., Inc. oo Mycalex Corp. of America, 125 Clifton Blvd., Clifton, N.J. 120. Plastic Materials, Inc., New 
rence, S. 08. Narmco Resins and Coatings Co., 600 Victoria St., 121. Plastics Engineering Co., S 
oa, = : — ‘ce ~ —sohes Seager 7 ; Coste Mesa, Calif. 122, Plicose saonutnetusing Corp. 
. 3: Keren Chomloa! of Celi. 28794 Pine S., Newhall, Cate 10m. eget Gelveer Protect. tne., 125 H. Pout @., 123: Poly Resins, Sun Valtey, Ci 
jue,N.H. 6. Merblette ¢ orp.» 37-21 30th St., Long Island City 1, N.Y. 110. Natver Corp., P.O. Box 67, Rahway, N.J. to tor nance acl fs ad 
97. Marb. n remical, Div. of Borg-Warner Corp., 111. Naugatuck Chemical, Div. United States Rubber Co., 126. Premier Thermo-Plastic Co. 
7 65 ¢ es » Ave., Gary, Ind. 203 Elm St., Naugatuck, Conn. effersontown, Ky. 
8. Mele nine F lastic< 8, Inc., Winona, Minn. 112, Nixon Nitration Works, Nixon, N. J. 127 Sondenes Reosareh 3126 L« 
9. pay ee Rs ne Bowe Mississippi Ave., oo ey Inc., 1100 Pontiac Ave., Cranston 10, R. IL. Los Angeles, Calif. 
W.¥. 100. Midwest Plastic Products Co., 1801 Chicago Rd., ; Sonchaneio unaGhemaes oon mina S28, Denian Plasies Casp.. Bete 
england Chicago Heights, III. New York 17, N. Y. ‘ —— 129. Reybestos-Maenhattan, Inc., 
¥. 101, ag tn Seeees magnetar Co., 2753 4th Ave. 115. Phillips Chemical Co., Bartlesville, Okla, —_ white Plaine Mev.” Inc., 
re nag eg a agg City Chemical 119, Pitt-Consol Chemical Ca. 191 Santee ane. ‘33 Rentenetion lem eects 
103. Mol-Rez Div., An eric an Petroc hemicel Corp., oe Sy SS 133. Rezolin, Inc., 1651 18th St., 
3134 California St., Minneapolis 18, Minn. 134. Richardson Co., The, 2747 

















Special grades of materials are often available that excel in one porticular property. The manufacturers should 


always be consulted before making a choice of material. In order to facilitate communications with the producers 


of these materials, the names and addresses of manufacturers of each of these chemical types of plastics are 


listed 


suppliers for type of filler desired. 


PHENOLIC CAST RESINS 












































in the chart. Complete street addresses will be found in the Directory Section. Check with materials 


POLYESTER CAST RESINS 




































































































































































































: RESINS 
Cast Casting 
ro (e.g., Poly- . Resin, 
No Filler Silica Sulfide Mineral Ashestos Mechanical me sik 
Filler Epoxy) Filler Filler Grade igi exible 
0.001-0.004 | 0.0005-0.002 [J 0.003-0.0144 = " = - - - - 
40. ff 1.11-1.23 1.6-2.0 1.15-1.25 1,40-1.41 130-132. | 1.68-1.70_ 1.70 1.25-1.30 1.10-1.46 1.01-1.20 
8 24.9-22.5 13.9-17.3 24.8-22.2 19.8-19.7 21.3-20.9 | = -16.5-16.3 | 16.3 22.2-21.3 25.2-19.0 27.4-23.0 
575 - ae” ye aa. 1.57 1.58-1.66 = ws - 1.523-1.57 1.537-1.55 
000 —f 4000-13000 | 5000-8000 2000-10000 =f 8500-10500 6000-9000 4000-9000 3000-6000 4000-7000 6000-10000 800-1800 
a = 0-100 =~ 1.5-2.0 - - - SS 40-310 
) 4.5 - 0.01-3.5 3.75-7 4-5 - 18.8 5-7 3.0-6.4 os 
3000 15000-18000 17000-28000 1000-14000 20000-30000 12000-15000 29000-34000 10500-12500 15000-20000 13000-36500 ms 
3000 14000-21000 8000-14000 1000-18000 10000-15000 11000-17000 9000-12000 5000-8000 9000- 14000 8500-18300 wi 
0.4 0.2-0.6 0.3-0.45 2-10 0.45-0.55 0.25-0.40 0.35-0.50 an 0.3-0.4 0.2-0.4 7.0 
M80-M100 MB5-M120 MII5-M120 [| _M93-M120__| _M85-M120 R110 M70-M110 M70-M115 84-94 (Shore) 
10-20 Se °. 2  ( BR 8.4 3-5 4 = 
0.20-0.27 i¢ 0.3-0.4 eh, TE i 0.3 0,3-0.4 - < 
| __2.0-4.0_ __5.5-6.0 68 15 3,3 811 5.5-10 - 
250-600 250-600. ee. __160 160 300 250 250 250 
190 115-550 160-550 175-195 165-175 150-175 - 240-260 140-400 - 
10" 10'?-10'7 10'3-10"¢ >10"4 10'?-10'3 109-10" _ = 10" - 
B0 400-500 400-550 - 350-400 100-250 - - 380-500 250- 40( 
0 380 - 300-350 250-300 75-200 - - 280-420 17¢ 
5.0 3,5-5.0 3.2-4.5 4-4.5 6.5-7.5 - ~ - 3.0-4.36 4.4-8.1 
-5.0 3.5-4.5 3.2-4.0 4-4.5 5.5-6.0 14-30 ~ - 2.8-5.2 4.5-7.1 
4.5 3.3-4.0 3.0-3.8 3.7-4.0 4.0-5.5 9-15 - - 2.8-4.1 4.1-5.9 
-0.019 0,002-0.010 0,008-0,03 0,010-0,040 0.003-0.004 0.10-0.15 - ~ - 0.003-0.028 0.026-0.31 
01 0.002-0.02 0.008-0.03 0.012-0.050 0.006-0.008 0.01-0.05 0.10-0.30 - - 0. 005-0.025 0.016-0.05 
'8-0.06 0.030-0.050 0.02-0.04 0.018-0.090 0.025-0.035 0.04-0.05 0.07-0.20 = ie 0.006-0.026 0.023-0.0¢ 
)-250 ___ 45-120 150-300 50-180 @ 250-270 _ - - = 125 135 
3-0.44 0.08-0.13. |  0.04-0.10 0.27-0.5 ce Be ODOR: 6 f . O.1208 - 0.2-0.4 0.15-0.60 0.50-2.5 
self- Slow Self- Slow Slow Very slow Almost Almost Very low 1.1 to self- - 
shing extinguishing None None extinguishing 
ws None None None Yellows Colors may Darkens Darkens Darkens Yellows - 
htly fade slightly slightly 
e None None None None None None None None None None 
to slight to slight to slight to slight to slight 
d only Attocked Attocked Attacked by Attacked by ff Dec. by ox. acids; Attacked by Attacked by Attacked by None to Mane to 
izing by some oxidizing none to sl. effect oxidizing oxidizing oxidizing considerable considerable 
ds fi acids sod erg. ecids 1 ____acids acids acids 
None None to slight Slight to marked Nil None Slight None to slight | None to slight 
. ra ane Fee re Ee dep. on alkalinity to marked 
slight Slight Decomposes Decomposes Decomposes Decomposes Decomposes Attacked Attacked 
tant Generally Attacked by Attacked by Attacked by Generally None Attacked by ketones and 
e ——Resistant_}— ce I ___ some Resistant chlorinated solvents 
a te ___ Good Excellent 9, Excellent Good to Fair Fair to good Good Good Fair 
arent Translucent Transparent Transparent, Opaque Opaque Opaque Transparent Transparent 
light to opaque translucent, to opaque to opaque 
ssion) Ra ee : opuque 
2), CR PAirtemp (16), Alfane (18), Araldite Airtemp (16), Catalin (33) ff Alcylite (94), | Alcylite (94), Catalin (33), Durez (51), Durite (24), ff Amester (5), Atlac (19), Cadco (28), 
on (98). Bakelite (21), Cadco (28), ff Amphesive (18), Gemstone (89), |GE (67), Haveg (79), Kaston (123), Korez $ (18), Cellobond (27), Fostercast (162), GE 
Cardolite (87), Cellobond (27), Corrocote (35), | 
nduron Cordopreg (42), Corrocote (35), Epocast (63), Kaston (123), Lebec (93), Marblette (96), Nobellon (130), Plyophen#f (67), Gel-Kote and Glid-lron (74), 
aminac ff Devcon (36), Ecco(55), Epiphen Epolac (92), He- Marblette (96) |(130), Resinox (104), Synvaren (153) Glidpol (74), Glykon (69), Helix (23), 
(24), Epocast (63), Epolac (92), lix (23), Hysol Hetron (51), IC (85), Laminac (6), 
ay gg my “yh: He- (83), eae, 4 Loven (94), Marco (34), Paraplex 
ix % so 3), Marblette r er-moditie ( en 3 
(96); Nurece (113), Polykest(123),4 crams) (113), ee 
Polytool (130), Ren (131), Stycast | Polytool (130), olylite (130), Selectron (118), 
(55), Tygofil (159), Tygoweld Thiokol (154), Sierracin (146), Stycast (55), Stypol 
159), Tylene (155 ] (135), Synvar V (153), Vibrin (111) 
32,114, § 16,18,21,23,24,27,28,35,36,38, 89,94,96, 123 18,24,33,35,51,67,79,93,94, 96, 104, | 1,51,94,123, 136, 2,5,6,19,22,23,27,28,34,51,55,67, 
42,55,56,63,82,83,87,92,94,96, 123,130, 153 153 69,74,82,85,94, 103,111,118, 130, 135, 
113,123, 130,131,143,155,159 137, 144,146,153, 157,158,162 





Slass Co., Paint Div., 1 Gateway 


135. Robertson Co., H.H., 2407 Farmers Bank Bldg., 151. Styrene Products Ltd., London W. 1, England 
1 22, Pa. Pittsburgh 22, Pa. 152. Sylvan Plastics, Inc., 1617 Penna. Bivd., 
Inc., 2 E. 5th St., Paterson 1, N.J. 136. Rogers Corp., Rogers, Conn. Philadelphia, Pa. 
_Inc., New South Rd., Hicksville, mY. 137. Rohm & Haes Co., Washington Sq., Philadelphia 5, Pa. 153. Synver Corp., Wilmington 99, Del. 
‘ing Co., Sheboygan, Wis. 138. Rostone Corp., 135 Earl Ave., Lafayette, Ind. 154. Thiokol Chemical Corp., Trenton 7, N.J. 
wring Corp., 71 Box St., Bklyn 22, N.Y. 139. Rubber Corp. of America, New South Rd., Hicksville, N.Y. 155. Tylene Plastics, Inc., Freyer Rd., Michigan City, Ind. 
Valley, Calif. 140. Sandee Manufacturing Co., 5050 Foster Ave., 156. United States Gasket Co., 602 N. 10th St., Camden 1, N.J. 


Pa., 2140 Fairmont Ave., Reading, Pa. Chicago 30, Ill. 

2150 Fairmont Ave., Reading, Pa. Seiberling Rubber Co., Plastics Div., Newcomerstown, 
lastic Co., Middletown Road, Ohio 

he - Shawinigan Products Corp., 350 Fifth Ave., 

h, 3126 Los Feliz Blvd., New York 1, N.Y. 

if. 143. Shell Chemical Corp., 380 Madison Ave., New York 17,N.Y. 
- Sherwin-Williams Co., Chicago 28, Ill. 

- Shoe Form Co., Inc., Auburn, N. Y. 

. Sierracin Corp., 1121 Isabel St., Burbank, Calif. 


U.S. Industrial Chemicals Co., Div. National Distillers 
Products Corp., 99 Park Ave., New York 16, N.Y. 

- U.S. Plastic Products Corp., Lake and Whitman Ave. 
Metuchen, N.J. 

United States Stoneware Co., Tallmadge Ave., 
Akron 9, Ohio 

Valite Corp., New Orleans 17, La. 

Watertown Mfg. Co., Watertown, Conn. 
Westinghouse Electric Corp., Benoliteé Plant, Manor, Pa, 


159. 


160. 
161. 
162. 


Sorp., Erie St., Paterson 4, N.J. 
tan, Inc., Manheim, Pa. 

als, Inc., 525 North Broadway, 
Y. 


147. Solvic Society Anonyme, 244, Rue de la Loi, 163. Westlake Plastics Co., Lenni Mills, Pa. 
+» 3179 S. Cedar Rd., Lansing 4, Mich. Brussels, Belgium 164. Woodall Industries, Inc., 7565 E. McNichols Rd., 
, Belleville 9, N.J. 148. Southern Plastics Co., Columbia 1, S. C. Detro:t 34, Mich. 
1 18th St., Sante Monica, Calif. 149 165. Worbla Ltd., Papiermuehle-Berne, Switzerland 


+» Spencer Chemical Co., Dwight er Kanses City 5, Mo. 
ec 


“he, 2747 Lake St., Melrose Park, Ill. 150. Stokes Molded Products, Div. of E tric Storage 


Battery Co., Taylor St., Trenton 4, N.J. 
*Copyrighted 1958 by Plastics Catalogue Corp., 575 Madison 
Avenue, New York 22, New York. All rights reserved, including 
the right to reproduce the chart or portions thereof in any form. 
Supplement To Modern Plastics Encyclopedia Issue, Sept.1958. 














TABLE I: Synthetic Plastics and Resin Production, 
Dry Basis® (U.S. Tariff Commission) 





Material 1956 


1957 





1000 Ib. 


CELLULOSE PLASTICS 


Cellulose acetate and mixed ester, 
total 

Sheets, under 0.003 gage 

Sheets, 0.003 gage and over 

All other sheets, rods, and tubes 

Molding and extrusion materials 
Nitrocellulose sheets, rods, and tubes 
Other cellulose plastics 


136,067 
19,384 
16,656 

7,282 
92,745 
5,254 
5,651 


1000 Ib. 


138,782 
18,568 
18,448 

7,573 
94,193 
3,972 
5,358 





Total 
PHENOLIC AND OTHER TAR ACID 
RESINS: 


146,972 


Molding materials 226, 182 
Bonding and adhesive resins for: 
Laminating (except plywood) 
Coated and bonded abrasives 
Friction materials (brake linings, 
clutch facings, etc.) b 
Thermal insulation (rockwool, 


70,079 
15,144 


fibrous glass) 

Plywood 

All other bonding and adhesive 
uses 


53,768 
51,213 


48,948 
Protective coating resins, unmodified 


and modified, except by rosin 
Resins for all other uses 


27,664 
45,034 


148,112 


183,886 


69, 198 
16,787 


15,334 


53,215 
46,887 


51,169 


31,111 
40,071 





Total 
UREA AND MELAMINE RESINS: 


538,032 


Textile-treating and textile-coating 
resins 46, 187 

Paper-treating and paper-coating 
resins 26, 134 

Bonding and adhesive resins for: 
Plywood 
All other bonding and adhesive 

uses, including laminating 

Protective coating resins, straight 
and modified 

Resins for all other uses, including 
molding 


107,617 


30,170 


37,725 


93,687 


507,658 


41,160 


23,942 


98,115 


41,054 


36,860 


107,946 





Total 
POLYESTER RESINS. 
Reinforced plastics 

All other uses 


341,520 


349,077 


87,466 
8,766 





Total 
STYRENE RESINS: 


Molding materials 469,444 
Protective coating resins, straight 
and modified® 


Resins for all other uses 


98,037 
112,147 


96,232 


422,082 


91,641 
159,602 





Total 679,628 


POLYETHYLENE 


565,705 


673,325 


707,500 


Material 1956 1957 





1000 1b. 1000 Ib. 


VINYL AND VINYL COPOLYMER 
RESINS? (resin content): 


Polyvinyl chloride and copolymer 

resins (50% or more PVC) for. 
Film (under 0.010 gage) 
Sheeting (0.010 gage and over) 
Molding and extrusion 


78,447 
52,565 
204,828 


78,029 
62,571 
218,466 
Textile: and paper-treating and 
coating 63,222 
65,752 
28,516 


73,796 


68,446 
81,248 
31,374 
94,308 


Flooring 
Protective coatings 
All other uses 

All other vinyl resins for: 
Adhesives 41,729 


113,416 


41,965 


All other uses 120,423 





Total 


759,771 886,506 


ALKYD RESINS: 


For protective coatings: 
Phthalic anhydride types: 
Unmodified 
Modified 
Polybasic acid types: 
Unmodified 
Modified 
For all other uses 


287,821 
103,989 


314,434 
118,094 


8,531 
12,291 
17,650 


7,551 
19,240 
27,567 





Total 


430,282 486,886 


ROSIN MODIFICATIONS 


Rosin esters for protective coatings: 
Unmodified (ester gums) 
Modified (hard resins) 

All other modifications for protective 


32,428 
60,762 


coatings and other uses 28,540 





Total 121,730 


COUMARONE-INDENE AND PETRO- 
LEUM POLYMER RESINS 286,144 
MISCELLANEOUS SYNTHETIC 
PLASTICS AND RESINS: * 
Molding materials 43,520 
24, 706 
124,130 


52,834 
42,730 
130,028 


Protective coating resins 
Resins for all other uses 





Total 


192,356 225,592 


GRAND TOTAL 4,126,587 4,488,762 


® eDry basis’’ is defined as the total weight of the material, in- 
cluding resin, plasticizers, fillers, extenders, colors, and stabilizers, 
and excluding the weight of water, solvents, and other liquid diluents. 

b Included with ‘‘All other bonding and adhesive uses.’’ 

© Includes data for styrene-alkyd polyester resins. 

statistics by use are based on sales; total 
production. 

© Includes data for acrylic, epichlorohydrin, polyamide (nylon), 


silicone, and various other types of synthetic plastics and resin 
materials. 


is based on 





STATISTICS OF THE INDUSTRY 

















TABLE |: Synthetic Plastics and Resin Production, 
Dry Basis® (U.S. Tariff Commission) 





Material 1956 


—_— 


1957 


Material 


1956 1957 





1000 Ib. 
CELLULOSE PLASTICS: 


Cellulose acetate and mixed ester, 
total 

Sheets, under 0.003 gage 

Sheets, 0.003 gage and over 

All other sheets, rods, and tubes 

Molding and extrusion materials 
Nitrocellulose sheets, rods, and tubes 
Other cellulose plastics 


136,067 
19,384 
16,656 

7,282 
92,745 
5,254 
5,651 


1000 Ib. 


138,782 
18,568 
18,448 

7,573 
94,193 
3,972 
5,358 





Total 
PHENOLIC AND OTHER TAR ACID 
RESINS: 


146,972 


Molding materials 226, 182 
Bonding and adhesive resins for: 
Laminating (except plywood) 
Coated and bonded abrasives 
Friction materials (brake linings, 
clutch facings, etc.) b 
Thermal insulation (rockwool, 


70,079 
15,144 


fibrous glass) 

Plywood 

All other bonding and adhesive 
uses 


53,768 
51,213 


48,948 
Protective coating resins, unmodified 


and modified, except by rosin 
Resins for all other uses 


27,664 
45,034 


148,112 


183,886 


69,198 
16,787 


15,334 


53,215 
46,887 


51,169 


31,111 
40,071 





Total 
UREA AND MELAMINE RESINS: 


538,032 


Textile-treating and textile-coating 
resins 46, 187 

Paper-treating and paper-coating 
resins 26, 134 

Bonding and adhesive resins for: 
Plywood 
All other bonding and adhesive 

uses, including laminating 

Protective coating resins, straight 
and modified 

Resins for all other uses, including 
molding 


107,617 


30,170 


37,725 


93,687 


507,658 


41, 160 


23,942 


98,115 


41,054 


36,860 


107,946 





Total 
POLYESTER RESINS: 
Reinforced plastics 

All other uses 


341,520 


349,077 


87,466 
8,766 





Total 
STYRENE RESINS: 


Molding materials 

Protective coating resins, straight 
and modified* 

Resins for all other uses 


469,444 


98,037 
112,147 


96,232 


422,082 


91,641 
159,602 





Total 679,628 


POLYETHYLENE 


ee 


565,705 


673,325 


707,500 





1000 Ib. 1000 Ib. 
VINYL AND VINYL COPOLYMER 
RESINS? (resin content): 


Polyvinyl chloride and copolymer 
resins (50% or more PVC) for: 
Film (under 0.010 gage) 
Sheeting (0.010 gage and over) 
Molding and extrusion 
Textile: and paper-treating and 
coating 


78,447 
52,565 
204,828 


78,029 
62,571 
218,466 


63,222 
65,752 
28,516 
73,796 


68,446 
81,248 
31,374 
94,308 


Flooring 
Protective coatings 
All other uses 

All other vinyl resins for: 
Adhesives 
All other uses 


41,729 
113,416 


41,965 
120,423 





Total 


759,771 886,506 


ALKYD RESINS: 


For protective coatings: 
Phthalic anhydride types: 
Unmodified 
Modified 
Polybasic acid types: 
Unmodified 
Modified 
For all other uses 


287,821 
103,989 


314,434 
118,094 


8,531 
12,291 
17,650 


7,551 
19,240 
27,567 





Total 


430,282 486,886 


ROSIN MODIFICATIONS 


Rosin esters for protective coatings: 
Unmodified (ester gums) 
Modified (hard resins) 

Ali other modifications for protective 
coatings and other uses 


33,001 
62,299 


32,428 
60,762 


37,600 28,540 





Total 


132,900 121,730 


COUMARONE-INDENE AND PETRO- 


LEUM POLYMER RESINS 260,292 286,144 


MISCELLANEOUS SYNTHETIC 
PLASTICS AND RESINS: * 
Moiding materials 
Protective coating resins 
Resins for all other uses 


43,520 
24, 706 
124,130 


52,834 
42,730 
130,028 





Total 


192,356 225,592 


GRAND TOTAL 


4,126,587 4,488,762 


* «Dry basis’’ is defined as the total weight of the material, in- 
cluding resin, plasticizers, fillers, extenders, colors, end stabilizers, 
and excluding the weight of water, solvents, and other liquid diluents. 

b Included with ‘‘All other bonding and adhesive uses.’’ 

© Includes data for styrene-alkyd polyester resins. 

4 statistics by use are based on sales; total is based on 
production. 

©Includes data for acrylic, epichlorohydrin, polyamide (nylon), 


silicone, and various other types of synthetic plastics and resin 
materials. 





STATISTICS OF THE INDUSTRY 





prccieeing Chart 





PLASTIC MATERIAL 


EASE OF IGNITION 


SELF- 
EX TINGUISH- 
ING 


CHARACTER OF FLAME 





1. Acetal 
2. Acrylic 


Moderate 
Readily 


No 


Clean blue flame; no smoke 


No 


Yellow top, blue around bottom edges; some black smoke; spurts 





* Acrylonitrile-but adiene- 
styrene polymer blend 


Readily 


Yellow; black smoke 





4. Alkyd (mineral filled) 


Difficult 


Yellow 





5. Allyl ester 


i Aniline formaldehyde 
7. Butadiene copolymer rubber | 


8. Butyl rubber 


Moderate 


Readily 


Readily 
Readily 


Yellow, blue edges; black smoke 


. Yellow; large spurts; black smoke : 





Dark yellow; smoky; clumps of carbon in air 





Yellow; black smoke 





9. Casein 





Moderate 


Yellow; grey smoke 





10. Cellulose acetate 


Readily 


Dark yellow; some sooty black smoke 





11. Cellulose acetate butyrate 


Readily to moderate 


Dark yellow with slight blue edges; some black smoke (not sooty) 





12. Cellulose acetate propionate 


Readily 


Dark yellow; some black smoke 





13. Cellulose nitrate 


Very readily 


No, burns ex- 
tremely fast 





Yellows; very hot 





14. Cellulose propionate 


Readily 


No 


Dark yellow; some black smoke 





15. Chlorinated polyether 


Difficult 


Yes 


Sputtering, bottom green, top yellow; dense black smoke; clumps of 
carbon in the air 





16, Cold molded (bituminous) 


Very difficult 


Yes 


Yellow; may give off black smoke 





17. Coid molded (phenolic 
or melamine bond) 


Will not burn 





18. Diallyl phthalate 


190 sec. (Mil M-14 E) 





Yellow; black smoke 





19. Epoxy, phthalic anhydride 
hardened 


Readily 





Yellow, spurts black smoke 





20, Epoxy, amine hardened 


Readily 


Yellow, spurts heavy black smoke 





21. Ethyl cellulose 


Readily 


Yellow, blue edges 





22. Lignin, laminated paper 


23. Lignocellulose 


24. Melamine- -formaldehyde ee 


25 Neoprene a 


26. Nylon . 
27. Phenolic, “cast” 
28. Phenolic - impregnated wood) 


Moderate 


[Moderate to difficult] 


Difficult 
~ Re adily es 


Moderate 


j | Difficult to moderate] 


Moderate 


7 Yes, but con- 


Dark yellow; black smoke; light purple edge on flame 





Yellow; purplish blue around bottom; spurts 





Yes 


Light yellow 





Yes, slow 








tinues to burn for 
a few minutes 
after removal 
from flame 


Blue with yellow top 
| Yellow; sparks — 
Yellow 








29. Phenolic, laminated, fabric- 
base 

30. Phenolic, 
base 

31. Phenolic, 
asbestos 


32. Phenolic, 


laminated, 
molded, filler 


33. Phenolic, molded, no filler | 
34. Polyester, cast 
35. Polyester, Standard unfilled | 


laminated, paper- T 


Moderate 


~ Moderate 


No 


~ No 


“| Yellow; 


Yellow; a little black smoke 





a little black smoke 





Difficult 


Yes 


Yellow 





~~ Difficult 


_Very difficult 
“Readily 


Yes 


Yellow 





Yellow; sparks less than cast 





Yellow, black 





Moderate 


Yellow; black smoke, burns steadily 








36. Polyester-glass mat laminate 


37. Polyethylene 


——4+—— — 


Difficult 
Readily 





Yellow; some soot 





Bottom blue, top yellow 





38. Polyethylene (hi gh-density) 


39. Polyethylene (filled) 


Readily to Moderate | 


Difficult 


Bottom blue, top yellow; white smoke 





Yellow with slight smoke 





. Polypropylene 


Readily to Moderate 
(depend ing on thick- 
ness) 


Bottom blue; top yellow; some white smoke 








41. Polym 
42. Polystyrene 


Polymethylstyrene 


+— 


Readily 


Similar to polystyrene 





Readily 





Orange-yellow; black dense smoke; large clumps of carbon in the air 





43. Polytetrafluoroethylene 


Will not ignite | in 
busen flame 


Yellow, green near base 





44. Polytrifluorochloroethylene 


Does not ignite 





45. Rubber, hard, natural 


Readily 


Orange-yellow; black smoke; spurts or shoots of light yellow flame 





46. Rubber, natural 


eee 


Readily 


Dark yellow; black smoke 





Easily 





43. Styrene-acryloni trile 
copolymer 
49. Urea-formaldehyde | 


50. Vinyl acetate 


e-yellow; blue around bottom edges; black smoke; a few biue- 
light yellow spurts 





"Readily 


Yellow; heavy black smoke 





Difficult 


Pale yellow with light greenish-blue edge 





Readily 


Dark yellow flame; spurts, black smoke; clumps of carbon smaller than 
that from polystyrene 





51. Vinyl alcohol compound 


Readily 


Yellow; black smoke 





52. Vinyl butyral 


Readily 


Bottom blue, top yellow 





53. Vinyl chloride 


Difficult 


Yellow, green on bottom edges; spurts green and yellow; white smoke é 





54. Vinyl chloride-acetate 


Difficult to moderate 


Dark yellow; smoky; green at edges 





55. Vinylidene chloride 


Very difficult 


Yellow, green on edges; spurts green 








56. Vulcanized fibre 


Moderate 





Light yellow; purple edges 








When using these burning tests, it should be kept in mind that so many modifications of existing plastics materials are being made available 


thet at times the burning characteristics of different formulations within a single group may differ radically. More and more frequently,- 


special 


MODERN PLASTICS ENCYCLOPEDIA ISSUE 








BEHAVIOR OF MATERIAL 


ODOR 





Melts; drips; drippings continue to burn 





Softens; usually no drip; very little char left after flame is blown | 


out _ ¢ aabthh ~ Setginbey th 


None while burning; formaldehyde on extinguishing 





Characteristic, acrylic monomers (fruity) 





Softens and chars 





4, Chars, cracks 


Characteristic, polyesters 


Characteristic 





5, Cracks and pieces fall off; fallen pieces continue to burn; turns 





6. Swells; softens 
?. Softens 
a. Softens; cracks 








Characteristic, allyl resins 


Characteristic, formaldehyde 
| Characteristic 
Characteristic (medicinal) 











. Swells; chars 


Burning protein materials, e.g. wool, milk curds, silk, 





10. Melts; drips; drippings continue to burn 


Characteristic (burnt sugar) 





il. Melts; drips; drippings continue to burn 


Characteristic; butyric acid; (rancid butter) 





12. Melts; drips; drippings continue to bum 
13. Material burns completely 





Characteristic; propionic acid 


“Burns too fast to detect 





: 4. Melts; drips; drippings continue to burn 


Characteristic; propionic acid 





15. Softens, no drip 


Characteristic 





16. Chars 


Bituminous; waxy odor 








18, Softens 


Characteristic _ 





19, Melts at edge; chars 


Characteristic 





20. Chars 


Characteristic 





21. Melts; drips; drippings continue to bum 


Characteristic; resembles cellulose acetates, except LT composi tion 
which resembles burning oil and wax 





22. Swells; cracks between laminae; softens 


1 h 


R 





ing wood 





23. Swells, cracks 


Resembles burning wood, may be slightly sweet al 





24. Swells, cracks; tums white at edges of burned section 


Characteristic penetrating odor; resembles urea; ammonia 
and formaldehyde present 





25. Softens, char remains 





Characteristic, slight resemblance to natural rubber, sharp 
component present 





26. Melts, drips, and froths 
27. Cracks badly and deeply 
28. Swells; cracks 








Characteristic (burning proteins) __ 





_| Phenolic, strong with formaldehyde 


Wood; phenolic 





29. Swells; cracks between laminae; cloth continues to glow 


Fabric; phenolic 





30. Swells; cracks between laminae 


Paper; phenolic 





31. Surface cracks (blisters) and oxidizes 


Phenolic; formaldehyde 





32. Swells, cracks; (wood-filled blisters and has afterglow and white 
ash) 


Phenolic; odor from resin may be temporarily marked by odor from 
decomposing organic fillers such as woodflour, e.g. bumt wood 





33. Cracks 


Phenolic 





34. Melts at edges 


Characteristic, polyester 





‘5. No drip or falling particles; softens; bums steadily 


Characteristic (slightly bituminous) 





36. Chars 


Characteristic 





37. Melts and drips 


Burning peraffin 





38. Melts and drips 


Burning paraffin 





39. Softens, char remains 


Burning peraffin 





40. Melts and drips 


Burning pareffin 





41. Softens 


Characteristic, methylstyrene monomer 





42. Softens, bubbles 


Characteristic, styrene monomer 





43. Melts, bubbles, slight charring 


Very little odor 





"44. Softens 


Characteristic 





45. Swells, material does not soften, but liquid comes to surface 


Characteristic 





46. Softens 


Characteristic 





47. Softens 


Characteristic (sealing wax) 





48. Melts; bubbles; chars more than polystyrene 


Characteristic, polyacrylonitrile 





~ 49 ‘Swelis; cracks; tums white at edges of burned section 


Characteristic; urea; strong with formaldehyde; (strong 
pancake odor) 








50. Softens 





Characteristic; resembles other vinyls except for absence _ 
of chlorine; resembles polystyrene 





51. Softens; spatters; blisters 


Characteristic; resembles vinyl 





Melts and drips; drippings usually do not continue to burn 


Characteristic, resembles vinyl and butyric acid 





53. Softens 





Characteristic; chlorine 





54. Softens; chars; bubbles 


Characteristic; hydrochloric acid detectable 





Softens; chars; leaves ash 


Characteristic; chlorine 





Swells at edges; splits on laminae; smolders 





Burning hay or grass 





elf-extinguishing formulations are also being made available. These tests are most reliable when authentic samples of the actual material 


e used for comparison with the unknown material. 


BURNING CHART 





Foamed Plastics Chart 


Water abs 





TYPE OF 
MATERIAL 


Open 
‘oam-in-place 


flexible 


EEE 


URETHANE (POLYURETHANE; ISOCYANATE) 


Open and closed cell; rigid 


Open and closed cell; rigid; foamed in place 





Slab, sheets, 2 and 3 package 


blocks, custom | system for mix- 


shapes ing on job 


Max. width 

80"; max. 

120 ft 
thickness 
1/16-8 


length 


cu, ft 1.54 


2-20 


Thermal conductivity, 


I 0.25 at 4 Ib. 
B.t.u./sq. ft./hr./ °F 


cu, ft. 


0.25 at 4 Ib. 


cu. ft. 


Tensile strength, p.s.i. 18-50 13-150 


Compressive strength, p.s.i. 0.2-1.0 
(at 25%) 


0.5-1.5 
(at 25%) 
Impact strength, 


if 


Buming rate 


Self-extinguishing (when sp 


Max 


temp., °F 


Dry 260-275 7 C 
Wet 212 


service 


Elongation, 150-500 200-500 


Coefficient of linear 
expansion, in./in F. 
Water absorption, 


Dielectric constant . 1.1 


ss tangent .5 x 0.5 


x 1o-3 


Custom made shapes 


48 


0.21 at 4 Ib./ 
cu, ft. 


75-225 
50-225 


ecially « 
Sontinuous | 


200-250 


1.4 = 105 


1.8 
1,10 


0 


ompounded) 


Continuous 
250-350 


2.6 x 105 


912 
0.26-0.28 


250-325 
250-400 


Self-extin 


Continuous 


250-350 


3.5 x 105 


0.8 


| 


1.2 
0.5 x 10-3 


2 and 3 package system for mixing on job 


1318 1925 


0.28-0,31 0.31-0,33 


375-500 525-800 


425-800 900-1200 + 


0.32 


guishing when specially compounded) 


Continuous 
250-350 


Continuous 
250-350 


Continuous 
300-400 


Continuous 
300-400 


4.0 x 108 108 


0.2 - 
1.4 
3.0 x 10-3 


1.5 


+ 
2.0 x 10-3 | 4.0 x 10-3 


Trade designations of 
this type of foar 


and 


foaming Compounds 


OPEN AND CLOSED CELL FOAM 
Airborne (73), Burkart (7), Curifoam (15), Cush-N-F cam 
Polyester (40), Eccofoam S (25), Foamex E (27), Fomrez 
(77), Insulfoam (61), lsoaire (23), Nafil (11), Nopcofoam 
(52), Pliofoam SL (35), Poly-Koolfoam (17), Polyfoam (32), 
Polylite (58), Reynofoam (59), Selectrofoam (56), Sheller- 


FOAMED IN PLACE 
Cyofoam (3), Eccofoam FP (25), Fomrez (77), lsofoam (42), 
Loven (45), Mondur (49), Nafil (11), Nopco Lockfoam (52), 
Poly-Koolfoam (17), Polylite (58), Polyrubber (1), Reyno- 
foam (59), Scotchfoam (48), Selectrofoam (56), Stafoam, 
Lockfoam (1), Stanfoam (67), Urefoam (3), Vibrathane (51) 


Tex (66), Stafoam 


foam (74), Vinylfoam (24) 


2:64 34 
32, 33, 34, 35, 37 


59, 61, 


(1), Stanfoam (67), Unifoam (8), Vibre- 


9, 11, 15, 17, 21, 22, 23, 24, 25, 26, 27, 
, 37, 38, 39, 40, 46, 52, 53, 55, 56, 58, 
6, 66, 67, 72, 73, 74, 77 


a, 9, 


59, 67, 72, 77 


11, 17, 25, 39, 42, 45, 48, 49, 51, 52, 55, 5 


ae 








TYPE OF 


MATERIAL OPEN CELL 


POLYVINYL CHLORIDE FOAMS 


CLOSED CELL 





Flat stock in sheets Resistance ratings 
and rolls i 

Strong acids 

wed cushions and | 


ther molded shapes | Strong alkalies 


1/16" to 5 
14" to 54 


thick Grease and oils 


wide 
Organic solvents 
4 and up 
f | Water 


+ 


| High relative humidity 


Excellent 
10 to 200 
Sunlight 
75 to 300 
| Resistance to heat, 
Self-extinguishing f 


3 to 500 Resistance to cold, 


f 


} 
| Trade designations of 


en aging, 22 hr this type of foam and 
F.* (change from 


nd. load def.), % 


foaming compounds 


mpression set, 22 hr 


8° F.* (max. based 


inal height), 


flexing | 


ea Manufacturers of this 
cles* (max, 


ty of foam and 
m original pe . 


foaming compounds 
596 


| (see list on p. 
wption, for key to numbers) 


*SPI Tentative Specifications and Methods of Test for Vinyl F cams 


Resistance decreases as plasticizer is increased. 
* These 


rmula of material, design of part, and service conditions. 


P to Ef 
E 
E 
G 


150 to 225° 


Stiffens at + 20 
to —40° 


Aer-O-Buoy (62), 
Bolta Foam (31), 
Crestfoam (14), 
B.F.Goodrich PVC (33) 
U. S. (74), 
Vin-So-Lite (29), 
Vinylaire (23), 
Vinacel (35), 

Wilflex (28) 

6, 10, 14, 23, 24, 26, 
28, 29, 31, 32, 4, 35, 
36, 39, 46, 47, 50, 57, 
59, 62, 71, 74 


compositions are the thermoplastic materials that gradually become softer as the temperature increases. 





Forms available 


Standard sizes 


Density, Ib./cu. ft. 


Heat sealability 


Tensile strength, p.s.i. 


Elongation, % 


Flammability 


Indentation load deflec- | 


tion* (1b./50 sq. in. 
at 25% def.) 


Air oven aging, 22 hr. 


at 212°F.* (change from 


orig. ind. load def.), % 


Compression set, 22 hr. 


at 158°F.* (max. based 


on original height), % 


Dynamic flexing— 
250,000 cycles* (max. 
set based on original 
height), % 


Water absorption, % 


Sheets and molded | Resistance retings 
h s 
tt la | Strong acids 
Strong alkalies E 
} } 
36" x 44° 
| 1/16" to 2" 
? 


. Grease and oils G 


thick 


| Organic solvents P to E 


4 to 25 
“ | Water E 


+ 


| High relative humidity EF 
} + 
| Sunlight G 


} | Resistance to heat, 150 to 225* 
| Self-extinguishing | °F. 

+ + 

| Stiffens at +2 


~ Resistance to cold, 
F. to — 40° 


} + 
| Trade designations of | Aer-O-Buoy (62 
this type of foam and |Crestfoam (14 
|Ensolite (74), 
|B.F. Goodrich P\ 
|Rubatex (36), 
|Vin-So-L ite (29 
Wilflex (28) 


foaming compounds 


Manufacturers of this | 10, 14, 28, 29, 4 
type of foam and 36, 57, G2, 74 
foaming compounds 

j (see list on page 596 


5 (max.) | for key to numbers) 





The maximum and minimum service temperature will depend on 
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UREA- 
PHENOLIC | FORMAL- POLYSTYRENE 
DEHYDE 


TYPE OF CELLULOSE 
MATERIAL ACETATE 


Ts 7 Tr 

available | Boards and rods Liquid resin for foaming in place Block and | Sheets or shapes molded Homogeneous boards, planks and 
| (rigid closed cell shred from expandable beads logs 
| foam) 





. + } } 
Boards: 1" x 4"; Block Boards: 12", 16", and 24” 
% x GY; Yt x BF 20%" =x 10%" widths; 1"—4" thickness 
any length by 4%" 8 and 9 lengths 
Rods: 2%"; Planks: 5" x 15" x 
'x 9 
Logs: 25' x 33' x 
—— 7 - a t t T T t ——s 
cu. ft 2-5 | 0.8-1.2 2.0 6.0 10.0 1.8 
al conductivity, 0.24-0.28 0.18-0.21 0.22 0.24 0.25 0.25 at 40°F. mean temperature 
q. ft./he./ °F ./in. at 70°F. mean temp. 
- - Z + - T + + YT T Y , 
e strength, p.s.i. 4-35 Poor 55 90 130 55 105 180 
ressive strength, p.s.i. le 9-31 200 20 100 240 16-32 50-80 120-140 


t strength, ft.-Ib./in. | - 0.17 0.3 0.42 - - - 
g rate, in./min. 4.5 Self-extinguishing 4-5 Styrofoam 33: self-extinguishing 
(can be made SE) Styrofoam 22: non-self-extinguishing 


n service 350 Continuous: 300 185 155-175 
rature, “F. 





icient of linear 2.5 | - - 3-4 3-4 
n, 1075 in./in. | 
+ 


ture absorption, 100% R.H. : 13-17 | 100% R.H. = 13-51] 100% R.H. = 10-15 - Nil Nil 
wt | 50% R.H. : 1.9-2.5 | 50% R.H.= 1-4 | SO%R.H. = 1-5 
T > 


apor transmission, - - | - - 2.0 1.5-3 
sq. ft./in./cm. Hg 


+ 


tric constant | 1.12 | - 1.19-1.20 - <1.05 at 10? — 10® cycles <1.05 at 107-10* cy./sec 


} 4 } Nt 
ation factor - - | -, 0.028-0.031 - <0.0005 at 107-10® cycles <0.0002 at 107~10° cy./sec 
, ' t 
jesignations of | CCA (69), | Corfoam (60), Cosmalite (13), Eccofoam GL (25),j Colfoam (13) Dow Pelaspan 8(19), Dermafoam (30), Eccofoam (25), 
type of foam and Strux (69) | Kaston (57), Lebec (44), Marblette (47) i Dylite (43), Puffoam (30), Scorbord (19), 
@ compounds Styrocell (70) Spherofoam (64), Styrocell (70), 
Styrofoam (19), Styropor (4 
facturers of this type | 13, 25, 44, 47, 57, @, 76 19, 43, 70 19, 25, 30, 6&4, 70 
and foaming com- | 
see list on page 596 


numbers) | 
— 








POLYVINYL RUBBERS 
CHLORIDE 
TYPE OF , EPOXY 
Plastisol SILICONE BUT ADIENE- 
refoame NATURA DIENE- 
MATERIAL (Prefoamed Blocks) — NEOPRENE STYRENE reed oe 


(containing RUBBE 
blowing agent) UBBER (GR-S) ACRYLONITRILE 





Liquid or paste Powder Blocks Sheets, rolls, or Sheets Boards Sheets 
i | | molded shapes | | 
Foamed in place 3-30' at Foamed in place at up to 1' x 2° x 6’ | 40"x120"; 1/8" to | 36' x 36" and x 3€ 36 x 36 
310-350 F. closed or open | 320°F. Cell size 1" thick; 4 to 2 40" x 120’; 1/2" to 2" thick 1/8" to 1" thick 
cell less than 0.08 in. (sheets & rolls); 1 1/8" to 1" thick 
to 7" (molded 
shapes) 
cu. ft. 12-26 -20 3.5-20 10-30 


nductivity, 0.36 ‘ ; \ 0.022-0.024 0.25-0.30 0.25-0.35 
hr./ °F ./in. 


trength, p.s.i. 250-1200 5.6 lb. » 17.7 20-100 
Ib. : 490 
e strength, p.s.i. . 2 5.6 Ib. . 37. 40 and up 
Ib. : 950 


trength, sft.-lb. /in. | | a | | ] | | 411 
./min, Self-exting uishing Nonflammable 


service 200 700 194 (10 Ib. @ 20 180 
re, °F p.s.i. load) 


ignations of this Chem-O-Sol (12), Dow Corning (20) Durafoam (16) Airfoam (35), Foamex (27), Airfoam (35), Cell-tite (34), 
foam and foaming Dennis (18), Fashon Foam (32), | B.F. Goodrich (34),, Cell-tite (34), Rubatex (36) 
is Foamosol (75), Foamex (27), Rubatex (36) Foamex (27), 
Parcloid (54), Rubatex (36), Rubatex (36) 
Reynofoam (59), Texfoam (4), 
Stanley (68), 
Sterilkote (5), 
Vynafoam (41), 
Wilflex 28) 
turers of this type of | 5, 12, 18, 28, 41, 50, 57, 
i foaming compounds | 59, 63, 68, 75 
m p. 596 for key to 





FOAMED PLASTICS 





LIST OF MANUFACTURERS OF FOAMED PLASTICS 


1. American Latex Products, Inc., 3341 W. El Segundo 
Blvd., Hawthorne, Calif. 
2. American Rubber Products Corp., La Porte, Ind. 
3. Atlas Mineral Products Co., Mertztown, Pa. 
4. Badische Anilin & Soda-Fabrik AG, Ludwigshafen 
am Rhein, Germany 
5. Bradley and Vrooman Co., 2629 S. Dearborn St., 
Chicago 16, Ill. 
6. Brown Rubber Co., Inc., Lafayette, Ind. 
7. Burkart Manufacturing Co., F., Div. of Textron Inc., 
4900 N. Second St., St. Louis 7, Mo. 
8. Burnett and Co., Inc., W. T., Baltimore, Md. 
9. California Ink Co., Inc., 545 Sansone St., San Fran- 
cisco, Calif. 
10. Cambridge Rubber Co., Taneytown, Md. 
11. Chase Chemical Corp., 3527 Smallman St., Pittsburgh 
1, Pa. 
12. Chemical Products Corp., King Philip Rd., E. Provi- 
dence 14, R. I. 
13. Colton Chemical Co., A Div. of Air Reduction Co., 
Inc., 1747 Chester Ave., Cleveland 14, Ohio 
14. Crest Chemical Industries Corp., 72 Delavan St., 
Brooklyn 31, N.Y. 
15. Curtiss-Wright Corp., Carlstadt, N. J. 
16. D & R Pilot Plants, Inc., Hazardville, Conn. 
. Dayton Rubber Co., Dayton, Ohio 
. Dennis Chemical Co., 2701 Papin St., St. Louis 3, Mo. 
. Dow Chemical Co., The, Midland, Mich. 
. Dow Corning Corp., Midland, Mich. 
. Dryden Rubber Div., Sheller Manufacturing Corp., 
1014 S. Kildare Ave., Chicago 24, Ill. 
- Dunlop Tire and Rubber Co., Buffalo, N.Y. 
. Dura-Flex Co., 2043 Colorado Ave., Santa Monica, 
Calif. 
. Elastomer Chemical Corp., A Unit of Union Carbide 
Corp., 212 Wright St., Newark 5, N. J. 
. Emerson and Cuming, Inc., 869 Washington St., 
Canton, Mass. 
. Federal Industries, Div. of Textron Inc., Belleville 
9, N. J. 
27. Firestone Industrial Products Co., Div. of the Fire- 
stone Tire and Rubber Co., Fall River, Mass. 
28. Flexible Products Co., P.O. Box 306, Marietta, Ga. 
29. Foam King, Inc., 1816 Boston Rd., Bronx 60, N.Y. 
30. Frank Plastics Corp., 2941 East Warren Ave., Detroit 
7, Mich. 
31. General Tire and Rubber Co., Bolta Products Div., 
Lawrence, Mass. 
32. General Tire and Rubber Co., Industrial Products 
Div., Marion, Ind. 
33. B. F. Goodrich Co., Akron 8, Ohio 
34. B. F. Goodrich Sponge Products, Shelton, Conn. 
35. Goodyear Tire and Rubber Co., 1210 Massillon Rd., 
Akron 15, Ohio 


36. Great American Industries, Inc., Rubatex Div., Bed- 
ford, Va. 


37. Hadley Bros. — Uhl Co., Calvary at Altman, St. Louis, 
Mo. 

38. Hewitt-Robins, Inc., Buffalo, N. Y. 

39. Hood Sponge Rubber Co., 340 W. Huron St., Chicago 
10, Ill. 


40. Hudson Foam Products, Saw Mill River Rd. & Lake 
Ave., Yonkers, N. Y. 

41. Interchemical Corp., Finishes Div., P.O. Box 659, 
Newark 1, N. J. 

42. Isocyanate Products, Inc., P.O. Box 1681, Wilming- 
ton, Del. 

43. Koppers Co., Inc., Plastics Division, Pittsbureh 
19, Pa. 

44. Lebec Chemical Corp., 14066 S. Garfield Ave., Para- 
mount, Calif. 

45. Loven Chemical of Calif., Newhall, Calif. 

46. Magic Chemical Co., 100 Crescent St., Brockton 2, 
Mass. 

47. Marblette Corp., 37-21 30th St., Long Island City 
5. MB. E. 

48. Minnesota Mining and Mfg. Co., 411 Piquette Ave., 
Detroit 2, Mich. 

49. Mobay Chemical Co., 1815 Washington Rd., Pitts- 
burgh 34, Pa. 

50. Mono-Sol Corp., 407 County Line Road, Gary, Ind. 

51. Naugatuck Chemical, Div. of U. S. Rubber Co., 
Naugatuck, Conn. 

52. Nopco Chemical Co., Plastics Div., 175 Schuyler 
Ave., N. Arlington, N. J. 

53. Paramount Foam Industries, Inc., 522 Oritan Ave., 
Ridgewood, N. J. 

54. Parcloid Chemical Co., 31 Cross Avenue, Midland 
Park, N. J. 

55. Pelron Corp., 7847 W. 47th St., Lyons, Ill. 

56. Pittsburgh Plate Glass Co., Paint Div., 1 Gateway 
Center, Pittsburgh 22, Pa. 

57. Poly Resins, 11661 Wicks St., Sun Valley, California 

58. Reichhold Chemicals, Inc., RCI Building, White 
Plains, N. Y. 

59. Reynolds Chemical Products Co., 1200 N. Main St., 
Ann Arbor, Mich. 

60. Rezolin, Inc., 5736 W. 96th St., Los Angeles 45, Calif. 

61. Robinson Foams Ltd., 183 George St., Toronto, Canada 

62. Robinson Moulded Products Ltd., 183 George St., 
Toronto, Ontario, Can. 

63. Rubber Corp. of America, New South Rd., Hicksville, 
N. Y. 

64. Schwab Plastics Corp., 730 S. Dix, Detroit 17, Mich. 

65. Seatt Paper Co., Front & Broomall St., Chester, Pa. 

66. Sheller Manufacturing Corp., Portland, Ind. 

67. Standard Plastics, Inc., Breinigsville, Pa. 

68. Stanley Chemical Co., E. Berlin, Conn. 

69. Strux Corp., 37 W. John St., Hicksville, N. Y. 

70. Styrene Products Ltd., 170 Piccadilly, London, W. 1, 
England 

71. Sun Rubber Co., Barberton, Ohio 


72. Thiokol Chemical Corp., 780 N. Clinton, Trenton 
7, N. J. 

73. Trostel and Sons Co., Inc., Albert, Milwaukee, Wis. 

74. U. S. Rubber Co., Mishawaka, Ind. 


_75. Watson-Standard Co., 225 Galveston Ave., Pittsburgh 


30, Pa. 

76. Westlake Plastics Co., Lenni Mills, Pa. 

77. Witco Chemical Co., 122 E. 42nd St., New York 17, 
N. Y. 
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TYPE OF PLASTIC BASE 


POLYVINYL CHLORIDE 


VINYL CHLORIDE-ACETATE 
COPOLYMERS 


VINYLIDENE 
CHLORIDE-VINYL 





Rigid 


Nonrigid 


Rigid | Nonrigid 


CHLORIDE 
COPOLYMER 





Method of processing 


Calendering, 
casting, 
extrusion 


Calendering, 
casting, 
extrusion 


Calendering, extrusion, casting 





Forms available 


Sheets, rolls, 
tapes 


Sheets, rolls, 
tapes 


tapes, tubes) 





Thickness range, in. 


0.00 1-0.0 10 


0.00 1-0.010 





. Maximum width, in. 


54-84 


0.001-0,010 


54 





. Area factor® 


20,000-23,000 


20,000-23,000 


21,000 





6. Specific gravity 


1.35-1.45 


1,24-1.45 


1,30-1.39 1, 20-1.35 





. Tensile strength,” p.s.i. 


7,000-10,000 


1, 400-5, 600 


— 
2,000-4,500 


5,500-8,000 





. Elongation,» percent 


25 


150-500 


2-10 





. Bursting strength,© 1 mil 
thickness, Mullen points 


30-40 


20 





. Tearing strength,4 gm. 


10-700 





Tearing strength, ® lb. /in. 


110-490 





12. Folding endurance 





3, Water absorption,® 24 hr., percent 


Negligible 


Negligible 


Negligible 


———J 





. Water vapor permeability” 


0.35-2.0 





0.35-2.0 





. Permeability to gases, 
107° g./24 hr./m.?/mm. 
thick./cm. Hg at 21°C., 0% R.H. 


CO, 970 
oO, 150 
(50% R.H.) 


CO, 970 
Oo; 150 
(50% R.H.) 


+ 


Calendering, 
casting, 


0.0005-0.010 


Negligible 


0.01-0.03 








Resistance rating! 
Strong acids 








Strong alkalies 








Grease and oils 





Organic solvents 





Water 





High relative humidity 





Sunlight 





23. Resistance to heat,P °F. 





. Resistance to cold,P °F. 





25. Change in linear dimensions at 


100°C. for 30 min.,4 percent 


+4.2 to —9.5 


+4,.2 to -9.5 





Flammability 


Slow to self- 
extinguishing 





. Burning rate,? in. /sec. 


0. 2-1.7 





Slow to self- 
extinguishing 





Trade designations of films 
(see list of manufacturers on 
page 601 for key to numbers 
in parentheses) 


Rigid 


Amar (68,69) 
Bakelite (7) 
Col-O- Vin (18) 
Joda PVC (23) 
Nixon Vine-L (51) 
Reet (68,69) 
Resproid (66) 


Rucoam (71) 
Seilon (73) 
Soplasco (74) 
Tolon (75) 
Velon (33) 
Wopavin (81) 


Nonrigid 


Arar (68,69) 
Bakelite (7) 
Boltaflex (9) 
Breeth-ees (63) 
Clopane (17) 
Col-O-Vin (18) 
Coveray (17) 
Dorn (40) 
Fabray (17) 
Fabtex (17) 
Fashion (36) 
Ger-P ak (37) 
Hyben (6) 
Koroseal (38) 
Mono- Sol (48) 
Naugahyde (77) 
Pantex (53) 
Prestoflex (62) 
Randfilm (63) 


Reet (68,69) 
Resiloid (30) 
Resinite (10) 
Resproid (66) 
Reynolon (67) 
Rucoam (71) 
Soplasco (74) 
Spunglo w(68, 69) 
Syntilon (55) 
Tolon (75) 
Ultron (49) 
Velon (33) 
Vinyl film (39) 
Visten (78) 
Vitafilm (39) 
Vitalon (39) 
Vylene (30) 
Wataseal (42) 
Wop avin (81) 


Amar (68,69) 
Bakelite (7) 
Col-O- Vin (18) 
Joda PVC (23) 
Reet (68,69) 
Resproid (66) 
Seilon(73) 
Soplasco (74) 
Tolon (75) 
Velon (33) 
Vinylite (13) 
Wopavin (81) 


Arnar (68,69) 
Bakelite (7) 
Col-O-Vin (18) 
Condulon (55) 
Dorn (40) 
Fabray (17) 
Fabtex (17) 
Krene (7) 


P antex (53) 
Randfilm (63) 
Reet (68,69) 
Resproid (66) 
Revelry (75) 
Reynolon (67) 
Soplasco (74) 
Syntilon (55) 
Tolon (75) 
Vinylite (7) 
Vinylite (13) 
Wataseal (42) 
Wopavin (81) 





Manufacturers or processors 
of films (numbers refer to list 
on page 601) 





7, 13, 18, 23, 33,40, 
53,66, 68,69, 70, 
71,73, 74,75,79, 
81 





2,6, 7,9, 10, 13, 
17, 18,27, 28,3, 
33, 36, 37, 38, W, 
40,42, 48, 49,51, 
53, 55,62,63,66, 
67,68,69,71,72, 
74,75, 78,81 


7,13, 18, 23,33, 
40, 53, 66,68, 
69,70, 71,73, 


74,75,79,81 75,77,79,81 








150-200 (dry); 300 (wet) 


Slow burning to self-extinguishing 


TED Ce 


Nixon Vine-L (51) 


7, 13,17, 18,40,42, | 


51,53,55,63,66,67, 
68,69, 70,71,72, 74, 


CO, 12 |O, 0,9-5,9” 
O, 2.4 |CO, 3842.3” 
(50% R.H.)|N, 0.13164 

| Air 0. 21-26” 


Self-extinguishing 


P antex (53) 
Randfilm (63) 
Saran (26) 
Saran Wrap (26) 


~ 26,53,63,71,78 
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TYPE OF PLASTIC BASE 


REGENERATED 
CELLULOSE 
(CELLOPHANE) 


CELLULOSE 
ACETATE 


CELLULOSE 
TRIACETATE 


CELLULOSE 
ACETATE 
BUTYRATE 


CELLULOSE 
NITRATE 


ETHYL 
CELLULOSE 





Thickness range, in. 


Maximum width, in. 


5S. Area factor* 


6. Specific gravity 


- Tensile strength,” p.s.i. * 
Elongation,” percent 


Bursting strength,* 1 mil 
thickness, Mullen points 


Tearing strength,? gm. 
Tearing strength,® Ib. /in. 
Folding endurance! 


Water absorption, ® 
24 hr., percent 


Water vapor 
permeability” 


Permeability to gases, 
10~* g./24 hr. /m.?/mm. 
thick. /cm. Hg at 21°C,, 
0% R.H. 


Resistance rating’ 


Strong acids 
Strong alkalies 
Grease and oils 


Organic solvents 


Water 

High relative humidity 

Sunlight 
Resistance to heat,P °F. 
. Resistance to cold,P °F. 


. Change in linear dimensions 
at 100° C. for 30 min.,4 
percent 


Flammability 


. Burning rate," in. /sec. 


Trade designations of films 
(see list of manufacturers on 
page 601 for key to numbers 


in parentheses) 


29. Manufacturers or processors 


of films (numbers refer to 
list on page 601) 


Extrusion 
into bath 


= —— 


Sheets, rolls, 
ribbons 


0. 0009-0. 0017 
60 
17,900-19,800 
1,40-1.50 
4,400-18, 600 
15-45 


2-10 
110-515 


45-115 


1. 4-2. 7(NMP) 
0. 008-0. 03(MP) 


co, 3 
oO, <0.5 
N; <0.5 


E 
Moistureproof 
coating attacked 
M 
M 


G 


Good 


—-0.7 to —4,2 


Slow burning 


0.7-2.3 


Avisco cello- 
phane (4) 
duPont cello- 
phane (27) 
Olin cello- 
phane (52) 








Casting, 
extrusion 


Sheets, rolls, 


tapes 
0.0005-0.010 


40-60 


21,000-22,000 


1,28 - 1.43 
5,400-13,900 
25-45 


30-70 


= 


Casting 


Sheets, rolls 


oS 


160* 


CO, 12000-17500% 
O, 1700- 2500" 
N, 160 


+0.2 to —3.0 


Slow to self- 
extinguishing 
0, 3-2.2 


Cadco (11) 
Campco (12) 
Celanese (14) 
duP ont (27) 
Inceloid A (3) 
Joda C/A (23) 
Kodapak I (29) 
Lum arith (14) 
Midlon (46) 
Nixon C/A (51) 
Soplasco (74) 
Vuepak (49) 
Wopalon (8 1) 


3, 11, 12, 14, 23, 
27, 29, 35, 46, 
49, 51, 70, 72, 
74, 79, 81 


—--~-— -4 


Casting, 
extrusion 


23,600 


1,19-1,.22 


—-$ 


Block, 
casting, 
extrusion 


5 — 


Sheets, rolls 


0.0005-0.010 


}—____________-__4 


20,000 
1,42-1.46 


30-40 








EEE 
Slow burning 
= 


Celanese (14) 
Kodapak IV (29) 





0, 2-0.4 


i = 


4.5-6.5 





— 
r High 


+0.1 to —3.0 


Slow burning 





Cadco (11) 
Campco (12) 
Genco CAB (35) 
Joda C/ AB(23) 
Kodapak I (29) 
Midlon (46) 
Nixon CAB(51) 
Soplasco (74) 


11, 12, 23, 29, 
35, 46, 51, 72, 
74 





Inceloid N (3) 


Joda C/N (23) 
Nitron (49) 
Nixon C/N (51) 
Wopaloid (81) 


3, 23, 27, ®, 
51, 74, 81 





--+ 


+——- 


Casting 


EE 


Sheets, rolls, 
tapes 


0,.003-0,0 20 


6, 800-10, 600 


25-40 


50-85 


4.8-14.2)|™ 50" 


= 


Slow burning 


0. 3-0.6 
Campco (12) 
Ethocel (26) 
Inceloid E (3) 
Joda E/C (23) 
Nixon E/C (51 
Sopl asco (74) 


3, 12, 23, 26, 
46, 51, 74 
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POLYVINYL 
ALCOHOL 


POLYTETRA- 
FLUORO- 
ETHYLENE 


POL YCHLORO- 
TRIFLUORO- 
ETHYLENE 


POLYST 


YRENE 


ACRYLONITRILE- 


STYRENE 
COPOLYMER 


POLYAMIDE 
(NYLON) 


METHYL 
CELLULOSE 





Casting 


Block, 
casting, 
extrusion 


Casting, 
extrusion, 
molding 


Casting, 
extrusion 


Oriented 





Two-way 
stretch 
orientation 





Rolls, sheets, 
tapes 


—_——_—__—_—+} 


0.0005-0.010 


Sheets, tapes, 
tubing 


Tubing, rolls, 
sheets, tapes 


Rolls, sheets 


Rolls, sheets | 


Rolls 





Up to 0.010 


0.002-0.010 


0.0004 and up 


0.001-0.010 


0.001-0.010 


0,.0005-0.010 





54 


12 


40-54 


43 


43 





21,600 





12,800 





26, 100 


26, 100 


25,400 





1,21-1.31 
——————E 


4,500-9, 500 


2. 1-2.2 


1,500-4,000 


1,05-1.06 


1.05-1.06 


1.08-1.09 





7,100-12,100 


7,100-12, 100 


10,000-15,000 


Casting 


Rolls and sheet 


0.00 10.003 


EE 





180-600 


100-350 


3-40 


20-60 





42 (2 mil film) 





High 


200-350 


25 





785-890 


270-495 












































Eto P 


————— 


$——_______________ 


Eto P 





—4.6 to —37.4 








Slow burning 


Inceloid (3) 
Mono-Sol (48) 
Reynolon (67) 





Nonflammable 


Nonflammable 








Polypenco T 
(60,61) 

Scotch (47) 

Teflon (27) 


20, 22, 47, 60, 
61, 74, 76 





Fluorothene 
(generic)(7) 

Triplax (57) 

Trithene (78) 


Slow burning 


———$——______} 


a 
Cadco (11) 
Campco (12) 
Dielect A-9(25) 
Joda P/S (23) 
Midlon (46) 
Nixon P/S(51) 
Sopl asco (74) 


11, 12, 23, 25, 
26, 35, 46, 51, 
70, 72, 74, 79, 
80 


————I 


Slow burning 


aa 
Polyflex 100 
(57) 
Styroflex (50) 
Trycite (26) 


46, 50, 57, 74 








. 





Slow burning 
Poly flex 200 (57) 
Styron 60 (26) 





Self- 
extinguishing 


Cadco (11) 
Chemiseal(76) 
F airlon (16) 
Nylam (41) 
Plastex (54) 
Polypenco N 
(60, 61) 
Supronyl (60) 


11, 19, 41, 54, 
56, 60, 61, 74, 
76 


Excellent 


Slow Burning 


Methocel (26) 
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RUBBER VINYL- 

POLYETHYLENE POL YMETHYL 
POLYETHYLENE HY DRO- NITRILE 
TEREPHTHALATE | METHACRYLATE CHLORIDE RUBBER 


TYPE OF PLASTIC BASE 





1. Method of processing Casting, Extrusion, Calendering, Casting Casting, 


extrusion two-way stretch extrusion extrusion 


orientation 


2. Forms available Sheets, rolls, Rolls, Rolls, sheets, Rolls, sheets, Rolls, sheets, 


tapes sheets tapes, tubes tapes tapes, tubing 


3. Thickness range, in. 0.00025-0.0075 0.005-0.010 


-_— - 4 


0.0005-0.010 


0.0004-0. 0025 
4. Maximum width, in. 50-55 43 11. 5-41,5 


22,800-23, 700 


5. Area factor® 20,000 23,400 





6. Specific gravity 1.38-1.39 1, 18-1. 19 1, 18-1.21 


8, 200-8, 800 


7. Tensile strength,” p.s.i. 17,000-23, 700 


4 








8. Elongation,” percent 35-110 200-800 





9. Bursting strength, 1 mil 45-60 
thickness, Mullen points 


Stretches 


10-27 60-1,600 





10. Tearing strength,? gm. 





11, Tearing strength,® Ib. /in. 650-1,740 = 





12. Folding endurance! 20,000 250,000 








13. Water absorption,€ 24 hr., <0.5 5 


percent 


——EEw~ 


14. Water vapor permeability” 0.05-0. 15 (MP) 0.007-0, 23* 





15. Permeability to gases, CoO, <0.5 
10~* g. /24 hr. /m.?/mm. Oo, <0.5 
thick./cm. Hg at 21°C,, N; <0.5 
0% R.H. 


CO, 288-13,500¢ 
1O, 38-3, 250t 


Resistance rating! 
16, Strong acids 





17. Strong alkalies 


18. Grease and oils e MtoG 





19. Organic solvents G° (60°C.) 


20. Water : E 








21. High relative humidity J E 





22. Sunlight 


4 





23. Resistance to heat,P °F. 
24. Resistance to cold,P °F, ~-70 
vse J : : = 


25. Change in linear dimensions < +10.4 to —19.9 
at 100°C. for 30 min.,4 
percent 





————— $$ ————— 


Flammability Slow burning to Slow burning Slow burning Self- 
self-extinguishing 


Slow burning 
extinguishing 





Burning rate," in. /sec. - 0.1 - - - 








Trade designations of films Melinex (44) Methaflex (57) Amar (68,69) Nixon (51) Pliofilm (39) Randfilm (63) 
(see list of manufacturers on Mylar (27) BiSeal (8) Olin PE (52) Visten (78) 
page 601 for key to numbers CRC (13) Plicose (58) 

in parentheses) Cates (10 Poly film (31) 
Campco (12) Polyken (45) 
Cheslene TF (15) Polytex (53) 
Clopay (17) Poly thon (59) 
Durethene (28) Polytreat (3D 
Extrudo-Film(32) Prestolene(62) 
F airlon (16) Reet (68,69) 
Firestone (33) Relthene (64) 
Ger-P ak (37) Resinol (1) 

H & R (41) Reynolon (67) 
Jodapak (23) Shellene (19) 

K ath aron(68,69) Soplasco (74) 
Layflat (57) Spunglow 68,69) 
Midlon (46) Visqueen (78) 








29. Manufacturers or processors 57,70,74,79 1,5,8, 11,12, 13, 15, 16, 19, 21,23, 40 ,63,67,74,78 
of films (numbers refer to 24,27, 28,31, 32,33, 37,41,45,46, 
list on page 601) 52,53,56,57,58,59,62,64,67,68, 

69,70,72,74,77, 78, 79,80 
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LIST OF MANUFACTURERS AND PROCESSORS OF FILMS* 


Allied Resinous Products, Inc., 525 W. Adams St, 39. Goodyear Tire & Rubber Co., Akron 16, Ohio 
Conneaut, Ohio 40. Gordon-Lacey Chemical Products Co., Inc., Maspeth, 
. American Lucoflex, Inc., 500 5th Ave,, New York 36, 5. BY. 
N. Y. 41 H & R Industries, 344 E. Walnut St., Nazareth, Pa 
merican Products Mfg. Co., 8127 Oleander St, 42. Harte & Co., Inc, 16 E. 34th St., New York 16, N.Y. 
New Orleans 18, La. (0.5 to 3 mils) 43. Hyben Plastic Fabrics, Inc., 201 E. 146th St, 
American Viscose Corp., Film Div., 1617 Pennsyl- New York 51, N.Y. 
vania Blvd., Philadelphia 3, Pa 44. Imperial Chemical Industries Ldt., Milbank, London, 
Amos Packaging, Div. of Amos Thompson Corp., SW. 1, England 
Edinburg, Ind Kendall Co., 309 W. Jackson Blvd., Chicago 6, Ill. 
Associated Rubber and Plastic Corp., 2780 Park Ave., 46. Midwest Plastic Products Co., 1801 Chicago Road, 
New York 51, N.Y. Chicago Heights, Ill. 
7, Bakelite Co., Div. of Union Carbide Com., Minnesota Mining & Mfg, Co., 900 Fauquier Ave, 
30 E. 42nd St., New York 17, N.Y. St. Paul 6, Minn. 
Bishop Manufacturing Corp., 10 Canfield Rd, Mono-Sol Corp., 407 County Line Road, Gary, Ind. 
Cedar Grove, N. J. Monsanto Chemical Co., Plastics Div., Springfield 2, 
Rolta Products, Div. of The General Tire and Rubber Mass. 
Co., Lawrence, Mass. Natvar Corp., 211 Randolph Ave., Woodbridge, N. J. 
rhe Borden Chemical Co., Div. of The Borden Co., Nixon Nitration Works, Nixon, N. J. 
Resinite Dept., Santa Barbara, Calif. and No. ; Olin Mathieson Chemical Corp., Film Div., 655 
Andover, Mass Madison Ave., New York 21, N.Y. 
Cadillac Plastic and Chemical Co., 15111 Second Pantasote Co., 415 Madison Ave., New York 17, N.Y. 


Ave., Detroit 3, Mich. Plastex Process Co., 230 W. Passaic St., Maywood, 
ampco Div., Chicago Molded Products Com., 1020 N. N. J. 


Kolmar Ave., Chicago 51, IIL Plastic Film Corp., 475 Fifth Ave., New York 17, N.Y. 
anadian Resins & Chemicals Ltd, 600 Dorchester Plastic Horizons Inc., 2 E. 5th St., Paterson 1, N. J. 
St. W, Montreal 2, Que., Canada Plax Corp., P.O. Box 1019, Hartford, Conn. 
Celanese Corp. of America, 744 Broad St., Newark 5S, Plicose Mfg, Corp., 71-77 Box St., Brooklyn 22, N.Y. 
N. J. Poly Plastic Products, Inc., 2 4th Ave., Paterson 4, 
Chester Packaging Products Com., 684 Nepperhan N. J. 
Ave., Yonkers, N.Y. ’ ; Polymer Corp. of Penna, 2140 Fairmont Ave., 
hippewa Plastics, Inc., Chippewa Falls, Wis. Reading, Pa 
lopay Corp., Film Products Div., Clopay Sq, Polypenco, Inc., 2150 Fairmont Ave., Reading, Pa. 
Cincinnati 14, Ohio Presto Plastics Products Co., Inc, 11 E. 26th St, 
lumbus Coated Fabrics Corp., 7th and Grant Ave., New York 10, N.Y. 
Columbus 16, Ohio ‘ Rand Rubber Co., Summer Ave. & Halsey St, 
yntinental Can Co., Inc., Shellmar Betner, Div. Brooklyn 16, N.Y. 
Offices, Mt. Vernon, Ohio Reliance Plastic and Chemical Corp., 110 Keamey 
yntinental-Diamond Fibre Co., Newark, Del. St, Paterson 2, N. J. 
‘ontour Extrusion Co., 517 Fayette Ave., Resinite Dept., The Bordon Chemical Co. (see No. 
Mamaroneck, N.Y. 10, above) 
rane Packing Co., 6400 Oakton St., Morton Grove, Respro, Div. of The General Tire and Rubber Co., 
Ill. : : 530 Wellington Ave, Cranston 10, R.L 
Davis Plastics Co., Joseph, Schuyler & Quincy Ave., . Reynolds Metals Co., Plastics Div., P.O. Box 128, 
erfield Plastics Co., lnc., 271 Mala St, & D rors ha 
Deerfie’ astics Co., Inc., ain ° eer 
field, Mass, ee Inc., 1299 W. Broad St., Stratford, 
. Dielect Inc., Fords, N. J. : 

6. Dow Chemical Co., The, Midland, Mich, —- a gg Co., Inc., 350 Fifth Ave, 
ptt mg mg end Co., Inc., EL, Film Dept, Rotuba Extruders, Inc., 437 88th St., Brooklyn 9, N.Y. 
Durethene-Koppers Co., Inc., 7001 W. 60th St, a mt of America, New South Road, Hicksville, 

; : : »~L, N.Y. 

Chicago 38, Il. 5600 W. Arbor Vitee St., Scranton Plastic Laminating Corp., 3218 Pittston Ave., 
Los Angeles, Calif, Surentee, Pa 
astman Kodak Co., Rochester 4, N.Y. . * . . ° 
im Coated Fabrics Co., 261 Sth Ave., New York 16, aes Rubber Co., Plastics Div., Newcomerstown, 
N.Y. 


I xtruders, Inc, 3232 West El Segundo Blvd, Southern Plastics Co., 408 Pendleton St., Columbia, 
Hawthome, Calif. s.c. 


Extrudo-Film Corp., 36-35 36th Street, Long Island Textileather Div., The General Tire and Rubber Co., 


City 6, N.Y. 607 Madison Ave., Toledo 3, Ohio 
33, Firestone Plastics Co., Pottstown, Pa United States Gasket Co., Plastics Div. of The 
4. Garlock Packing Co., Palmyra, N. Y. Garlock Packing Co., 602 N. 10th St., Camden 1, 
ieneral Plastics Corp., 1400 N. Washington St, N.J 


Marion, Ind, United States Rubber Co., 1230 Avenue of the 
yeneral Tire & Rubber Co., Pennsylvania Div., Americas, New York 20, N. Y. 

Jeannette, Pa Visking Corp., Plastic Div., Terre Haute, Ind. 
ering Products Inc., N. 7th St. & Monroe Ave., Waljohn Plastics, 437 88th St., Brooklyn 9, N.Y. 

Kenilworth, N, J. Westlake Plastics Co., Lenni Mills, Pa 
0odrich Co., The B. F., Akron 18, Ohio Worbla Ltd, Papiermuhle- Berne, Switzerland 


1¢ values reported in this chart are only for films up to 0.01 in. in thickness. The information was obtained from various sources. 
sl grades of these materials may be obtained which excel in some particular property. Manufacturers should be consulted for addi- 
| or specific information or for new uses of their materials. 
juare in, per Ib. of film in 1 mil (0.001 in.) thickness. Figures may vary with resin plasticizer ratio. PaSTM D882, procedure B 
MD774 4Elmendorf test. Figures represent pull required to continue tear of 1 mil thick film after starting. Force required to start 
is too high to measure on same equipment and therefore is not normally determined. ©SPIFASTM D1004, static-weighing method. 
g 1 mil thick film and the Schopper Bending Endurance Tester, unless otherwise noted. €ASTM D570 ASTM D697; values are in 
8/24 hr./m.2/mm. thickness/cem. Hg at 25°C. ‘Code for rating: E = Excellent, G = Good, M = Moderate, F = Fair, P = Poor. 
ept aliphatic and petroleum hydrocarbons. “Except H2S04 and HNO3. lExcept NH,4OH,. ™Except ketones and esters. "Except 
rinated solvents, ketones, esters, and hot aromatic hydrocarbons. °Except hydrocarbons and chlorinated solvents. PTrhese compost 
s are the thermoplastic materials that gradually become softer as the temperature increases. The maximum and minimum service 
perature will depend on formula of material, design of part and service conditions such as amount of stressing, humidity, etc. Require- 
ts for resistance to heat and cold should be considered as special problems. Where a range of values is given in the chart, the low 
e is the limiting temperature for continuous exposure and the high value for intermittent exposure. FASTM D1204, Paragraph 4.10 in 
nercial Standard CS192-53. *Grams/24 hr./100 sq. in. at 100°F. and 90% relative humidity. ‘cc./24 hr./100 sq. in. at 25°C. and 0% 
ative humidity, “ec,/24 hr./100 sq. in./mil thickness/cm. Hg at 25°C. “Water vapor perm, in gm./100 sq. in.-mil thickness—24 hr.— 
sphere. “Perm, to gases in cc/100 sq. in.-mil thickness—24 hr.—atmosphere. *ASTM D570-42 in gm./sq. in./24 hr. on 0.001 butyrate, 
1 triacetate, and 0.010 acetate. Determined on 1 mil film. 
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RESISTANCE EFFECTIVENESSS OF 
RATINGS BOND WITH: 





TYPE OF PLASTIC BASE 


BONDING 
CLASSI- 
FICATION® 
SOLVENTS® 

Ceramics 


Textiles 





. Acrylate and methacrylate resins 
la, Ethyl acrylate E, K 


lb. n-Butyl methacrylate E, H, K 


lc, Isobutyl methacrylate E, H, K 
id. Ethyl methacrylate C1, E, H 


le. Methyl methacrylate Ci, E, H, K 


lf. Methyl cyanoacrylate M G Ld G 











Alkyd resins G MPM E 











Animal glue P EMG FIE P P M 


Adhesives Chart 








Asphalt 2. | M G GG 





- Blood 
5a. Blood albumin 


5b. Soluble dried blood 





eS 


. Casein CR, SR} W 








alazan 


- Cellulose derivatives | | 
7a. Cellulose acetate . F M G F E/|M P P P 





| 
| 
| 
| 


. Cellulose acetate butyrate SR, F A +H, Cl, E, H, K M 


. Cellulose nitrate SR E, K (+A, H) 


. Ethyl cellulose SR, F 


+ 


7e. Hydroxyethyl cellulose SR, F Ww 
7f. Methyl cellulose SR A 


7g. Sodium carboxymethyl cellulose SR Ww 


$$ $$$ —_____ 
. Coumarone-indene resins SR, F Cl, E, H, K, W 


Epoxy resins | None needed 


Furan resins (furfuryl alcohol or furfural-ketone) 








. Gum arabic 





Petroleum polymer resins Cl, E, H, HA, W 


. Isobutylene resins (polyisobutylene) H, HA 


[- 


*Code for bonding classification: SR = Solvent released (from solution or emulsion); F = Fused by heating; V = Vulcanized; 
R = Cured at room temperature (70-80°F.); M = Cured at moderate temperature (150-200°F.); H = Cured at elevated temperature 
(275-310°F.); CR = Chemically reacted. 
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TRADE DESIGNATIONS 


MANUFACTURERS OR SUPPLIERS 
OF RESINS OR ADHESIVES 


(See list on pp. 608-9 for key 
to numbers) 





12. Bondmaster (123), JC (21), Loxite (145), Midland (88), Miracle (90), Nebony (98), Neville 


13. API (S), Arcco (32), Bondmaster (123), Fuller (61), B. F. Goodrich (67), Loxite (145), Mid- 


. Alkydol (7), Fuller (61), G-E Glyptal (64), Midland (88), Miracle (90), Ohio (102), Paralac 


la. Acrigrip (4), Acryloid (121), CD Cement (40), Farrington (57), Lucite (52), Midland (88), 
Plastibond (69), Polybond (114), Rhoplex (121), Upaco (136) 

. Acrigrip (4), Acryloid (121), Arcco (32), Bondmaster (123), CD Cement (40), Cordo-Bond (45),] 
Dennis (48), Lucite (52), Midland (88), Placco (32), Polybond( 114), Polyco (32), Reslac 
(32), Rhoplex (121) 

. Acrigrip (4), Bondmaster (123), CD Cement (40), Lucite (52), Midland (88), Polybond 
(114), Upaco (136) 

Acrigrip (4), Acryloid (121), CD Cement (40), Fuller (61), Midland (88), Polybond (114), 
Rhoplex (121), Upaco (136) 

. Acrigrip (4), Acryloid (121), Arcco (32), Bedacryl (77), Bondmaster( 123), Bostik (24), CD 
Cement (40), Compo (44), Farrington (57), Fuller (61), Inceloid( 12), Lebec (82), Loxite( 146}, 
Lucite (52), Midland (88), Placco (32), Polybond (114), Polyco (32), Reslac(32), Rez-N- 
Bond (126), Rhoplex (121), Tygobond (139), Upaco (136) 


j 


2, 4, 19, 40, 52, 57, 58, 69, 78, 85, 88, 107, 
112, 114, 119a, 126, 129, 136 

2, 4, 19, 32, 40, 45, 48, 52, 58, 76, 88, 107, 
112, 114, 116, 123, 126, 145 


2, 4, 19, 40, 52, 58, 76, 88, 107, 112, 114, 
116, 123, 126, 136, 145 

2, 4, 19, 40, 58, 61, 76, 88, 107, 112, 114, 
116, 121, 126, 136, 145 

2, 4, 12, 19, 24, 32, 34, 40, 44, 52, 57, 58, 
61, 76, 77, 78, 82, 88, 107, 112, 114, 116, 
121, 123, 126, 129, 136, 139, 145, 146 





(77), Rubbagrip (122), Upaco (136) 





API (5), Fedroflex (58), Fuller (61), Hallmark (130), Hu-Flex (76), Impervo (95), Layton 
(103), Midland (88), Paisley (103), Polyboad (114), Stixo (61), Upaco (136) 


4, 7, 16, 19, 23, 34, 61, 64, 77, 88, 90, 102, 
119a, 122, 136 


5, 15, 18, 58, 61, 74, 76, 88, 95, 103, 112, 
114, 129, 130, 131, 136, bail 





API (5), Arcco (32), Atlastic (21), Bondmaster (123), Cascola (32), Flintkote (59), Fuller 
(61), Indu-Seaiz (97), Lebec (82), Midland (88), Miracle (90), Ohio (102), Placco (32), 
Residex (103), Resinex (71), Resins (32), Transphalt (104), 3 M (89) 


5a. 


Hallmark (130) 


Sb. A-M (11), Hallmark (130) 


71, 82, 
120a, 123 


4, 5, 12, 19, 21, 32, 59, 61, 
90, 97, 102, 103, 104, 


88, 89, 


18, 130, 132 


11, 18, 130 





. A-M (11), API (5), Bindtite (74), Casco (32), Erie (71), Fedco (58), Fuller (61), Hu-Case 


(76), Impervo (95), Lauxein (92), Lebec (82), Lotol (97), Midland (88), Miracle (90), 
National Casein (96), Paisley (103), Perfection (105), Permaweld (112), Plyacien (118), 
Polybond (114), Upaco (136) 





a. API (5), Arcco (32), Bondmaster (123), CD Cement (40), Farrington (57), Hercules CA 
(72), Midland (88), Miracle (90), Ohio (102), Placco (32), Plastibond (69), Plastigrip 
(4), Plastite (110), Polybond (114), Reslac (32), Resyn (95), Rez-N-Bond (126), Rubba- 
grip (122), Slomons (129), Tenite Acetate (54, 134), Upaco (136), Vinylgrip (4) 

». Cellugrip (4), CD Cement (40, Midland (88), Plastibond (69), Plastigrip (4), 
Rez-N-Bond (126), Tenite Butyrate (54, 134) 

. API (5), Arcco (32), Bond (30), Bondmaster (123), Bostik (24), CD Cement (40), Cello- 
weld (112), Cellument (103), Compo (44), Dennis (48), Duco (52), Farrington (57), 
Fuller (61), Herculoid (72), Inceloid (12), Jack The Giant Killer (129), Midland (88), 
Miracle (90), Ohio (102), Placco (32), Plastigrip (4), Plastite (110), Polybond (114), 
Reslac (32), Resyn (95), Upaco (136) 

7d. API (5), CD Cement (40), Cellugrip (4), Compo (44), Ethocel (50), Farrington (57), 
Fuller (61), Hercules EC (72), Inceloid (12), Midland (88), Plastibond (69), Plasti- 
grip (4), Polybond (114), Resyn (95), Rez-N-Bond (126), Spotseal (103) 

. Cellosize (135a), Midland (88), Polybond (114) 

. Bond (30), Midland (88), Paisley (103), Polybond (114) 





. Cellofas (77), Hercules CMC (72), Midland (88) 


Arcco (32), Bondmaster (123), Bunarex (104), Cumar (26), Fuller (61), Gripweld (4), 
Midland (88), Miracle (90), Nevindene (98), Nevillac (98), Neville (98), Nuba 
(98), Ohio (102), Paradene (98), Picco (104), Piccoumaron (104), Piccovar (104), 
Placco (32), Polybond (114), Reslac (32), Resyn (95), Rez-N-Bond (126), Upaco (136), 
Velsicol (142) 

Adgrip (4), Alfane (21), Alk-O-Flex (7), Amphe sive (21), Araldite (42), Aritemp(17), Bakelite 
(25), Bond (30), Bonding Agent (28), Bondmaster (123), BRC (29), Brushmaster (123), 
Carboline (36), Cardolite (79), CD Cement (40), Cellobond (33), Cepox (40), Chemo Tec 
(114), Cordo-Bond (45), Corrocote (39), Cycleweld (47), Duro-lok (95), Eccobond (55), 

Epibond (62), Epiphen (32), Epocast (62), Epolac (81), Epon (128), Epotuf (118), 
Epoxylite (56), B.F. Goodrich (67), Hysol (75), Lithgow (83), Loven (84), Marblette 
(86), Metalfil (3), Metlbond (94), Midland (88), Miracle (90), Multiplastics (93), Narmco 
(94), National Casein (96), Nepoxide (21), Nureco (101), Ohio (102), Paisley (103), 
Plymaster (123), Polyox (118), Poly-Preg (111), Polytool (118), Pylene (114), Ren 
(119), Resiweld (61), Sealweld (88a), Stabond (9), Styrobond (94), Styroseal (94), 
Tygofil (139), Tygoweld (139), Tylene (134), 3 M (89) 


4, 5, 11, 15, 32, 58, 60, 61, 71, 74, 82, 
85, 88, 90, 92, 95, 96, 102, 103, 105, 
112, 114, 118, 129, 131, 132, 136 


4, 5, 14, 23, 32, 40, 52, 54, 57, 69, 72 
90, 92, 95, 102, 107, 110, 112, 114, 
116, 117, 119a, 122, 123, 126, 129, 


, 88, 

136 

4, 32, 40, 54, 61, 

117, 119a, 126, 136, 144 

4, 5, 12, 14, 15, 24, 30, 32, 40, 44, 48, 52, 
57, 61, 72, 76, 85, 88, 90, 92, 95, 102, 
103, 107, 110, 112, 114, 116, 117, 119a, 
123, 126, 129, 136 


69, 88, 107, 112, 116, 


4, 5, 12, 14, 15, 32, 40, 44, 50, 57, 61, 69, 
72, 76, 88, 95, 103, 107, 112, 114, 116, 
117, 119a, 126, 129, 131, 136, 144 

88, 107, 112, 114, 119a, 1358, 136 

4, 15, 30, 50, 67, 88, 103, 107, 112, 114, 
119a, 129, 131, 136 

4, 34, 52, 72, 77, 88 


p+ — 


4, 14, 15, 26, 32, 33, 61, 71, 76, 88, 90, 
95, 98, 102, 104, 107, 112, 114, 119a, 
123, 126, 136, 142 


3, 4, 7, 9, 14, 17, 19, 20, 21, 23, 25, 28, 
29, 30, 32, 33, 36, 39, 40, 42, 47, 55, 
56, 57, 58, 61, 62, 67, 75, 76, 79, 81, 
83, 84, 85, 86, 88, 88a, 89, 90, 93, 94, 
95, 96, 101, 102, 103, 107, 111, 112, 114, 
118, 119, 119a, 123, 128, 129, 134, 139, 
144 





Alkaloy (21), Alkor (21), Atlas (21), Carboline (36), Corrocote (39), Duralon (139), Durez 
(53), Fura-Tone (79), Furnane (21), Helix (28), Loven (84), Plenco (109), Resin X (62), 
Synvar (133), Varcum (141) 





Fedrogum (58), Fuller (61), Hallmark (130), Midland (88), Polybond (114), Solubic (103), 
Upaco (136) — 


21, 28, 36, 39, 53, 62, 79, 84, 85, 96, 109, 
133, 139, 141 


46, 58, , 61, 88, 95, 99, 103, 114, 129, 130, 
"31, 136 





(98), Ohio (102), Panarez (13),Piccopale (104), Polybond (114), Resyn (95), Velsicol (142) 


13, 21, 32, 71, 76, 88, 90, 95, 98, 
107, 112, 114, 1198, 123, 129, 


102, 104, 
142, 144, 145 





land (88), Oppanol B (24a, 100), Placco (32), Pliastic(103), Polybond (114), Reslac (32), 
Resyn (95), Upaco (136) 





5, 14, 15, 32, 52, 61, 67, 76, 88, 89, 95, 100, 
103; 112, 114, 116, 119, 123, 136, 144, 
145 





© Code for solvents: A = 
hydrocarbons; K = 
© Code for rating: E = 


Alcohols; Cl = 
Ketones; W = 


Chlorinated hydrocarbons; E = 
Water (solution or emulsion). 
Excellent; G = Good; M = Moderate; F = 


Fair; P = Poor. 


ADHESIVES CHART 


Fatty acid esters; H = 


Aromatic hydrocarbons; HA = Aliphatic 








TYPE OF PLASTIC BASE 


BONDING 
CLASSI- 


—E 


RESISTANCE 
ATS 


EFFECTIVENESS< OF 
BOND WITH: 





Solvents 


Metals 
Textiles 
Ceramics 





Isocyanate resins (polyurethanes) 


Melamine resins 
15a, Melamine-formaldehyde 
1Sb. Melamine-urea-formaldehyde 


. Oleo-r esins 


Phenolic resins 
17a. Phenol-formaldehyde 


Phenolic-elastomer 


17c. 
17d. 


Phenolic-epoxy 
Phenolic-polyamide 


17e. Phenolic-vinyl acetals 


Polyamide resins 
18a. Polyamides 


18b. Polyamide-epoxy 


Polyester resins 
19a. Polyesters (unsaturated) 


19b. Polyester-elastomer 


—Polyisobutylene (see Isobutylene resins) _ 


—Polyethylene oxide 


x 


= | FICATION® 


=| so_vents® 


™ 


m 

m™ | Rubber 
tm | Glass 
m | Leather 
fea) 





None needed 


Alcohols > C, 


None or A+K 


—___—__ 
A, E, H, K 


None needed 











W, few Cl 





20. Resorcinol resins 


20a. Resorcinol-formaldehyde 


20b. 
20c. 


Resorcinol-furfural 
Resorc inol-phenol-formaldehyde 


20d. Resorcinol-polyamide 
20e. Resorcinol-urea 
Rubbers 


21a. Natural rubber 


21b. Reclaimed rubber 


21c. 


Chlorinated rubber 


21d. Cyclized rubber 


SR, 





F 





alien 


Cl, H 





E F F MM 


vv’ 
mmo 
ic) 


tm 
am mo 
feo} 


i} 
| 





Qa 
Qa 
ia) 


on) 
m 


E F M E P P EE P 








"Code for bonding classification: 


(275-310°F.); CR Chemically reacted. 


604 


SR = Solvent released (from solution or emulsion); 
R = Cured at room temperature (70-80°F.); M = Cured at moderate temperature (150-200 °F. ); H = 


F = 


V = Vulcanized; 
temperature 


Fused by heating; 
Cured at elevated 


MODERN PLASTICS ENCYCLOPEDIA ISSUE 








MANUFACTURERS OR SUPPLIERS 
TRADE DESIGNATIONS OF RESINS OR ADHESIVES 


(See list on pp. 608-9 for key 
to numbers) 





14. Adlok (4), Bondmaster (123), Cyfoam (21), Epolac (81), Flexweld (135), B.F. Goodrich (67), 4, 19, 21, 24, 32, 33, 34, 67, 77, 81, 84, 
Loven (84), Mondur (91), Mondur/Multron (91), Multranil (91), Polylite (118), Polyweld 85, 91, 112, 118, 1194, 123, 135 
(4), Uresive (21), Vulcabond (9) 





iSa. Cymel (8), Diaron (118), Lauxite (92) 8, 33, 57, 85, 92, 105, 118, 119a 
1Sb. Cellobond (33), Lauxite (92), Melurac (8), Uformite (121) 8, 33, 92, 96, 105, 119a, 121 


is. Bondmaster (123), Lithgow (83), Midland (88), Miracle (90), Ohio (102), Paisley (103), 19, 58, 59, 61, 83, 88, 89, 90, 102, 103, 
3» (89) 119a, 123 








. Acme (1), Amberlite (121), Amres (11), Bakelite (25), Bedesol (77), Bondmaster (123), 1, 4, 11, 14, 19, 21, 25, 26, 32, 33, 34, 37, 
Cascophen (32), Catalin (37), Cellobond (33), Durez (53), Durite (32), Forasite (118), 53, 57, 61, 64, 67, 73, 77, 82, 83, 84, 
Fuller (61), B.F. Goodrich (67), Heresite (73), Korez (21), Lauxite (92), Lebec (82), 85, 86, 87, 88, 89, 92, 96, 103, 105, 
Loven (84), Marblette (86), Marbon (87), Midland (88), National Casein (96), Nobellac 109, 112, 118, 119a, 121, 122, 123, 125, 
(118), Paisley (103), Plaskon (26), Plasticweld (83), Plenco (109), Plyophen (118), 132, 133, 136, 141 
Rubbagrip (122), Schenectady (125), Stixgrip (4), Synco (132), Synvarite (133), Tego 
(121), Tybon (11), Upaco (136), Varcum (141), 3M (89) 

. Acme (1), Bondmaster (123), Bostik (24), BRC (29), Compo (44), Corrocote (39), Cycle- 4, 9, 14, 19, 24, 29, 32, 39, 42, 44, 47, 
weld (47), Dennis (48), Durite (32), FM (29), Fuller (61), Glu-Ply (76), Lauxite (92), 48, 67, 68, 76, 81, 82, 87, 89, 92, 94, 
Loxite (145), Metibond (94), Midland (88), Narmtape (94), Permabond (112), Plastilock 95, 107, 111, 112, 114, 119a, 122, 123, 
(67), Pliobond (68), Pliobond HT (68), Pliogrip (68), Pliotac (68), Plymaster (123), 132, 133, 136, 145 
Polybond (114), Redux (42), Resyn (95), RS (87), Rubbagrip (122), Stabond (9), Stix- 
grip (4), Upaco (136), 3 M (89) 

7c. Acme (1), Adiok (4), Aerobond (3), BRC (29), Lebec (82), Metlbond (94), Midland (88), 3, 4, 9, 19, 29, 82, 88, 94, 109, 118, 
Plenco (109), Plyophen (118), Stabond (9), Tygoweld (139) 139 
Acme (1), Alk-O-Flex (7), Bondmaster (123), Cycleweld (47), Lithgow (83), Metlbond 7, 32, 47, 76, 83, 88, 94, 107, 112, 
(94), Midland (88), Schenectady (125) 119a, 123, 125 

s, Acme (1), Arcco (32), Bondmaster (123), Bostik (24), BRC (29), Compo (44), Cycle- 4, 6, 14, 19, 24, 29, 32, 44, 47, 67, 88, 
weld (47), B.F. Goodrich (67), Midland (88), Placco (32), Plycozite (137), Polyco 107, 112, 119a, 123, 125, 132, 137 
(32), Redux (6), Reslac (32), Schenectady (125), Synco (132) 





a. Adlok (4), Arcco (32), BCI (27), Bondmaster (123), CD Cement (40), Corrocote (39), 19, 24, 27, 32, 39, 40, 61, 66, 69, 76, 
Epolac (81), Fuller (61), Midland (88), Miracle (90), Nylaweld (113, 115), Ohio (102), 81, 85, 88, 90, 95, 102, 103, 107, 113, 
Paisley (103), Placco (32), Plastibond (69), Polybond (114), Reslac (32), Resyn (95), 114, 115, 116, 119a, 123, 136 
Upaco (136), Versamid (66) 

. Adlok (4), Aerobond (3), Arcco (32), Bondma ster (123), CD Cement (40), Corrocote (39), 4, 9, 14, 19, 30, 32, 39, 40, 48, 55, 61, 
Duro-lok (95), Eccobond (55), Epolac (81), Hysol (75), Metalfil (3), Midland (88), 66, 69, 75, 76, 81, 88, 89, 90, 94, 95, 
Miracle (90), Narmco (94), Nureco (101), Ohio (102), Placco (32), Plastibond (69), 101, 102, 114, 1194, 123, 134 
Polybond (114), Resiweld (61), Reslac (32), Stabond (9), Tylene (134) 





= 

19. 19a, Bonding Agent (28), Bondmaster (123), Cellobond (33), Daltolac (77), Gripweld (4), Loven = oy - 52, 58, 77, 84, 93, 
(84), Multiplastics (93), Nureco(101), Palatal P (24a), Polylite (118) 21.22. 24a, 26, 32, 34, 36, 38, 77 

19b. Ampreg (21), Atlac (22), Carboline (36), Gripweld (4), Hexaplas (77), Marco Resin (38), 108 118 119a,. 121 133 sili ilies 
Paraplex(121), Plaskon (26), Plastaloy (21), Polylite (118), Selectron (108), Synvar-V (133) P : : ° 


—Polyox (135a) 135a 








“* 20a. Amberlite (121), Amres (111),B0stik (24), Cascophen (32), Catalin (37), CD Cement 11, 14, 24, 32, 33, 37, 40, 53, 67, 80, 85, 
(40), Cellobond (33), Cordo-Bond (45), Durez (53), Durite (32), B.F. Goodrich (67), 88, 92, 96, 97, 103, 105, 112, 118, 119a, 
Lauxite (92), Lotol (97), Loxite (145), Midland (88), Nationel Casein (96), Paisley 121, 125, 132, 133, 145 
(103), Penacolite (80), Plyphen (118), Resinox (92), Resorsabond (11), Rezoform (112), 
Schenectady (125), Synco (132), Synvaren (133) 

Durite (32) 32, 132 

. Amres (11), Bakelite (25), Cascophen (32), Catalin (37), Durez (53), Lauxite (92), 4, 11, 14, 25, 32, 33, 37, 53, 80, 92, 96, 
National Casein (96), Penacolite (80), Plyophen (118), Resinox (92), Resorsabond 105, 112, 118, 119@, 132, 133, 137 
(11), Synvarite (133) 80, 119a, 123 
Bondmaster (123), Penacolite (80) 26, 32, 105, 119a, 121, 132, 133 
Casco-Resin (32), National Casein (96), Plaskon (26), Synvarol (133), Uformite (121) 


la, Adco (4), Adrub (4), Anodex (67), API (5), Arcco (32), Baytex (135), Bond (30), Bond- 4, 5, 9, 12, 14, 15, 19, 24, 29, 30, 32, 44, 
master (123), Bondrite (135), Bostik (24), BRC (29), Brushmaster (123), Casco (32), 48, 49, 57, 58, 61, 65, 67, 71, 76, 81, 82, 
Compo (44), Dab-it (129), Darex (49), Dennis (48), Farrington (57), Fedco (58), Fedro- 85, 87, 88, 89, 90, 95, 96, 97, 102, 103, 
bond (58), Fuller (61), B.F. Goodrich (67), Inceloid (12), Laco (81), Lebec (82), Lotol 110, 112, 114, 119a,122, 123, 124, 129, 
(97), Loxite (145), Midland (88), Miracle (90), Ohio (102), Permaweld (112), Placco 135, 136, 144, 145 
(32), Plastite (110), Pliastic (103), Pliotex (88), Polybond (114), Reslac (32), Resyn (95), 
Rubbagrip (122), Rubbatex (122), Stabond (9), Thixon(71), Treadmaster (123), Triple (14), 
Typly (87), U-Glu(129), Upaco (136), Vultex(65), 3 M (89), No. 9 Rubber Patching (129) 

- Adflex (4), Arcco (32), Bondmaster (123), Bostik (24), BRC (29), Casco (32), Cycle- 4, 14, 19, 24, 29, 32, 47, 61, 67, 71, 88, 89, 
weld (47), Dispersite (97), Fuller (61), Indu-Sealz (97), Iron Bound (129), Loxite 90, 95, 97, 102, 103, 110, 112, 114, 1194, 

(145), Midland (88), Miracle (90), Ohio (102), Permaweld (112), Placco (32), Plastikon 122, 123, 129, 131, 136, 138, 145 

(67), Plastite (110), Pliastic (103), Pliotex (88), Polybond (114), Reslac (32), Resyn 

(95), Rubbatex (122), Thixon (71), Upaco (136), 3 M (89) 

Adweld (4), Alloprene (77), Arcco (32), Bondmaster (123), Bostik (24), BRC (29), Carbo- 4,9, 14, 19, 21, 24, 29, 32, 34, 36, 40, 58, 

line (36), CD Cement (40), Laco (81), Loven (84), Loxite (145), Midland (88), Miracle (90), 67, 72, 76, 77, 81, 84, 88, 90, 102, 103, 

Ohio (102), Parlon (72), Permaweld (112), Placco (32), Plastilock (67), Plastite 107, 110, 111, 112, 114, 116, 119a, 122, 

(110), Pliastic (103), Polybond (114), Reslac (32), Rubbagrip (122), Stabond (9), 123, 135, 136, 145 

Texkote (111), Typly (87), Upaco (136), Zerok (21) 

Alpex (7), Bondmaster (123), Bostik (24), Fuller (61), Permaweld (112), Pliastic 4, 7, 14, 24, 32, 61, 67, 103, 107, 112, 114, 

(103), Polybond (114), Typly (87), Vulcalock (67) | 1%, 119a, 123, 135, 136 














1d. 





ode for solvents: A= Alcohols; Cl = Chlorinated hydrocarbons; E = Fatty acid esters; H = Aromatic hydrocarbons; 
rocarbons; K = Ketones; W = Water (solution or emulsion). 


ode for rating: E = Excellent; G= Good; M = Moderate; F = Fair; P = Poor. 


HA = Aliphatic 


ADHESIVES CHART 








RESISTANCE EFFECTIVENESS*S OF 
RATINGS BOND WITH: 


| 
| 





TYPE OF PLASTIC BASE 


BONDING 
™| CLASSI- 
SOLVENTS” 


FICATION® 
Solvents 





> 
20 | Leather 
mm! Textiles 


© © | Water 
©0© | Heat 
=O |Cold 
© | Metals 
©© | Rubber 
00 |Glass 


Butadiene-acrylonitrile rubber 


eye 
zz 


yn 
<8 
onc) 


aia 


Butadiene-styrené rubber Cl, H, HA, K, W 


Butyl rubber 


Neoprene rubber (polychloroprene) Cl, E, H, HA, K, W 
Cl, E, H, K 


21i. Polysulfides (Thiokol) 


21j. Polysulfide-epoxy 
. Shellac 

Silicone polymers 

23a. Silicone resins 

23b. Silicone rubbers 


. Sodium silicate 




















. Soybean glue 





Starch and dextrin 





. Styrene resins (polystyrene) cl, E, H, K, W 





Terpene resins 








. Urea resins 
29a. Urea-formaldehyde 


29b. Urea-formaldehyde-furfury! alcohol 
—Urethanes (see Isocyanate resins) 








30. Vinyl resins 
30a. Vinyl acetal E, H 


30b. Vinyl acetate or vinyl alcohol-acetate s Cl, E, H, K, W 


30c. Vinyl acetate copolymer Cl, E, H, K, WA 


30d. Vinyl alcohol 


G 
E 


E 


G Fr F 
E |G 


We. Vinyl alkyl ether SR, F A, F 
F G E 


1, E, H, K, W 
30f. Vinyl methyl ether-maleic anhydride copolymer SR, F, CR| A, ” 


° GPF G G G 
» K, PPG G E E 


Cc 
E. 














= i. _ 

“Code for bonding classification: SR = Solvent released (from solution or emulsion); F = Fused by heating; V = Vulcanized, 

R = Cured at room temperature (70-80°F.); M = Cured at moderate temperature (150-200°F.); H = Cured at elevated temperatur 
(275-310°F.); CR = Chemically reacted. 





MODERN PLASTICS ENCYCLOPEDIA ISSUE 





ADHESIVES CHART SUS 





MANUFACTURERS OR SUPPLIERS 
TRADE DESIGNATIONS OF RESINS OR ADHESIVES 
(See list on pp. 608—9 for key 

to numbers) 





. Adweld (4), Anodex (67), API (5), Arcco (32), Bond (30), Bondmaster (123), Bostik (24), 5, 9, 14, 19, 24, 29, 30, 32, 36, 44, 52, 
BRC (29), Brushmaster (123), Butakon (77), Carboline (36), Compo (44), Fedco (58), 58, 61, 65, 67, 68, 69, 71, 76, 77, 81, 
Fuller (61), Gripweld (4), Laco (81), Loxite (145), Marbon (87), Metlbond (94), Midland (88), 87, 88, 89, 90, 94, 95, 96, 97, 102, 103, 
Miracle (90), Narmtape (94), Nitrex (97), Ohio (102), Permaweld (112), Placco (32), 107, 110, 112, 114, 116, 119a, 122, 123, 
Plastibond (69), Plastilock (67), Plastite (110), Pliastic (103), Pliobond (68), Pliogrip 124, 126, 135, 136, 138, 139, 144, 145 
(68), Polybond (114), Polyco (32), Reslac (32), Resyn (95), Rez-N-Bond (126), Rubbagrip 
(122), Stabond (9), Thixon (71), Tweezle (30), Tygobond (139), Tygoweld (139), Typly 
(87), Ubabond (135), Upaco (136), 3 M (89) 

21f Adprene (4), Anodox (67), API (5), Arcco (32), Baytex (135), Bondmaster (123), Bostik (24), 
BRC (29), Butakon (77), Casco (32), Cycleweld (47), Darex (49), Farrington (57), Fedco 
(58), Fedrobond (58), Fuller (61), B.F. Goodrich (67), Kralac (97), Kralastic (97), Laco 
(81), Loxite (145), Midland (88), Miracle (90), Naugapol (97), Naugatex (97), Ohio (102), 
Permaweld (112), Placco (32), Plastite (110), Pliastic (103), Pliogrip (68), Pliotex (88), 
Polybond (114), Polyco (32), Reslac (32), Resyn (95), Rubbatex (122), Typly (87), Ubapol 
(135), Upaco (136), Zerok (21), 3 M (89) 

ig. API (5), Arcco (32), Bondmaster (123), Bostik (24), BRC (29), Dispersite (97), Fuller 
(61), B.F. Goodrich (67), Gripweld (4), Inceloid (12), Laco (81), Lebec (82), Loxite (145), 76, 81, 82, 88, 89, 90, 95, 97, 102, 
Midland (88), Miracle (90), Ohio (102), Permaweld (112), Placco (32), Plastite (110), 103, 107, 110, 112, 114, 116, 119a, 123, 
Pliastic (103), Polybond (114), Reslac (32), Resyn (95), Thixon (71), Typly (87), Upaco 136, 138, 145 
(136), 3 M (89) 

ih. Adweld (4), Ampkote (21), Anodex (67), API (5), Arcco (32), Baytex (135), Bondmaster 
(123), Bostik (24), BRC (29), Carboline (36), Casco (32), Compo (44), Cycleweld (47), 
Darex (49), Dennis (48), Elprene (21), Fairprene (52), Fedco (58), Fedrobond (58), For- 
mica Fast Dri Contact Bond (60), Formica Contact Bond (60), Fuller (61), B.F. Goodrich 
(67), Gripweld (4), Laco (81), Lebec (82), Lotol (97), Loxite (145), Midland (88), Miracle 
(90), Neelium (21), Neobon (21), Nu-Rub (4), Ohio (102), Permaweld (112), Placco (32), 
Plastite (110), Pliastic (103), Pliobond (68), Pliotex (88), Polybond (114), Reslac (32), 
Resyn (95), Rubbagrip (122), Stabond (9), Stix (4), Stixgrip (4), Thixon (71), Typly (87), 
Ubagrip (135), Upaco (136), U-Sement (138), 3 M (89) 

)1i. Bondmaster (123), Casco (32), Loven (84), Permaweld (112), Polybond (114), Thioment 19, 21, 24, 32, 84, 89, 112, 114, 123 
(21), 3 M (89) 


21j. Aerobond (3), Che motec (114), Polycast (114) 3, 19, 89, 114 
14, 114, 136, 146 


5, 14, 19, 21, 24, 29, 30, 32, 47, 49, 
57, 58, 61, 65, 67, 68, 76, 77, 81, 88, 
89, 90, 95, 97, 102, 103, 107, 110, 112, 
114, 116, 119a, 122, 123, 124, 131, 135, 
136, 138, 144, 145 


5, 12, 14, 19, 24, 29, 32, 61, 67, 71, 


5, 9, 14, 15, 19, 21, 24, 29, 32, 36, 44, 
47, 48, 49, 52, 58, 60, 61, 65, 67, 68, 
71, 76, 81, 82, 88, 89, 90, 95, 97, 102, 
103, 107, 110, 112, 114, 119a, 122, 123, 
124, 129, 135, 136, 138, 145 








23a. Dow Corning (51), Plastite (110), Union Carbide (128a) 51, 64, 85, 110, 128a 
_ 2 3b. Dow Corning (51), Polybond (114), Union Carbide (128a) 51, 64, 107, 114, 128a 
24 API (5), Loven (84), Midl end (88), Paisley (103), Polybond (114), Stixso (106), Vitrex (21) 4,5,21,52,58, 765,84,88, 103, 106, 114,129 


25. A-M (11), API (5), Casco (32), Lauxein (92), Paisley (103), Plyacien (118) Polybond (114), 5, 11, 16, 32, 92, 103, 114, 118, 136 
Upaco (136) 











2%. Adex (58), API (5), Argo Polyose (46), Bent-Tite (105), Cascola (32) , Corox (105), Fedex 4, 


5, 15, 16, 19, 24, 32, 46, 58, 61, 76, 
85, 88, 95, 103, 105, 114, 129, 130, 
131, 136, 144 


12, 14, 15, 21, 24, 25, 30, 32, 37, 40, 


(58), Fuller (61), Hallmark (130), Midland (88), Polybond (114), Residex (103), 
Spee dyset (144), Upaco (136), No. 3748 (129) 


27. Ampcolite (21), Arcco (32), Bakelite (25), Bond (30), Bondmaster (123), Catalin (37), CD 
Cement (40), Farrington (57), Fuller (61), Inceloid (12), Koppers (80), Midland(88), 50, 57, 58, 61, 71, 76, 80, 85, 88, 89, 
Piccolastic (104), Placco (32), Polybond (114), Polyco (32), Reslac (32), Rez-N-Bond 92, 104, 112, 114, 116, 117, 119a, 122, 
(126), Rez-N-Glue (126), Rubbagrip (122), Styfil (4), Styrogrip (4), Ubatol (135), 123, 126, 135, 136 
Upaco (136), 3 M (89) 


28. API (5), Arcco (32), Bondmaster (123), Dispersite (97), Loxite (145), Midland (88), Piccolyte 32, 33, 71, 76, 88, 97, 104, 107, 114, 
(104), Placco (32), Polybond (114), Reslac (32), Schenectady (125) 119a, 123, 125, 145 











st) 


20a.Amres (11), Bakelite (25), Cascamite (32), Casco-Resin (32), Catalin (37), Cellobond 
(33), Foramine (118), Formica Urac 185 (60), Formica Urea (60), Fuller (61), Ful-O-Mite 61, 74, 77, 82, 84, 88, 92, 96, 103, 
61), Griptite (4), Holdbest (74), Kaurit (24a), Lauxite (92), Lebec (82), Loven (84), 105, 112, 114, 118, 119, 121, 130, 
Midland (88), National Casein (96), Paralac (77), Permaweld (112), Plaskon (26), 132, 133, 136, 137 
Plyamine (118), Polybond (114), Residex (103), Synco (132), Synvarol (133), Uformite 
(121), Urac (8), Uraform (112), Urecoll (24a), Weldwood (137) 

1b. Casco-Resin (32), National Casein (96), Plaskon (26), Plyamine (118), Urac (8) 26, 32, 33, 96, 118, 132 


ann SS 
y 


8, 11, 24a, 25, 26, 32, 33, 34, 37, 60, 





1. Alvar (127), Bakelite (25), Bondmaster (123), Bostik (24), BRC (29), Compo (44), Fedco 14, 19, 24, 25, 29, 44, 58, 67, 69, 88, 
(58), Midland (88), Plastibond (69), Plymaster (123), Polybond (114), Resgrip (4), 92, 97, 107, 112, 114, 1194, 123, 126, 
Upaco (136), U-Sement (138), Vinylgrip (4) 127, 136 

b. Acetex (97), Alk-o-mer (7), API (5), Arcco (32), Bakelite (25), Bond (30), Bondmaster 4, 5, 7, 10, 12, 14, 15, 18, 19, 23, 24, 
(123), Bostik (24), Cascorez (32), CD Cement (40), Cellobond (33), Compo (44), Darex 25, 28, 30, 32, 33, 40, 43, 44, 48, 49, 
(49), Dennis (48), Elvacet (52), Fedco (58), Federez (58), Fuller (61), Gelva (127), B.F. 52, 57, 58, 61, 67, 69, 70, 74, 76, 83, 
Goodrich (67), Griffin (70), Hallmark (130), Helix (28), Hewhold (74), Hu-Rez (76), 85, 88, 89, 90, 92, 95, 96, 97, 102, 
Inceloid (12), Kotol (97), Kwik-Klamp (95), Lauxite (92), Lemac (32), Metalgrip (4), 103, 105, 107, 110, 111, 112, 114, 116, 
Midland (88), Miracle (90), National Casein (96), Ohio (102), Placco (32), Plastibond (69), 117, 118, 119a, 120, 122, 123, 126, 
Plasticweld (83), Plastigrip (4), Plastite (110), Pliastic (103), Plyamul (118), Polybond 127, 129, 130, 131, 132, 136, 138, 144 
114), Polyco (32), Resgrip (4), Resiwood (61), Reslac (32, Resyn (95), Rez-N-Glue 
(126), Rubbagrip (122), Sobo (129), Speedbond (92), Syn-tite (88), Synvac (132), Upaco 
(136) U-Sement (138),, VC (126), Velverette (129), Vinac (43), Vinrez (130), Vinylgrip 
(4), Vinymul (103) 

. API (5), Arcco (32), Bondmaster (123), Elvacet (52), Fedco (58), Flexbond (43), Fuller S, 19, 24, 30, 32, 43, 52, 58, 61, 67, 
(61), B.F. Goodrich (67), Lemac (32), Midland (88), Paisley (103), Placco (32), Plastibond 69, 76, 88, 95, 103, 114, 116, 117, 1198, 
(69), Polybond (114), Polyco (32), Resgrip (4), Reslac (32), Resyn (95), Slomons S-4 123, 126, 129, 130, 136 
(129), Upaco (136), Vinac (43), Vinrez (130), VC (126), Vinylgrip (4) 

- API (5), Darex (49), Elvanol (52), Fedco (58), Fedcol (58), Fuller (61), Gelvatol (127), 5, 15, 19, 32, 43, 49, 52, 58, 61, 67, 
B.F. Goodrich (67), Hallmark (130), Lemol (32), Midland (88) Pliastic (103) Polybond 76, 88, 95, 103, 107, 112, 114, 1198, 
(114), Resgrip (4), Resiflex (61), Resyn (95), Syn-tite (88), Upaco (136), Vinol (43), 127, 129, 130, 131, 136, 144 
Vinylgrip (4) 

. Bakelite (25), Bondmaster (123), Lutonal (24a), Oppanol C (24a), Polybond (114), 4, 14, 19, 24a, 25, 63, 95, 114, 1198, 123, 
Prestix (4), PVM (63), Resyn (95), Upaco (136) 136, 144 

!. PVM/MA (63) 63 


— 








Code for solvents: A = Alcohols; Cl = Chlorinated hydrocarbons; E = Fatty acid esters; H = Aromatic hydrocarbons; HA = Aliphatic 
ydrocarbons; K = Ketones; W = Water (solution or emulsion). 
“Code for rating: E = Excellent; G = Good; M = Moderate; F = Fair; P = Poor. 


ADHESIVES CHART 








RESISTANCE EFFECTIVENESS* OF 
RATINGS BOND WITH: 


— 


TYPE OF PLASTIC BASE 


BONDING 
CLASSI- 
FICATION? 
SOLVENTS? 
Metals 
Leather 





=z |Solvents 
© | Rubber 


| 


Vinyl chloride 


ic] 
™ 





Vinyl butyral 


Vinyl chloride-acetate copolymer 


Vinyl pyrrolidone 
Vinylidene chloride copolymer 


31. Waxes, modified 


32. Zein CR, H| A, W } F 
SR A, W G F G 





*Code for bonding classification: SR = Solvent released (from solution or emulsion); F = Fused by heating; V = Vulcanized; 
R= Cured at room temperature (70-80°F.); M = Cured at moderate temperature (150-200°F.); H = Cured at elevated temperature 
(275-310"F.); CR = Chemically reacted. 





LIST OF MANUFACTURERS AND SUPPLIERS OF RESINS AND ADHESIVES* 


1. Acme Resin Corp., 1401 Circle Ave., Forest Park, Ill. (A) 37. Catalin Corp., 1 Park Ave., New York 16, N.Y. (RA) 

). Acryvin Corp. of America, 470 E. 9th St., Brooklyn 36, N.Y. (A) 38. Celanese Corp. of America, Plastics Div., 744 Broad St., 
Adhesive Engineering, San Carlos, Calif. (A) Newark 5, N.J. (RA) 
Adhesive Products Corp., New York 60, N.Y. (RA) 39. Chemical Coatings and Engineering Co., Inc., Edgemont, Pa. (A 
Adhesive Products Inc., Albany 10, Calif. (A) 40. Chemical Development Corp., (Devcon Corp.), Danvers, Mass. (A 


Aero Research, Ltd., Cambridge-Duxford, England (A) 41. Chemical Process Co., 901 Spring St., Redwood City, Calif. (F 
A) 


Alkydol Laboratories, Inc., Cicero 50, Ill. (R 4laChemical Products Corp., King Philip Rd., E. Providence 14, R.! 
Allied Chemical Corp. (See No. 26, below) 42. Ciba Co., Inc., Plastics Div., Kimberton, Pa. (R) 
American Cyanamid Co., Plastics and Resins Div., 30 Rocke- 43. Colton Chemical Co., A Div. of Air Reduction Co., Inc., 1747 
feller Plaza, New York 20, N.Y. (RA) Chester Ave., Cleveland 14, Ohio (R) 
American Latex Products Corp., Hawthorne, Calif. (A) 44. Compo Chemical Co., Inc., Waltham 54, Mass. (A) 
American Lucoflex Inc., 500 5th Ave., New York 36, N.Y. (A) 45. Cordo Chemical Co., 34 Smith St., Norwalk, Conn. (A) 
American-Marietta Co., Adhesive, Resin and Chemical Div., 46. Com Products es Co., Chemical Div., New York 4, N.Y. (A 
3400 13th Ave., S.W., Seattle 4, Wash. (RA) 47. Cycleweld Cement Products Div., Chrysler Corp., 5437 W. 
American Products Manufacturing Co., New Orleans 18, La. (A) Jefferson, Trenton, Mich. (A) 
Amoco Chemicals Corp., 910S. Michigan Ave., Chicago 80, I11.(R) 48. Dennis Chemical Co., 2701 Papin St., St. Louis 3, Mo. (A) 
Angier Adhesives, Div. of Interchemical Corp., 120 Potter St., 49. Dewey and Almy Chemical Co., Div. of W.R. Grace and Co., 
Cambridge 42, Wass. (A) Cambridge 40, Mass. (A) 
Arabol Mfg. Co., 110 E. 42nd St., New York 17, N.Y. (A) Dow Chemical Co., The, Midland, Mich. (RA) 

. Archer-Daniels-Midland Co., Minneapolis 2, Minn. (A) . Dow Corning Corp., Midland, Mich. (RA) 
Aries Laboratories, Inc., New York 17, N.Y. (A) . E.l. duPont de Nemours and Co., Wilmington 98, Del. (RA) 

. Armour and Co., 1355 W. 31st St., Chicago 9, Ill. (A) . Durez Plastics Div., Hooker Electrochemical Co., 888 Walck 
Armstrong Cork Co., Lancaster, Pa. (A) Road, North Tonawanda, N.Y. (RA) 
Armstrong Products Co., P.O. Box 1, Warsaw, Ind. (A) . Eastman Chemical Products, Inc., Kingsport, Tenn. (RA) 
Atlas Mineral Products Co., Mertztown, Pa. (A) . Emerson and Cuming, Inc., Canton, Mass. (A) 
Atlas Powder Co., Wilmington 99, Del. (A) . Epoxylite Corp., El Monte, Calif. (A) 
Atlas Synthetics Corp., Long Island City 1, N.Y. (R) . Farrington Texol Corp., Walpole, Mass. (A) 
f.B. Chemical Co., 784 Memorial Drive, Cambridge 39, Mass. (A) 58. Federal Adhesives Corp., 210 Wythe Ave., Brooklyn 11, N.Y. (A 
Radische Anilin & Soda-Fabrik AG, Ludwigshafen am Rhein, . Flintkote Co., Atlas Adhesives Div., Philadelphia 27, Pa. (A 
Germany . Formica Corp., 4614S pring Grove Ave., Cincinnati 32, Ohio (A 
Bakelite Co., Div. of Union Carbide Corp., 30 E. 42nd St., H.B. Fuller Co., 255 Eagle St., St. Paul 2, Minn. (A) 
New York 17, N.Y. (RA . Furane Plastics Inc., Los Angeles 39, Calif. (RA) 
Allied Chemical Corp., Plastics and Coal Chemicals Div., 40 . General Aniline and Film Corp., New York 14, N.Y. (R) 
Rector St., New York 6, N.Y. (RA) . General Electric Co., Pittsfield, Mass. (RA) 
Belding Corticelli Industries, Chemicals Div., 1407 Broadway, . General Latex and Chemical Corp., Cambridge 39, Mass. (A 
New York 18, N.Y. (R) . General Mills, Inc., Chemical Div., P.O. Box 191, Kankakee, I! 
Biggs Co., In Carl H., Los Angeles 64, Calif. (A) (RA) 
hloomingdale Rubber Co., Aberdeen, Md. (A) . B.F. Goodrich Co., 500 S. Main St., Akron 18, Ohio (RA) 
Fond Adhesives Co., Box 406, Main P.O., Jersey City 3, N.J. (A) . Goodyear Tire and Rubber Co., Chemical Div., Akron 16, Ohi: 
Dlacher, B., 752 Broadway, New York 4 N.Y, - Gordon-Lacey Chemical Products Co., Maspeth, Long Island, 
orden Chemical Co., Div. of The Borden Co., 359 Madison Ave., N.Y. (A) 
New York 17, N.Y. (R,C) . Griffin Chemical Co., Div. of Nopco Chemical Co,, 1000 16th 
Piritish Resin Products Ltd., London S.W. 1, England (A) St., San Francisco 7, Calif. (R) 
Canadian Industries Ltd., Montreal, Canada (R) . Harwick Standard Chemical Co., Akron 5, Ohio (A) 
California Ink Co., Inc., 545 Sansome, San Francisco, Calif. . Hercules Powder Co., Wilmington 99, Del. (R) 
Carboline Co., 331 Thornton Ave., St. Louis 19, Mo. (A) . Heresite & Chemical Co., Manitowoc, Wis. (RA) 


*This list includes sources of bonding materials for compounding adhesives, indicated by (R), and sources of adhesive compositions 
prepared from the bonding materials, indicated by (A). The adhesives described on this chart are those formulated primarily with one typ* 
of plastic base. Many commercial adhesives are made up of complex mixtures of different resins in order to attain a combination of prop- 


erties not found in a single type of base. The manufacturers of adhesives should be consulted before making a choice of material. 


MODERN PLASTICS ENCYCLOPEDIA ISSUE 





we ewes 





MANUFACTURERS OR SUPPLIERS 
OF RESINS OR ADHESIVES 


(See list below for key 
o numbers) 


TRADE DESIGNATIONS 





3 Arcco (32), Bakelite (25), Bondmaster (123), Butvar (127), Chem-O-Sol (41a), Dennis 
48), Farrington (57), Helix (24), Laco (81), Midland (88), Placco (32), Plastibond (69), 
Plasticweld (83), Plastilock (67), Polybond (114), Reslac (32), Resyn (95), VC (126) 
Ampcoflex (21), Anodex (67), Arcco (32), Bakelite (25), Bondmaster (123), Bostik 
24), BRC (29), CD Cement (40), Compo (44), Cordo-Bond (45), Dennis (48), Fedco 
58), Helix (24), Laco (81), Loven (84), Midland (88), Pee Vee Cee (21), Placco (32), 
Plastibond (69), Plastigrip (4), Plastilock (67), Plastite (110), Polybond (114), Polyco 
32), Reslac (32), Resyn (95), Rubbagrip (122), Upaco (134), Vinylgrip (4), Watson- 
Stand ard (143) 
API (5), Arcco (32), Bakelite (25), Bond (30), Bondmaster (123), Bostik (24), CD Cement 
(40), Compo (44), Cordobond (45), Dennis (48), Fedco (58), Fuller (61), Helix (28), Hew- 
bind (74), Kotol (97), Midland (88), Placco (32), Plastibond (69), Plastilock (67), Plas- 
tite (110), Pliastic (103), Polybond (114), Polyco (32), Reslac (32), Resyn (95), Rubba- 
grip (122), Stabond (9), Synco (132), Tygobond (139), Upaco (136), U-Sement (138), 
VC-2 (126), Vinylgrip (4), Watson-Standard (143), Zerok (21), 3 M (89) 

. PVP (63), Vinrez (130) 

Arcco (32}, Bondmaster (123), CD Cement (40), Cordo-Bond (45), Dennis (48), B.F. 


4, 24, 25, 30, 32, 41a, 48, 52, 57, 67, 69, 
76, 81, 83, 88, 95, 107, 111, 112, 114, 
116, 119a, 122, 123, 126, 127, 143 

4, 14, 19, 21, 24, 25, 29, 32, 40, 44, 48, 52, 
58, 67, 69, 81, 84, 88, 95, 103, 107, 110, 
112, 114, 116, 119a, 122, 123, 126, 136, 


4, 5, 9, 14, 15, 19, 21, 24, 25, 28, 30, 32, 
40, 44, 48, 52, 58, 61, 67, 69, 74, 76, 78, 
88, 89, 95, 97, 103, 107, 110, 111, 112 
114, 116, 119a, 122, 123, 126, 132, 136, 
138, 139, 143, 144 


63, 130 
4, 14, 19, 32, 40, 48, 50, 58, 67, 76, 88, 89, 


;00drich (67), Midland (88), Miracle (90), Ohio (102), Placco (32), Polybond (114), 
Polyco (32), Reslac (32), Resyn (95), Rubbagrip (122), Saran (50), Upaco (136), Viny+ 


grip (4), Watson-Standard (143), 3M(89) 


AP! (5), Fuller (61), Indu-Sealz (97), Midland (88), Polybond (114), Resimelt (103), Reswax 


32), Resyn (95), Upaco (136) 


90, 95, 102, 107, 112, 114,116, 1194, 122, 
123, 126, 136, 143 


- — 


5, 14, 15, 32, 61, 88, 92, 95, 97, 103, 114, 
116, 136, 145 





» (32), Argo (46), Midland (88), Paisley (103), Placco (32), Polybond (114), Reslac (32), 


Upaco (136) _ a 


= 46, 88, 103, 114, 136, 145 








for solvents: A = Alcohols; Cl = Chlorinated hydrocarbons; E = 


ns; K = Ketones; W = Water (solution or emulsion). 
e for rating: E = Excellent; G = Good; M = Moderate; F 


Fatty acid esters; H = Aromatic hydrocarbons; HA = Aliphatic 


= Fair; P = Poor, 


LIST OF MANUFACTURERS AND SUPPLIERS OF RESINS AND ADHESIVES* (Continued) 


74, C.} 
75. H 


Hewitt and Bros., Inc., New York 13, N.Y. (A) 

vughton Laboratories, Inc., 322 Bush St., Olean, N.Y. (A) 

6. Hughes Glue Co., Detroit 7, Mich. (A) 

77. Imperial Chemical Industries Ltd., London S.W. 1, England (R) 

7% Interchemical Corp., Finishes Div., 67 W. 44th St., New York 

N.Y. (A) 
). Irvington Chemical Div., Minnesota Mining and Manufacturing 
500 Doremus Ave., Newark 5, N.J. (A) 

Koppers Co., Inc., Chemical Div., Pittsburgh 19, Pa. (RA) 

Lawrence Adhestve and Chemical Co., Lawrence, Mass. (A) 

c Chemical Corp., Paramount, Calif. (A) 

w Chemical Co., Div. of Reichhold Engineering and 

ics Co., 12827 E. Imperial Highway, Norwalk, Calif. 

1 Chemical of California, Newhall, Calif. (RA) 

Chemical Co., Brockton 2, Mass. (A) 

86. Marblette Corp., Long Island City 1, N.Y. (RA) 

87. Marbon Chemical Div., Borg-Warner Corp., Gary, Ind. (A) 

88. Midland Adhesive and Chemical Corp., Detroit 20, Mich. (A) 

88a Minneapolis-Honeywell Regulator Co., 2753 4th Ave. S., 
Minneapolis 8, Minn. 

89. Minnesota Mining and Mfg. Co., Adhesives and Coatings Div., 
411 Piquette Ave., Detroit 2, Mich. (A) 
Miracle Adhesives Corp., 214 E. 53rd St., New York 22, N.Y. (A) 

1. Mobay Chemical Co., St. Louis 4, Mo. (A) 

anto Chemical Co., Plastics Div., Springfield 2, Mass., 

ll Western Ave., Seattle 4, Wash. (RA) 

lastics Div., Curd Enterprises, Inc., 3337 Lincoln St., 

anklin Park, Ill. (R) 


Let 
83. Liths 
Plast 
84. I 
ge 


Mag ic 


ar 
93. Mult 
Fr 


Resins and Coatings Co., Costa Mesa, Calif. (A) 
nal Adhesives Div., National Starch Products Co., 750 
i Ave., New York 16, N.Y. (RA) 
al Casein Co., 601 W. 80th St., Chicago 20, Ill. (RA) 
matuck Chemical Div., U.S. Rubber Co., Naugatuck, Conn. 


e Chemical Co., Neville Island, Pittsburgh 25, Pa. (R) 
rk Quinine and Chemical Works, Inc., The, 50 Church 
w York 8, N.Y. (R) 
hemical Corp., 147 Waverly Pl., New York 14, N.Y. (R) 
Inc., Cranston JO, R.L (RA) 
Adhesives Corp., New Philadelphia, Ohio (A) 
Products Inc., Div. of Morningstar Nicol Inc., 630 W. 
New York 19, N.Y. (A) 
ylvania Industrial Chemical Corp., Clairton, Pa. (R) 
s Glue Co., Lansdale, Pa. (RA) 
aielphia Quartz Co., Philadelphia 6, Pa. (RA) 
e and Stevens, Inc., 710 Ohio St., Buffalo 3, N.Y. (A) 


108. 
109. 
110. 
111. 
112. 
114. 
115. 
116. 
117. 


Pittsburgh Plate Glass Co., Paint Div., Pittsburgh, Pa. (R) 

Plastics Engineering Co., Sheboygan, Wis. (R) 

Plastite Adhesives Corp., Chicago 10, Ill. (RA) 

Poly Resins, Sun Valley, Calif. (R) 

Polymer Corp. of Pa., 2140 Fairmont Ave., Reading, Pa. (A) 

Polymer Industries Inc., Springdale. Conn. (A) 

Polypenco , Inc., Reading, Pa. (A) 

Pyroxylin Products, Inc., Chicago 32, Ill.; Paoli, Pa. (A) 

Raffi and Swanson, Inc., Wilmington, Mass. (A) 

118. Reichhold Chemicals, Inc., White Piains, N.Y. (RA) 

119. Ren Plastics Inc., Lansing 4, Mich. (A) 

119a Research Sales, Inc., 20 Fourth Ave., Hawthorne, N.J. (A) 

120. Reynolds Chemical Products Co., Ann Arbor, Mich. (A) 

120aH.H. Robertson Co., 2400 Farmers Bank Bldg., Pittsburgh 22, Pa. 

121. Rohm & Haas Co., Resinous Products Div., 222 W. Washington 
Sq., Philadelphia 5, Pa. (RA) - 

122. Rubba, Inc., 1015 E. 173rd St., New York 60, N.Y. (A) 

123. Rubber and Asbestos Corp., Bloomfield, N.J. (A) 

124. Rubber Corp. of America, Latex and Chemical Div., New South 
Road, Hicksville, Long Island, N.Y. (RA) 

125. Schenectady Varnish Co., Inc., Schenectady 1, N.Y. (R) 

126, Schwartz Chemical Co., Inc., New York 23, N.Y. (A) 

127. Shawinigan Products Corp., New York 1, N.Y. (RA) 

128. Shell Chemical Corp., New York 17, N.Y. (RA) 

128aSilicones Div., Union Carbide Corp., 30 E. 42nd St., New York 
17, N.Y. 

129. Slomons Laboratories, Inc., Long Island City 1 

130. Stein-Hall and Co., Inc., New York 17, N.Y. cas 

131. Swift and Co., 4115 Packers Ave., Chicago 9, Ill. (A) 

132. Synco Resins, Inc., Bethel, Conn. (RA) 

133. Synvar Corp., 415 E. Front St., Wilmington 99, Del. (RA) 

134. Tylene Plastics, Inc., Freyer Rd, Michigan City, Ind. 

135. UBS Chemical Corp., Cambridge 42, Mass. (A) 

135a Union Car bide Chemicals Co., Div. Union Carbide Corp., 

30 E. 42nd St., New York 17, N.Y. 

Union Paste Co., 1605 Hyde Park Ave., Hyde Park 36, Mass.(A) 

U.S. Plywood Corp., 55 W. 44th St., New York 18, N.Y. (RA) 

U.S. Rubber Co., Rockefeller Center, New York 20, N.Y. (RA) 

U.S. Stoneware Co., 100 Brimfield Rd., Akron 9, Ohio (A) 

Valite Corp., 726 Whitney Bldg., New Orleans 12, La. (RA) 

Varcum Chemical Corp., Packard Rd., Niagera Falls, N.Y.(RA) 

Velsicol Chemical Corp., Chicago 11, Ill. (R) 

Watson-Standard Co., 225 Galveston Ave., Pittsburgh 30, Pa.(R) 

Williamson Adhesives, Inc., 8220 Kimball Ave., Skokie, Ill. (A) 

Xylos Rubber Co., Div. of The Firestone Tire and Rubber Co. 

Akron 1, Ohio (A) 

146. Wm. Zinsser and Co., Inc., New York 19, N.Y. (A) 


N.Y. (A) 


136. 
137. 
138. 
139. 
140. 
141. 
142. 
143. 
144. 
145. 


ist includes sources of bonding materials for compounding adhesives, indicated by (R), and sources of adhesive compositions 


from the bonding materials, indicated by (A). 


The adhesives described on this chart are those formulated primarily with one type 


base. Many commercial adhesives are made up of complex mixtures of different resins in order to attain a combination of prop- 
found in a single type of base. The manufacturers of adhesives should be consulted before making a choice of material. 


ADHESIVES CHART 





Coatings Chart 





TYPE OF PLASTIC BASE 


TRADE DESIGNATIONS OF RESINS OR COATINGS 


MANUFACTURERS OR 
SUPPLIERS OF RESINS 
; OR COATINGS 
(See list on pp. 616—17 for key 
to numbers) 





. Acrylate and methacrylate 


Acri-Flo (79), Acrigrip (2), Acripol (151), Acrylac (170), Acryloid 
(156), Acrylon (27), Arcco (27), AT (160), Bedacry! (93), 
Butakon M (93), Cordobond (46), Corrocote (38), Coverlac (169), 
Dennis (50), Duracryl (140), Farrington (66), Gloze (78b.), 
Gordon-Lacey (84), Hycryl (178), Inceloid (12), Indusol (94a. ), 
Kotol (124) Krylon (102), Logo (22), Lucite (57), Lytron (118), 
MCW (114), Midland (113), Modicol (128), Nopcosize (128), 
Nubeloid (80), Placco (27, 49), Placquer (49), Polyco (27), Polyfiex 
(95), Polyplex (172), Reslac (27), Resyn (123), Rez-N-Lac (160), 
Rhoplex (156), Stanley (171), Ubatol (178), 3 mM (115) 


4, 12, 17, 18, 22, 27, 32, 38, 40, 
46, 49, 50, 57, 66, 80, 84, 93, 
95, 96, 98, 102, 103, 113, 114, 
115, 118, 123, 124, 128, 139, 
140, 143, 147, 148, 150, 151, 
153, 156, 157, 160, 169, 17 


’ 


171, 172, 173, 176, 178, 179a, 
183 





. Alkyd resins (phthalic 
anh ydride-polyhydric 
alcohol-oil combinations) 


Alkydol (3), Amalite (6), Amberlac (156), Armorcord (16), Aulflex 


Crown (48), Duraplex (156), Durez (58), Dyal (166), Epok (30), 
Falkyd (34), FCD (71), Glyptal (77), Indusol (94a), Kotol (124), 
Logo (22), Lustrasol (151), MCW (114), Mirasol (132), Mol-Rez 


Rez-N-Lac (160), Rezyl (8), Schenectady (159), Stanley (171), 
Sullvar (172), Syntex (99), Varkyd (111), Walkyd (151) 


(95), Bar-ox (177), Beckosol (151), Carbosol (132), Cellolyn (89), 


(117a), Oxalkyd (186), Paralac (93), Paraplex (156), Plaskon (3a), 


3a, 8, 16, 17, 18, 22, 28, 30, 
32, 34, 44, 48, 58, 61, 71, 77, 
80, 89, 93, 95, 98, 99, 111, 
114, 117a, 124, 132, 139, 148, 
151, 153, 156, 159, 160, 166, 
170, 171, 172, 176, 177, 1792, 
183, 188 





Allyl starch resin 


Amercoat (4) 


4, 80, 139 





Asphalts 


Arcco (27), Atlastic (19), Lebec (105), Loven (107), Midland (113), 
Nebony (125), Pioneer (188), Placco (27), Resinex (88), Reslac 
(27), Transphalt (136), Witcote (187), 3 M (115) 


12, 19, 27, 80, 88, 105, 107, 
113, 115, 116, 136, 187 





.» Cellulose acetate 


Acetaplex (172), Arcco (27), CD (39), Cordobond (46), Cymel (8), 
Dyal (166), Farrington (66), Gordon-Lacey (84), Hercules (89), 
Inceloid (12), Logo (22), MCW (114), Midland (113), Placco (27), 
Reslac (27), Rez-N-Lac (160) 


Te Bde Rte SPee Bie Sle ST, Mh 
40, 46, 57, 59, 66, 80, 84, 89, 
98, 99, 103, 113, 114, 115, 118, 
139, 143, 147, 148, 150, 153, 
160, 166, 170, 172, 174, 179a 





. Cellulose acetate butyrate 


Arcco (27), Butaplex (172), Cordobond (46), Gordon-Lacey (84), 
Half-Second Butyrate (59), Indusol (94a), Lebec (105), Logo (22), 
MCW (114), Midland (113), Placco (27), Plastrip (145), Reslac 
(27), Resyn (123), Rez-N-Lac (160), Seal-Peel (161), Stanley 
(171), Stipgrip (2), Thermo-Cote (25), Thermodip (65), Tool-Dip 
(142), Westcoat (184) 


2, 17, 18, 22, 25, 27, 40, 46, 59, 
65, 80, 84, 94a, 95, 98, 99, 
103, 105, 113, 114, 123, 139, 
142, 143, 145, 147, 148, 150, 
153, 160, 161, 170, 171, 172, 
174, 179a, 184 





. Cellulose, carboxymethyl 


Carbose (190), Cellofas (93), Hercules CMC (89), Logo (22), 
Midland (113), Sodium CMC (57) 


22, 32, 57, 89, 93, 113, 139, 
143, 160, 190 





. Cellulose, ethyl 


Compo (43), Ethocel (54), Farrington (66), Gordon-Lacey (84), 
Hercules (89), Inceloid (12), Indusol (94a), Logo (22), MCW 
(114), Midland (113), Resyn (123), Rez-N-Lac (160), Seal-Peel 
(161), Thermo-Cote (25), Tool-Dip (142), Westcoat (184) 


12, 17, 18, 22, 25, 40, 43, 54, 
66, 80, 84, 89, 94a, 95, 98, 
103, 113, 114, 123, 139, 142, 
143, 147, 148, 153, 160, 161, 
179a, 184 





. Cellulose, hydroxyethyl 


Cellosize (178a), Logo (22), Rez-N-Lac (160), Whirlsint (122, 144) 


22, 40, 139, 143, 160, 1784 





. Cellulose, ethyl hydroxyethyl] EHEC (89, Rez-N-Lac (160) 


, 160 





. Cellulose, methyl 


Methocel 54) 


54 





. Cellulose nitrate 


Arcco (27, Armolac (16), Aultone (95), Blue Knight (95), CD (39), 
Compo (43), Dennis (50), Farrington (66), Hercules (89), 
Inceloic (12), Logo (22), MCW (114), Midland (113), Nik-o-lac 
(127), P.acco (27), Reslac (27), Resyn (123), Rexlance (154), 
Rez-N-Lac (160), Stanley (171) 


8, 12, 16, 17, 17a, 18, 22, 27, 28, 
39, 40, 43, 50, 57, 60, 80, 89, 95, 
98, 103, 113, 114, 118, 123, 127, 
139, 143, 147, 148, 150, 153, 
154, 160, 170, 171, 174, 17¢ 





Cellulose propionate 


Logo (22) 


22, 36, 160 





. Chlorinated paraffins 


Cereclor (93), Chlorowax (53), Clorafin (89), Halowax (21), Logo 
(22), Midland (113), Stan-Chlor Oil (88) 


21, 22, 32, 53, 80, 88, 89, 91, 
93, 99, 113, 139 





Chlorinated rubber 


Alloprene (93), Apco (2), Arcco (27), Armorcote (16), Carboline 
(33), Corrocote (38), Dennis (50), Farrington (66), Gordon-Lacey 
(84), Heresite (90), Laco (104), Lebec (105), Logo (22), MCW 
(114), Midland (113), Para-Stonetex (177), Paratex (177), Parlon 
(89), Placco (27), Resimene (118), Reslac (27), Rexadur (154), 
Rez-N-Lac (160), Roxaprene (95), Stanley (171), Texkote (142), 
Vulcabond (10), Zerok (19), 3 M (115) 


2, 9, 10, 16, 19, 22, 27, 32, 33, 
38, 50, 66, 80, 84, 89, 90, 93, 
95, 104, 105, 113, 114, 115, 
118, 139, 142, 143, 147, 148, 
153, 154, 160, 170, 171, 176, 
177, 178 





. Coumarone resins 


Cumar (3a), Durez (58), Epok (30), Inceloid (12), Neville R (125), 
Nevindene (125), Nuba (125), Paradene (125), Piccoymaron 
(136), Piccovar (136), Velsicol (142) 


3a, 12, 30, 58, 80, 85, 88, 125 
136, 139, 142, 143, 147, 153, 
181 





. Cyclized rubber 


Acidseal (82), Alpex (3), Pliolite NR (83) 


3,80,82, 83,99, 107,139, 143,147 





. Epoxy resins (epichloro- 
hydrin bisphenol resins) 


Alfane (19), Alk-o-flex (3), Amercoat (4), Amphesive (19), Araldite 


Carbo line (33), Cardolite (97), CD (39), Chem-Fast (177), 
Cordobond (46), Corrocote (38), Corvel (122, 144) DER (54), 
Devran (51), Dura-Line (168), Duranite (80), Duro-Lok (123), 
Dyphenite (166), Epi-Kote (74), Epiphen (27), Epi-Rez (99), 
Epi-Tex (99), Epi-Var (99), Epocast (60, 74), Epolax (104), 
Epon (165), Eponite (172), Epotuf (151), Epoxin (95), Epoxylite 
(64), Epoxyn (45), Flawmaster (24), Glid-Plate (80), Helix (24), 
Hi-Bake Sterilkote (28), Hysol (92), Lithgow (106), Logo (22), 
Loven (107), Maraset (109), MCW (114), Midland (113), Mirasol 
(132), Napon (19), Nepoxide (19), Nipoxin (95), Nu-Pon (80), 
Nu-Pon Cote (80), Nureco (130), Perma-Skin (50), Poly-Kast 
(142), Polyox, (151), Randac (116), Ren (152), Resiweld (72), 
Rez-N-Lac (160), Schenectady (159), Speedrex (177), Stanley 
(171), Tygon Series E (179), 3 M (115) 


3, 4, 14, 15, 16, 18, 19, 21, 22, 


(41), Aritemp (15), Armorcoid (16), Bakelite (21), Beckosol (151),] 24, 27, 28, 33, 38, 39, 40, 4! 


44, 46, 50, 51, 54, 60, 61, 54, 
72, 74, 80, 92, 95, 97, 98, 99 
101, 103, 104, 106, 107, 10! 
113, 114, 115, 116, 122, | 
130, 132, 139, 142, 1 
148, 150, 151, 152, 

159, 160, 165, 166, 

171, 172, 176, 177, 

183 





. **Ester-type’’ resins-oil re- 
active (bicyc loheptane di- 
carboxylic acid, and relat- 
ed esters with drying oils) 


Stanley (171) 





80, 139, 151, 160, 171, 








*Code for solvents: A = Alcohols; C = Chlorinated hydrocarbons; E = Esters; F = Furan; G = Glycols; H = Aromatic hydrocarbons, 
I = Aliphatic hydrocarbons; K = Ketones; N = Nitrohydrocarbons; W = Water emulsions; WA = Aqueous alkali. 


MODERN PLASTICS ENCYCLOPEDIA ISSUE 








RESISTANCE SUITABILITY FOR USE 
RATINGS IN COATINGS 


DRYING SOLVENTS OR TYPICAL USES OF COATINGS 
CLASSIF|- DISP ERSING MADE FROM PLASTIC BASE 
CATION AGENTS INDICATED ON OPPOSITE PAGE 





® 
Bs 
= 
35 
Ok 





Alkalies 
| Solvents 
© | Concrete 


Electrical coatings, fabric treatment, leather 
finishing, metal and paper coatings, thickening 
and dispersing media, automotive finishes 


» 
i 
3 
o 
i} 
~ 
Q 
G 
i- 


zg 21 Wood 
=o | Leather 
8 | Ceramics 


MG 
trated 





Automotive finishes, collapsible tube coatings, 
electrical insulation, emulsion paints, floor 
coverings, interior and exterior enamels, 
household and industrial coatings, metal 
decorative finishes, printing ink, rubber, 
paints 





A, C, E, H, K, N, W Overprint varnishes, wood sealer 


C81 Packaging, pipe coatings, roofing, sealers, 
deadeners, undercoatings for autos 








c,E,K,N,W High gloss paper, oil- and grease-resistant papers, 
wire and wood coatings 





A, C, E, H, K, N Airplane dope, strippable coatings gel lacquer, 
cable lacquer, finishes for paper, wood, plastics, 
and metal. Hot melts 





Fabric finishing, warp sizing, grease-proofing, 
thickener 





Masking agent, metal strip coating, sizing, 
packaging, styrene plastics, rubber 





Color binding agent on fabrics, emulsion stabilizer 
in latex paints, fabric finishing, warp sizing 





Silk screen inks 





Grease-proofing, thickener 





Artificial leather, furniture coating, decorative 
coatings, floor finishes, auto and aircraft 
finishes, nail polish 





A, C, E,H, K, N Strippable coatings, gel lacquers, glass coatings 





C, E, F,H,1,K,N 3 | Flameproofing of textiles, paints, printing inks 





Cc, E,H,K c J J Flame retardant coating, corrosion-resistant metal 
coatings, inks, soap wrap coatings, traffic 
paints 





Cc, E,H, 1K Anti-corrosive finishes, bronzing liquids, concrete 
coatings, marine finishes, printing inks, rubber 
compounds, pipe coatings, floor and trim 

varnishes, waterproof coatings, emulsion paints 





Ces G Concrete enamel, corrosion-resistant paint, inks 





E, G, H, I, K, W EG E E c Can coatings, corrosion-resistant maintenance 
coatings, chemical resistant coatings, elec- 
trical insulation, product finishes, drum linings, 
floor varnishes, marine finishes, inks, appli- 
ance primers, architectural paints and enameis 





A,C,E,G,H,LK,N FPGGGG-G EEGGEEGGPG Durable paper for packaging, electrical insulation 
ethyl cellulose lacquers, overprint, shade cloth 

















© for drying classification: A = Air drying; B = Baking; F = Force drying 120- 150° F. 
for rating: E = Excellent; G = Good; M = Moderate; F = Fair; P = Poor 


COATINGS CHART 








TYPE OF PLASTIC BASE 


TRADE DESIGNATIONS OF RESINS OR COATINGS 


MANUFACTURERS or 

SUPPLIERS OF RESINS 
OR COATINGS 

(See list on pp. 616-17 
for key to numbers 





20. Ethylene resins (poly- 
ethylene) (low- or high- 
density) 


A-C omy Agilene (S}. Alathon (57), Alkathene (93), Bakelite (21), 
C.LL. (93), Corvel (122, 144), Dow (54), Dura-Line (168), Dylan 
(101), Epolene (59), Fedco (67), Fortiflex (36), Hi-fax (89), Lad- 
cote (56), Logo (22), Marlex (138), Modulene (119), Monsanto 
(116), Resinite (153), Super Dylan (101), Super Modulene (119), 
Tenite (59), Whirlsint (122, 144) 


5S, 21, 22, 36, 37, 54,56, 
'S7, 59, 67, 80, 82, 87 59, 
101, 118, 119, 122, 

139, 144, 147, 160, 162, 
168 





. Fluoroethylene resins 


Agifluor (5), Bakelite (21), Corrocote (38), Exon (68), Fluran (179), Gencote 
(78a), Kel-F (115a), Pee Vee Seal (19), Polyfluoron (1), Tefion (57) 


1, 5, 21, 38, 57, 68, 78a 
80, 99, 115a, 179 





. Furan resins 


Alkaloy (19), Alkor (19), Carboline (33), Duralon (179), Durez (58), Dyphene 


(166), Furatone (97), Furnane (19), Jet-Kote (74), Lithgow (106), Loven 
(107), Resin X (74), Resistojet (74), Super-Beckacite (151), Tybon (26) 


19, 22, 26, 33, 58, 74, 80, 
86, 97, 106, 107, 151, 
166, 179 





. Hydrocarbon resins 
(derived from petroleum) 


Arcco (27), Amercoat (4), Atlastic (19), JC (19), Loven (107), Midland 
(113), Nebony (125), Neville (125), Panarez (13), Piccopale (136), Placco 
(27), Reslac (27), Velsicol (181), 3 M (115) 


4, 13, 19, 27, 28, 80, 82, 
107, 113, 115, 125, 136, 
139, 147, 153, 181 





. isobutylene resins 
(polyisobutylene) 


Logo (22), Oppanol B (129), Vistanex (63) 


22, 56, 63, 80, 129, 139, 
153, 181 





. Ketone resins 


Bakelite (21), Corrocote (38) 


21, 38, 40, 80, 94a, 139, 
179a 





. Maleic resins 


Amberol (156), Arcco (27), Beckacite (151), Carbasol (132), Cellolyn (89), 
Crown (48), Durez (58), Dyal (166), Dymal (166), Epok (30), FCD (71), 
Falkote (34), Lewisol (89), Mirasol (132), Pentalyn (89), Petrex (89), 


Placco (27), Plaskon (3@), Reslac (27), Rexatherm (154), Rez-N-Lac (160), 


Schenectady (159), Stanley (171), Synaryl (3), Syntex (99), Synvar V (173), 
Teglac (8) 


3, 3a, 8, 30, 34, 40, 44, 
48, 57, 58, 71, 76, 86, 
89, 94, 95, 99, 132, 139, 
147, 150, 151, 153, 154, 
156, 159, 160, 166, 171, 
172, 173, 183 





. Melamine resins 


Cymel (8), Epok (30), Indusol (94a), Logo (22), Plaskon (3a), Polymerin 
(95), Rez-N-Lac (160), Resimene (118), Stanley (171), Super-Beckamine 
(151), Synvarol (173), Uformite (156) 


3a, 8, 22, 30, 40, 61, 80 
94a, 95, 118, 139, 147, 
151, 153, 156, 159, 160, 
166, 171, 173, 179a, 183 





Natural resins (batu,c ongo 
copal, damar, elemi, kauri, 
manila, Sandarac, etc.) 


Innes (38), Kopol (151), Schenectady (159), Stanley (171) 


71, 80, 94, 147, 151, 153, 
159, 171, 183 





. Oleo-resinous materials 
(combinations of oils, 
and natural and synthetic 
resins) 


Alkydol (3), Amberlac (156), Armitage (16), Bakelite (21), Beckosol (151), 
Cellolyn (89), Crown (48), Duraplex (156), Durez (58), Dyal (166), Falkyd 
(34), GE (77), Ladwax (56), Lithgow (106), McCloskey (111), Miravar 
(132), Mol-Rez (117a), Plaskon (3a), Resimene (118), Rez-N-Lac (160), 
Rezyl (8), Schenectady (159), Stanley (171), Sullvar (172), Syntex (99), 
Synvaren (173) 


3, 3a, 8, 16, 21, 27, 28, 34, 
44, 48, 56, 58, 71, 77, 80, 
89, 94, 95, 96, 98, 99, 
100, 106, 111, 1172, 118, 
126, 132, 139, 140, 150, 
151, 153, 156, 159, 160, 
166, 170, 171, 172, 173, 
176, 183, 189 





Phenol-formaldehyde mod- 
ified and drying oil com- 
binations (including para- 
phenylphenolformalde- 
hyde resins and alkylated 
phenol resins) 


Acikote (179), Alkydol (33), Amberol (156), Armitage (16), Bakelite (21), 
Beckacite (151), Beckopol (151), Bedesol (93), Cardolite (97), Crown 
(48), Durez (58), Dyphenite (166), Epok (30), FCD (71), GE (77), Heresite 
(90), Hydrophen (151), Korez (19), Lamophene (142), Lebec (105), Logo 
(22), Loven (107), Methylon (77), McCloskey (111), Nevillac (125), 
Nobellac (151), Pentalyn (89), Plaskon (3a), Plastilock (82), Rez-N-Lac 
(160), Schenectady (159), Stanley (171), Sullvar (172), Synaryl (3), 

Syntex (99), Synvarite (173), Varcum (180) 


3, 3a, 16, 19, 21, 22, 

"30, 32, 44, 48, 58, 71 17 
80, 82, 89, 90, 93, 95. 97, 
98, 99, 105, 107, 111, 121, 
125, 139, 142, 148, 151, 
153, 156, 159, 160, 166, 
171, 172, 173, 176, 179, 
180, 183, 188 





. Phenol-formaldeh yde 
pure resins (Spirit- 
soluble, ‘*heat-reactive’’ 
types) 


Amberol (156), Amercoat (4), Bakelite (21), Bedesol (93), Carbasol (132), 
Carboline (33), Cosmalite (42), Dura-Line (168), Durez (58), Durite (27), 


Dyphene (166), Epok (30), FCD (71), GE (77), Heresite (90), Kaston(142), 


Kotol (124), Lebec (105), Lithgow (106), Logo (22), Loven (107), Marb- 
lette (109), Methylon (77), Mirasol (132), Nobellon (151), Plaskon (3a), 
Plenco (141), Plyophen (151), P.Q.L. (124), Resinox (118), Rez-N-Lac 
(160), Schenectady (159), Stanley (171), Super-Beckacite (151), Synvarite 
(173), Varcum (180), 4 A (95), 4 F (95) 


1, 3a, 4, 21, 22, 27, 28, 30, 
32, 33, 40, 42, 44, 58, 71, 
77, 80, 90, 93, 95, 98, 99, 
105, 106, 107, 109, 118, 
124, 132, 139, 141, 142, 
148, 151, 153, 156, 159, 
160, 166, 168, 171, 173 
176, 180, 183 





Polyamide resins 


Agrilon (5), Arcco (27), BCI (23), Corrocote (38), Carvel (122, 144), 
Gordon-Lacey (84), Lithgow (106), Logo (22), Nylam (87), Placco (27), 
Plastilock (82), Reslac (27), Versamid (78) 


5, 22, 23, 27, 28, 38, 40, 
’s7, 78, 80, 82, 84, 87 
122, 139, 144, 147, 


183 


153, 





. Polyamide-epoxy resins 


Amercoat (43), Corrocote (38), Dennis (50), Duro-Lok (123), Duranite (80), 
Epolac (104), Logo (22), Maraset (109), Midland (113), MCW (114), 
Nu-Pon Cote (80), Nureco (130), Stanley (171), Vulcabond (10), 3 M(115) 


4, 10, 14, 22, 27, 28, 38, 
50, 78, 80, 102, 104, 109, 
113, 114, 115, 130, 150, 
153, 160, 171 





. Polyester resins 


Alkydol (3), Amester (6), Ampreg (19), Carboline (33), Cellobond (30), 
Chemiglas (173a), FCD (71), Daltolac (32), GE (77), Glidpol (80), Good- 
rich, B.F. (82), Hetron (91), IC (95), Isolite (159), Laminal (8), Logo (22), 
Loven (107), Marco (36), MCW (114), Mol-Rez (117a), Nureco (130), 
Paraplex (156), Plaskon (3a), Plastaloy (19), Polylite (151), enectady 
(159), Selectron (140), Vibrin (124) 


3a, 6, 8, 22, 27, 30, 


1178, 124, 130, , 107, 
156, 159, 173e, 176, 
189 





Polyethylene oxide 


Polyox (1784) 


178a 





35. Polyethylene glycols 


Carbowax (178a) 


178a 





35a. Polysulfide-epoxy 


Epolac (104), Epoxylite (64), Nureco (130), Rez-Cote (19) 


19, 24, 26a, 35, 408, 45, 
46, 64, 73, 74, 75, } 


114, 144a, 144b, 175, 189 





36. Rubbers, synthetic 
36a. Polychloroprenes 





See p. 614 for list of trade designations, 


a. 2, 14, 19, 22, 27, 3 

43, 50, 57, 70, 80, 82, 9 
104, 107, 113, 115, 12! 
139, 143, 168, 178 








* Code for solvents: 


A = Alcohols; 


C = Chlorinated hydrocarbons; E = Esters; F = Furan; G = Glycols; H = Aromatic hydroc« 


I = Aliphatic hydrocarbons; K = Ketones; N = N:trohydrocarbons; W = Water emulsions; WA = Aqueous alkali. 
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DRYING 
CLASSIF 
CATION 


t 


SOLVENTS 
OR 


DISPERSING 
AGENTS® 


RESISTANCE 
RATINGS 


SUITABILITY FOR USE 
IN COATINGS 





Alkalies 
Solvents 


Water 


8 
v 
= 


Concrete 


Ceramics 
Wire 


Leather 
Glass 


Wood 


TYPICAL USES OF COATINGS 
MADE FROM PLASTIC BASE 
INDICATED ON OPPOSITE PAGE 





C,H,1,¥ 
(> 60 *c.) 


E EE E GE E G‘ 


*With stabilizer 


GEEGP-—---EE 


Electrical insulation, drum linings, packaging of 
food, chemicals, and consumer products, hot melt 
coatings. Pipe wrap and fluidized bed coatings. 





21. B 


c,W 


EGG---EE- 


Drum and tank linings, wire coatings, electrical and 
corrosion-resistant coatings 





22. A, B, F 


C, E,H,K 


PEMEEMEME 


Coatings for wood, concrete, and metal tanks 





23. A, B, F 


C, E, H, 1, N, W 


EGGGEGFFE 


Air-dry and baking enamels, anti-corrosive finishes, bronz- 
ing liquids, concrete coatings, floor and trim varnishes, 
marine finishes, pipe coatings, waterproof coatings 





See waxes 





A, E, F, G, K 


Additive to improve adhesion of vinyl and phenolic 
coatings 





Cc, E,H,1,K,N 


GGFFEMFPF 


Floor coverings, furniture lacquers, label coatings, oil 
cloth, printing inks, tin lithographing, interior enamels 





EGGGGPEG- 


Automotive coatings, can coatings, refrigerators, textile 
and leather finishing 





EE--EG--G 


Electrical insulation, floor coatings, lacquers, enamels, 
varnishes, furniture finishes 





EMMMGMPPM 


Can coating, cap liners, floor varnish, general household 
finishes, interior and exterior enamels, label coatings, 
oil cloth, rubbing and furniture varnish, spar varnish 





EGGGEGEEG 


Can and drum linings, coil varnish, furniture and interior 
enamels, insulating varnishes, spar, floor concrete, and 
exterior finishes, wood sealer 





A, E, H, K,N 


EEGGGPEGP 


Beer cans and drum linings, food cans, food drying equip- 
ment, furniture, linings for chemical processing equip- 
ment, pipe coatings, rigid structural parts, tank car 
linings, product finishes 





Alcohols >C,) 


EEGGEGGG- 


Heat sealing foil, labels, packaging papers, printing inks, 
wire, fabric and paper coating, thixotropic paints 





A, H,1,K,W 


EEGEEGEEE 


Can coatings, wire insulation, marine finishes, anti- 
corrosive finishes, drum linings, pipe linings, chemical 
resistant coatings 





Electrical insulation, potting compound, concrete, cinder- 
block, and brick enamels, wood finishing; casting, 
impregnating fibrous glass 





W, few C 


EEEMEPEFM 


Protection against grease, oils, etc.4 





C,H,W 


FEE 


E-- PG- F 


Anti-fogging coatings for glass, fabric sizing and 
finishing, paper lubricant, wire drawing 





36, 


H, K,N 





EEEEEEEE 


EE 


Coatings for metal, concrete, wood, and marine surfaces; 
wire insulation 





36a 


—_ - 


,B,F 





Cc, E, H, K, W Jeceerere 





EEEGGEGGEE 








Code 
“Code { 


COATINGS CHART 


t drying classification: A= Air drying; B= Baking; F = Force drying 120-150 °F. 
r rating: E = Excellent; G= Good; M= Moderate; F = Fair; P = Poor; N = None required. ‘Where water susceptibility is not a factor. 
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MANUFACTURERS OR 
SUPPLIERS OF RESINS 
OF PLASTIC BASE TRADE DESIGNATIONS OF RESINS OR COATINGS OR COATINGS 
(See list on pp. 616-17 
for key to numbers) 





Acrylon (27), Adprene (2), Ameran (82), Apco (2), Arcco (27), Baytex (178), 2, 10, 12, 14, 22, 27, 28, 33 
Butaprene (69), Butakon A (93), Butarez (138), Carboline (33), Chemi- 43, 50, 52, 60, 68a, 69, 79," 

Butadiene-styrene gum (83), Compo (43), Corrocote (38), Darex (52), Dennis (50), Dura-Linelb. } 80, 81, 82, 83, 90, 93, 99, 

36c. But adiene-styrene (168), Elprene (19), Enjay Butyl (63), FR-S (68a), Gen-Flo (79), Good- - ) 104, 110, 113, 115, 124, 139, 

acrylonitrile rich, B.F. (82), Griptex (2), Herecrol (90), Hycar (81), Kralastic (124), 143, 147, 149, 153, 156, 157, 

Laco (104), Logo (22), Lotol (124), Loven (107), Marbon (110), Midland 158, 169, 178 

36d. Isoprene-isobutylenq (113), Naugapol (124), Naugatex (124), Neelium (13), Neobon (19), Neo- 22, 27, 63, 80, 99, 139, 143 

36e. Isoprene-styrene prene (57), Nitrex (124), Nu-Fab (2), Paracril (124), Placco (27), Plio- 22, 80, 139, 143 

36f. Polysulfide flex (83), Polyco (27), Rand (149), Reslac (3), Rhoplex (156), Spraylat 19, 22, 27, 33, 80, 82, 97, 

(169), Thiokol (175), Thioment (19), Vulcabond (10), 3 M (115) 107, 115, 143, 144b, 175 

36g. Polyacrylic 27, 80, 81, 99, 139, 143, 178 

36h. Polybutadiene . 99, 107, 138 

36i. Polyurethane i. 14a 


37. Shellac Crown (48), Midland (113) 48, 8), 139, 147, 191 tata 


38. Silicone resins Amercoat (4), Carboline (33), Corrocote (38), DC Silicone Resins (55), 4, 18, 33, 38, 55, 77, 80, 84, 94a, 
G-E Silicone (77), Gordon-Lacey (84), Indusol (94a), Nubelon (80), 95, 139, 147, 153, 167, 171, 
Polytherm (95), Stanley (171), Super-Por-Seal (177), Union Carbide (167) | 176, 177, 183 

. Silicone-alkydresins |Dow Corning (55), Dyal (166), FCD (71), Indusol (94a), Nubelon (80), 3a, 10, 18, 55, 71, 80, 94a, 99, 
Plaskon (3a), Schenectady (159), Stanley (171), Syntex (99), Vulcabond 107, 139, 153, 159, 166, 167, 
(10) 171, 179a, 183 


. Silicone-phenolic Dow Corning (55) . 55, 80, 107 
. Silicone rubber GE (77), Silastic (55), Union Carbide (167) 55, 77, 107, 167 




















. Styrene resins Arcco (27), Bakelite (21), Calvoseal (106), CD (39), Dow Latex (54), 2, 12, 17, 18, 21, 22, 27, 30, 39, 
(polystyrene) Dylex (102), Epok (30), Inceloid (12), KTPL (101), Ladcote (56), Loxite} 54, 56, 69, 80, 83, 88, 101, 103, 

(69), Lytron (118), Marbon (110), Midland (113), Nopcosize (128), 106, 110, 113, 118, 128, 136, 

Piccoflex (136), Piccolastic (88, 136), Placco (27), Plastaplex (172), 139, 143, 147, 148, 150, 151, 

Plastiplex (172), Polyco (27), Polystyrolac (170), PS-Resin (54), 153, 159, 160, 170, 171, 172, 

Resgrip (2), Reslac (27), Rez-N-Lac (160), Stanley (171), Styfil (2), 176, 178 

Styroloid (170), Styrophane (170), Ubatol (178), Wallpol (151) 


. Styrene-butadiene Arcco (27), Butaprene (68), Carboline (33), Darex (52), Dow Latex (54), 19, 27, 28, 33, 52, 54, 68, 79, 80, 
resins Dylex (102), Gen-Flo (79), Glid-Rez (80), Gordon-Lacey (84), Kralastic 83, 84, 99, 101, 104, 107, 110, 

(124), Laco (104), Lotol (124), Marbon (110), Midland (113), Placco(27), | 113, 124, 139, 148, 153, 160, 

Pliolite (83), Polyco (27), Polyplex (172), Reslac (27), Rez-N-Lac (160),]| 172, 176, 179a, 183 

Zerok (19) 


. Styrenated alkyd Adprene (2), Amapol (6), Alkydol (3), Armorcord (16), Cycopol (8), Dennis |2, 3, 3a, 8, 16, 18, 28, 40, 44, 50, 

(50), Dyal (166), FCD (71), Fosterite (185), Indusol (94a), MCW (114), 55, 71, 80, 94, 95, 98, 99, 114, 

Mol-Rez (117a), Plaskon (3a), Resimene (118), Schenectady (159), 117a, 139, 147, 148, 151, 153, 

Stanley (171), Styresol (151), Styretex (99) 159, 166, 170, 171, 172, 176, 

179a, 183, 185 

Styrenated dryingoils | — 3, 44, 80, 139, 153 

Terpene resins Indu-sealz (124), Piccolyte (136), Schenectady (159) 80, 88, 124, 136, 139, 147, 153, 
159 

















. Terpene-phenolics Crown (48), Duracron (140), Durez (58), Schenectady (159), Super- 48, 58, 80, 99, 151, 153, 159, 
Beckacite (151), Varcum (180) 180, 183 





. Urea-formaldehyde Amerite (27), Arcco (27), Armorcoid (16), Beckamine (151), Beetle (8), 3a, 8, 16, 27, 28, 30, 32, 40, 72, 
resins and oil-resin Dyal (166), Epok (30), Ful-O-Mite (72), Lebec (105), Loven (108), Mid- 80, 93, 95, 98, 99, 105, 106, 
combinations land (113), Paralac (93), Placco (27), Plaskon (3a), Polymerin (95), 107, 108, 113, 118, 139, 147, 

Resimene (118), Reslac (27), Stanley (171), Syn-U-Tex (99), Synvarol 151, 153, 156, 160, 166, 170, 

(173), Uformite (156) 171, 173, 176 


. Urethanes Carboline (33), Daltolac (93), Durathene (140), Goodrich, B.F. (82), 32, 33, 38, 74, 78, 80, 82, 93, 99, 
(polyurethanes) Isomelt (159), Lastic-Kote (78b), Mol-Rez(117a), Mondur/Multron (117), 117, 117a, 135, 140, 148, 158, 
Pelron (135), Solithane (175), Suprasec (93), Uralane (74) 159, 175, 189 


. Vinyl acetate resins | Acetex (124), Ameran (82), Arcco (27), Bakelite (21), CD (39), Celanese |2, 12, 14, 18, 21, 27, 28, 30, 36, 
(36), Compo (43), Cordobond (46), Corrocote (38), Crown (48), Darex 38, 39, 42, 43, 46, 48, 50, 52, 
(52), Dennis (50), Elvacet (57), Epok (30), Everflex (52), Fuller (72), 57, 72, 80, 82, 84, 86, 98, 99, 
Gelva (164), Goodrich, B.F. (82), Gordon-Lacey (84), Griffco (86), 106, 107, 113, 123, 124, 128, 

Inceloid (12), Lemac (27), Midland (113), Placco (27), Plastigrip (2), 131, 139, 142, 143, 147, 148, 

Polyco (27), Poly-Tex (99), Resgrip (2), Reslac (27), Resyn (123), 151, 153, 160, 161, 164, 170, 

Rez-N-Lac (160), Seal-Peel (161), Stanley (171), Synvar VE (173), 171, 173, 176 

Vinac (42), Vinaplas-Lac (160), Vinymul (133), Wallpol (151) 


. Vinyl alcohol Darex (52), Elvanol (57), Gelvatol (164), Lemol (27), Midland (113), 2, 27, 42, 46, 52, 57, 65a, 113, 
Moviol (65a), Resgrip (2), Resyn (123), Vinol (42), 3 M (115) 115, 123, 139, 143, 160, 164 


. Vinyl butyral resins Amercoat (4), Arcco (27), Armorcote (16), Bakelite (21), Butacite (57), 4, 16, 18, 21, 27, 28, 40, 43, 46 
Butvar (164), Calvinac (106), Compo (43), Cordobond (46), Corogard 50, 51, 57, 80, 82, 84, 94a, 99, 
(115), Dispersite (124), Goodrich, B.F. (82), Gordon-Lacey (84), Indusol 103, 106, 107, 113, 114, 115, 
(94a), MCW (114), Midland (113), Perma-Skin (50), Placco (27), Pro- 124, 139, 142, 143, 147, 148, 
tectophene (142), Rand (149), Reslac (27), Spraylat (169), Stanley 149, 150, 153, 160, 164, 159, 
(171), Vy King (51) 171, 176, 179a, 183 


Vinyl! chloride resins | Ace-Flex (9), Ameran (82), Amercoat (4), Ampcoflex (19), Arcco 27), 2, 9, 11, 12, 14, 16, 178, 18, 21 
Armosol (16), Associated Rubber (yay Avaloid (98), Bakelite Gi} 27; 27a, 28, 29, 38, 39, 40, 43 
Breon (29), Calvinac (106), CD (39), Chemiflex (1738), Chem-O-So 46, 50, 53, 54, 60, 61, 62. 65, 
(40), Compo (43), Cordobond (46), Corrocote (38), Corvel (122, 144), 65a, 66, 68, 70, 79, 80, 81, 82, 
Corvic (93), Cyclon (120), Diamond PVC (53), Dow Latex (54), Elastol 83, 84, 93, 94a, 95, 98, & 
(60), Epocast (60), Exon (68), Farrington (66), Firestone Latex (68), 103, 106, 107, 112, 113, 118, 
Geon (81), Goodrich, B.F. (82), Gordon-Lacey (84), Hostalit (65a), 120, 122, 123, 124, 131, 154 

















Inceloid (12), Indusol (94a), Kotol (124), Marvinol (124), Miccrosol 139, 142, 143, 144, 145, 
(112), Midland (113), Opalon (118), Osco (131), Parcloid (134), Pee 148, 149, 153, 154, 155, 
Vee Cee (19), Peel-Kote (120), Perma-Skin (50), Placco (27), Plastrip 158, 160, 161, 163, 168, 
(145), Pliovic (83), Polyco (27), Polyprene (95), P-T-I (145), Resinite 171, 172, 173a, 176, 179 
(27a), Reslac (27), Resyn (123), Reynosol (155), Seal-Peel (161), 183, 184 

Stanley (171), Sterilkote (28), Tool-Dip (142), Tygon (179), Vichrome 
(95), Vinaplas Lac (160), Vinaplex (172), Vinrex (154), Vinyl Grip (2), 
Vygen (79), Vy King (99), Westoflex (184), Wilflex (70), Welvic (93) 


*Code for solvents: A = Alcohols; C = Chlorinated hydrocarbons; E = Esters; F = Furan; G = Glycols; H = Aromatic hydro 
I = Aliphatic hydrocarbons; K = Ketones; N = Nitrohydrocarbons; W = Water emulsions; WA = Aqueous alkali. 











MODERN PLASTICS ENCYCLOPEDIA 








RESISTANCE SUITABILITY FOR USE 
RATINGS IN COATINGS 


SOLVENTS OR ; its ai TYPICAL USES OF COATINGS 
DISP ERSING P ‘ MADE FROM PLASTIC BASE 
AGENTS® INDICATED ON OPPOSITE PAGE 


Alkalies 

Water 

Solvents 
Leather 
Ceramics 


Wood 





Cc, E,H,K,N, W Concrete paint, electrical insulation and jackets, emul- 
sion paints, floor covering, leather finish, linings for 
chemical equipment, paper coatings, protective coat- 
ings for pipes, valves, tanks, plating racks, wire 
products, fans, pumps, and electroplating equipment 
Textile coatings. Protective coatings for rubber (e.g. 
tires, heater and brake hose, radiators, ignition wires 
etc.) 


QO © | Concrete 


_K,W 


ico) 
m 
>) 


moO 


Modifying agent for drying oils 
Corrosion-resistant coatings, aircraft finishes 


mmo 
zimom =5m 





Hail 3 7mO 
z/mI7 Of 


7 


Electrical insulation, floor varnish, leather dressings, 
wood sealer 





o 
ico) 
7 
ico] 


Electrical insulation, heat resistant coatings, waterproof 
treatments, glass sizing for laminating 





Heat resistant coatings, chalk-resistant 
maintenance paints, alkali-resistant enamels 





Weather and water resistant finishes, maintenance paints 





Calking, coating asbestos paper, coating glass fabrics, 
gaskets, insulating sealants 





Adhesive sizing, concrete enamels, delustering, 
detackifier, electric insulation, finishing, stiffening. 
glass coating, label varnish, leather finish, solvent 
coating, rubber compounding, floor wax finishes 





-iC,H,LK,W Concrete enamels, corrosion-resistant paints, interior- 


exterior latex paints, fabric coatings and sizings, 
paper coatings, rubber compounding 





Decorative coatings, decorative over-finishes, 
electrical insulation, furniture, high gloss paper, 
toys 





H,I 
C,H,1,N,W 


Interior and exterior paints 





Hot melts, laminating, rubber compounding, sealing, 
waterproofing 





C,. Bie t Architectural finishes, exterior fabrics (canvas), 


floor covering, industrial finishes, metal furniture, 
printing inks 





Automobiles, cap liners, collapsible tube coatings, 
furniture lacquers, kitchen and hospital equipment, 
refrigerators, textile finishing, venetian blinds 





Anti-corrosive, solvent-resistant finishes, abrasion 
and impact resistant finishes, high dielectric coat- 
ings, solderable wire enamels, high-gloss marine 
finishes, flexible rubber coatings, tank linings, 
concrete floor paints 

Decorative, fabric finishing, greaseproofing, heat 
sealing, intaglio inks, leather finish, pigmented 


and gloss paper coatings, exterior and interior 
paints 











Emulsifying, thickening, greaseproofing 





Adhesives, foil packaging, impregnating, upholstery, 
anticorrosive primers, can linings, drum coatings, 
wood sealers, strip coatings 





ee 





\C.E,F,H,LK.N,W : w1E EE ; >| Concrete vats and piping, electrical insula- 
| »H,LK,N, rE EE 3 ’ 

tion, fabric and paper coatings, food pack- 
aging, greaseproofing, lining plating baths, 
strippable coatings, anti-corrosive main- 
tenance coatings, decorative coatings, 
drum linings, product finishes, heat cast- 
ings 


= 


r drying classification: A = Air drying; B= Baking; F = Force drying 120-150°F. 
rrating: E = Excellent; G = Good; M= Moderate; F = Fair; P = Poor, 














COATINGS CHART 








TYPE OF PLASTIC BASE TRADE DESIGNATIONS OF RESINS OR COATINGS 


————, 


MANUFACTURERS Or 
SUPPLIERS OF RESins 
OR COATINGS 
(See list belou 
for key to numbers 





54. Vinyl chloride-acetate 
resins (higher chloride 
types) 


Airstrip (142), Ameran (82), Amercoat (4), Arcco (27), Armorhide (16), 
Avabid (98), Bakelite (21), Breon (29), Carboline (33), CD (39), 
Compo (43), Cordobond (46), Corogard (115), Cerrocote (38), Corvic 
(93), Coverlac (169), Duraline (168), Elastomer (60), Epocast (60), 
Exon (68), Farrington (66), Flexbond (42), Gordon-Lacey (84), 
Hostalit (65a), Inceloid (12), MCW (114), Metagrip (2), Midland (113), 
Nubelyn (80), Parcloid (134), Perma-Skin (50), Placco (27), Plastrip 
(145), Polyco (27), Rand (149), Reslac (27), Resyn (123), Reynosol 
(155), Stanley (171), Tygon (179), Vinaplas-Lac (160), Vulcabond 
(10), Vy King (51), Zerok (19), No. 210 Sealer (78b) 


2, 4, 10, 12, 14, 16, 18, 19, 21, 
27, 28, 29, 33, 38, 39, 40, 42, 
43, 46, 50, 51, 60, 65a, 66, 68, 
70, 74, 80, 82, 84, 93, 94a, 9, 
99, 103, 106, 107, 113, 114, 
115, 123, 134, 139, 142, 143, 
145, 147, 148, 149, 153, 155, 
160, 168, 169, 171, 176, 179, 
179a, 183 





. Vinyl chloride- 
vinylidene chloride 
copolymers 


Ameran (82), Amercoat (4), Arcco (27), Avaloid (98), Breon (29), Carboline 
(33), Corograd (115), Corrocote (38), Duraline (168), Geon (81), Goodrich 
B. F. (82), Inceloid (12), Indusol (94a), Midland (113), Perma-Skin (50), 
Placco (27), Polyco (27), Rand (149), Reslac (27), Resyn (123), Saran 
(54), Seal-Peel (16), Vinapl@s-Lac (160), Vinol (42), Wilflex (70) 


4, 12, 14, 27, 28, 29, 33, 38, 
42, 50, 54, 57, 70, 80, 81, 82, 
94a, 98, 99, 107, 113, 123, 139, 
143, 147, 148, 149, 153, 160, 
161, 168, 176, 183 





. Vinyl ether resin Oppanol C (129), PV1 (76), PVM (76), Prestix (2) 


2, 14, 76, 129, 153 





. Vinyl formal resins Formvar (164) 


80, 99, 160, 164 





. Vinyl pyrrolidone resin PVP (76) 


76 





. Vinylidene chloride— 


Arcco (27), Corogard (115), Goodrich, B.F. (82), Placco (27), Reslac 
acrylonitrile resins 


(27), Resyn (123), Saran (54), Dura-Line (168), Vulcabond (10) 


9, 10, 19, 22, 27, 54, 80, 82, %, 


115, 123, 139, 147, 153, 168 





. Waxes (paraffin, micro- 


crystalline, etc.) Warco (182) 


Aristowax (137), Mekon (182), Multiwax (137), Reswax (27), 


10, 14, 27, 57, 80, 99, 116, 137, 
147, 182 





61. Zein (soluble protein) Argo (47) 





47, 147 








“Code for solvents: 


A= Alcohols; C = Chlorinated hydrocarbons; E = Esters; F = Furan; G= Glycols; H = Aromatic hydrocarbons; 


I= Aliphatic hydrocarbons; K = Ketones; N = Nitrohydrocarbons; W = Water emulsions; WA = Aqueous alkali. 


LIST OF MANUFACTURERS AND SUPPLIERS OF COATINGS AND RESINS FOR COATINGS* 


. Acme Resin Corp., 1401 Circle Ave., Forest Park, Ill. (C) 
. Adhesive Products Corp., 1660 Boone Ave., New York 60, N.Y. (C) 
. Alkydol Laboratories, Inc., 3242 S. 50th Ave., Cicero 50, Ill. (R) 
Allied Chemical Corp., Plastics and Coal Chemicals Div., 40 Rector St., New York 6, 
N.Y. 
. Amercoat Corp., 4809 Firestone Blvd., South Gate, Calif. (C) 
. American Agile Corp., P.O. Box 168, Bedford, Ohio (C) 
. American Alkyd Industries, Broad and 14th Sts., Carlstadt, N. J. (C) 
. American-British Chemical Supplies, Inc., 180 Madison Ave., New York 16, N.Y. (R) 
. American Cyanamid Co., 30 Rockefeller Plaza, N.Y. 20, N.Y. (R) 
. American Hard Rubber Co., New York 13, N.Y. (C) 
. American Latex Products Corp., Hawthorne, Calif. (C) 
. American Lucoflex Inc., 500 Sth Ave., New York 36, N. Y. (C) 
. American Products Manufacturing Co., New Orleans, La. (C) 
. Amoco Chemicals Corp., Chicago 80, Ill. (R) 
. Angier Adhesives, Div. of Interchemical Corp., 120 Potter St., Cambridge 42, Mass.(C) 
Applied Plastics Co., Inc., 130 Penn St., El Segundo, Calif. 
. Aries Laboratories, Inc., 270 Park Ave., New York 17, N. Y¥. (C) 
Armitage and Co., John L., 245 Thomas St., Newark 5, N.J. (C) 
. Arrow Lacquer Corp., 208 Dupont St., Brooklyn 22, N.Y. (C) 
Associated Rubber & Plastic Corp., Bronx 51, N. Y. 
Atlas Coatings Corp., Long Island City 1, N. Y. (C) 
. Atlas Mineral Products Co., Mertztown, Pa. (C) 
. B B. Chemical Co., Cambridge, Mass. 
. Bakelite Co., Div. of Union Carbide Corp., 30 E. 42nd St., New York 17, N.Y. (R) 
. Bee Chemical Co., Logo, Inc., Div., 2933 South Stony Island Ave., Chicago 33, I11.(C) 
. Belding Corticelli Industries, Chemicals Div., 1407 Broadway, New York 18, N. ¥.(C) 
. Biggs Co., Inc., Carl H., Los Angeles 64, Calif. (C) 
. Bischoff Chemical Corp., Iworyton, Conn. (C) 
Booty Resineers, Inc., 112 Jefferson St., Newark, Ohio (C) 
Boray Mfg. Co., 11434 S. Downey Ave., Downey, Calif. 
. The Borden Chemical Co., Div. of The Borden Co., 350 Madison Ave., New 
York 17, N. Y¥. (R, C) 
The Borden Chemical Co., Resinite Dept., Sante Barbera, Calif. and No. Andover, 
Mass. (R) 
28 Bradley and Vrooman Co., 2629 S. Dearbom St., Chicago 16, Ill. (C) 
British Geon Ltd., London S.W. 1, England (R) 
30, British Resin Products Ltd., London S.W. 1, England (R) 
31. Brutier Products Co., Inc., Secaucus, N. J. 
32, Canadian Industries Ltd., Montreal, Canada (R) 
33. Carboline Co., 32 Hanley Ind. Ct, St. Louis 17, Mo. (C) 
34. Cargill, Inc., Vegetable Oil Div., 200 Grain Exchange, Minneapolis 15, Minn.(R,C) 
35. Ceilcote Co., 4832 Ridge Road, Cleveland 9, Ohio (C) 
36. Celanese Corp. of America, Plastics Div., 744 Broad St., Newark 5, N. J.(R, C) 
37. Celanese Corp. of America, Textile Div., P.O. Box 1414, Charlotte, N.C. (R) 
38 Chemical Coatings and Engineering Co., West Chester Pike, Edgemont, Pa. (C) 
39. Chemical Development Corp., Danvers, Mass. (C) 
40, Chemical Products Corp., E. Providence 14, R. L (C) 
40@ Churchill Chemical Co., 3137 E. 26th St., Los Angeles, Calif 
41. Ciba Co., Inc., Plastics Div., Kimberton, Pa. (R) 
42. Colton Chemical Co., Div. Air Reduction Co., 1747 Chester Ave., Cleveland 14, 
Ohio (R) 
43. Compo Chemical Co., Inc., Boston 54, Mass. (C) 
. Cook Paint & Varnish Co., P.O. Box 389, Kansas City, Mo. (C) 
. Copolymer Chemicals, Inc., 12350 Merriman Road, Livonia, Mich. (C) 
. Corde Chemical Inc., 34 Smith St., Norwalk, Conn. (C) 
. Corn Products Sales Co., New York 4, N. Y. (R) 


* This 
(R), and 
involves’ the 


sources of 
prepared from 
organic solvents, 


chart includes information on 
sources of protective 


addition of 


coatings 
water or 
stabilizers, etc. 


film-forming materials for 
the film-forming materials, 
plasticizers, 


48. Crownoil Chemical Co., Inc., Long Island City 1, N. Y. (R) 

49, Custom Coatings Co., Los Angeles 34, Calif. (C) 

50. Dennis Chemical Co., 2701 Papin St., St. Louis 3, Mo. (C) 

51. Devoe & Raynolds Co., Inc., P.O. Box 328, Louisville 1, Ky. (C 

52. Dewey and Almy Chemical Co., Div. of W.R. Grace and Co., Cambridge 40, Mass. 

53. Diamond Alkali Co., Cleveland 14, Ohio (R) 

54. Dow Chemical Co., The, Midland, Mich. (R) 

55. Dow Corning Corp., Midland, Mich. (R) 

56. L. A. Dreyfus Co., S. Plainfield, N. J. (C) 

57. E. L du Pont de Nemours and Co., Wilmington 98, Del. (R, C) 

58 Durez Plastics Div., Hooker Electrochemical Co., North Tonawanda, N.Y. (F 

59. Eastman Chemical Products, Inc., Kingsport, Tenn. (R) 

60, Elastomer Chemical Corp., 212 Wright St., Newark 5, N. J. (C) 

61. Electro-Technical Products Div., Sun Chemical Corp., 113 E. Centre St 
Nutley 10, N. J. (C) 

62. Elm Coated Fabrics Co., 261 Fifth Ave., New York 16, N. Y. (C) 

62a Emerson & Cuming, Inc., 869 Washington St., Canton, Mass. 

63. Enjay Co., Inc., 15 W. Sist St., New York 19, N. Y. (R) 

64. Epoxylite Corp., 10829 E. Central Ave., El Monte, Calif. (C) 

65. Eronel Industries, 12607 Cerise Ave., Hawthorne, Calif. (C) 

65a Farbwerke Hoechst AG, vormals Melster Lubigs & Bruning, F Fm, Hoechst, G 

66. Farrington Texol Corp., 2000 Main St., Walpole, Mase. (C) 

67. Federal Chemicals Corp., Brooklyn 11, N. Y¥. (C) 

68 Firestone Plastics Co., P. O. Box 690, Pottstown, Pa. (R) 

68a Firestone Synthetic Rubber & Latex Co., 481 W. Wilbeth Rd., Akron, Ohi 

69. Firestone Tire and Rubber Co., Akron, Ohio (R) 

70. Flexible Products Co., P. O. Box 306, Marietta, Ga. (C) 

71. France, Campbell and Darling, Inc., Kenilworth, N. J. (R) 

72. Fuller Co., H. B., St. Paul 2, Minn. (C) 

73. Fuller and Co., W.P., P.O. Box 3727, Los Angeles 54, Calif. (C) 

74. Furane Plastics, Inc., 4516 Brazil St., Los Angeles, Calif. (R, ( 

75. Garland Co., 3800 E. 91st St., Cleveland, Ohio (C) 

76. General Aniline and Film Corp., New York 14, N. Y. (R) 

77. General Electric Co., 1 Plastics Ave., Pittsfield, Mass. (R) 

78 General Mills, Inc., Chemical Div., P.O. Box 191, Kankakee, Ill. (&, 

78a General Plastics Corp., 1400 N. Washington, Marion, Ind. 

78b General Plastics Mfg. Co., 3481 S. 35th St., Tacome 9, Wash. 

79. General Tire and Rubber Co., The, Akron 9, Ohio (R) 

80. Glidden Co., 900 Union Commerce Bidg., Cleveland 14, Ohio (C) 

81. B. F. Goodrich Chemical Co., 3135 Euclid Ave., Cleveland 15, Ohio (8 

82. B. F. Goodrich Co., Industrial Products Div., Akron 8, Ohio (C) 

83. Goodyear Tire and Rubber Co., Inc., Chemical Div., Akron, Ohio (K 

84, Gordon-Lacey Chemical Products Co., 57—02 48th St., Maspeth 78, N.Y. (C 

85. Grand Rapids Varnish Corp., Grand Kapids 2, Mich. (C) a 

86. Griffin Chemical Co., Div. of Nopco Chemical Co., 1141 S, 14th St., Richmon- 

87. H & R Industries, 344 E. Walnut St., Nazareth, Pa. (C) 

88. Harwick Standerd Chemical Co., Akron 5, Ohio (R) 

89. Hercules Powder Co., Wilmington 99, Del. (R) 

90. H ite and Chemical Co., 822 S. 14th St., Manitowoc, Wis. (C) 

91. Hooker Electrochemical Co., Niagare Falls, N. Y. (R) 

92. Houghton Laboratories, Inc., Olean, N. Y. (R, C) 

92a Hyben Plastic Fabrics, Inc., 201 E. 146th St., New York 51, N. Y 

93. Imperial Chemical Industries Ltd, London S.W. 1, England (R) 

94, O. G. Innes Corp., 82 Wall St., New York 5, N. Y. (R) 

94a Industrial Solvents & Chemicals, Inc., Wilkonsville, Mass. 

95. Interchemical Corp., Finishes Div., 67 W. 44th St., N. Y., N.Y. (¢ 

96. Irvin, Jewell, and Winson Co., 17 E. 3rd St., Dayton, Ohio (Cc) 





compounding protective 
indicated by (C). 
defoamers, detackifiers, thickeners, 


coatings, indic 
Compounding sv 


colorants, antioxidants 
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RESISTANCE 
RATINGS 


SUITABILITY FOR USE 
IN COATINGS 








SOLVENTS 
OR 


DISPERSING 
AGENTS® 


Alkalies 


TYPICAL USES OF COATINGS 
MADE FROM PLASTIC BASE 
INDICATED ON OPPOSITE PAGE 





| Solvents 
| Fabrics 
0) Plastics 


1 


F,H,K,N,W 


'0| Ceramics 
tm] Concrete 


Collapsible tube coatings, fabric and paper 
treatments, lining storage tanks, protec- 
tion of steel against weathering and cor- 
rosion, strippable packaging, wire coat- 

ing, automobile sealers, decorative coat- 
ings, drum linings, product finishes 





C,E,F,H,K,W 


Food packaging, greaseproofing paper, 
finishes, strippable packaging 





A,C,E,H,K,N,W 


Additive in chlorinated rubber paints 





A,C,F,H,N 


Wire coating, can linings, drum coatings, 
anti-corrosive primers 





A,C,G,H,K,N,W 


Dispersing and emulsifying agent, glass 
coatings, inks, leveling pigment 





Artificial leather, cap liner, chemical resist~- 
ance, greaseproofing paper 





*|Paper coatings for food packaging, beverage 
containers, cheese wrappers, collapsible 
tubes, laminated paper 





4A,C,G,W,WA]F P 











MGGMF - E M E 


G G F E F |Cork binding, greaseproofing, pharmaceutical 


tablet coating 








‘ode for drying classification: 
Code for rating: E = Excellent; 


A = Air drying; 


B = Beking: F = 
G = Good; M= = 


Moderate; Fair; 


Force drying 120-150° F. 
P = Poor 


LIST OF MANUFACTURERS AND SUPPLIERS OF COATINGS AND RESINS FOR COATINGS* ( Cont.) 


. Irvington Chemical Div., Minnesota Mining and Mfg. Co., 500 Doremus Ave., 
Newark 5, N. J. (C, R) 
Jamestown Finishes Inc., Jamestown, N. Y. (C) 
. Jones-Dabney Co., 1481 S, 11th St., Louisville 8, Ky. (R, C) 
. Keystone Refining Co., Philadelphia 37, Pa. (C) 
1, Koppers Co., Inc., Chemical Div., Pittsburgh 19, Pa. (R) 
. Krylon, Inc., Norristown, Pa. (C) 
. Lacquer Specialties, Inc., 249 Ave. P, Newark 5, N. J. 
. Lawrence Adhesives and Chemical Co., Lawrence, Mass. (C) 
Lebec Chemical Corp., 14066 S. Garfield Ave., Paramount, Calif. (C) 
— Chemicals Co., Div. of Reinhold Engineering and Plastics Co., 
2 . Imperial Highway, Norwalk, Calif. (C) 
Loven podem of California, Newhall, Calif. (R, C) 
. Magic Chemical Co., Brockton, Mass. 
. Marblette Corp., 37—21 30th St., Long Island City, N. Y. (R) 


110, Marbén Chemical Div., Borg-Warner Corp., Gary, Ind. (R) 
lll, McCloskey Varnish Co., 7600 State Rd., Philadelphia 36, Pa. (C) 


Michigan Chrome and Chemical Co., Detroit 13, Mich. (C) 
Midland Adhesive and Chemical Corp., Detroit 20, Mich. (C) 
. Midwestern Color Works, 3134 California St., N.E., Minneapolis 13, Minn. (C) 
. Minnesota Mining and Manufacturing Co., Detroit 2, Mich. (C) 
Minnesota Mining & Mfg. Co., Jersey City Chemical Div., P.O, Box 469, 
sey City 3, N. J. (R) 
hell Rand Mfg. Corp., 51 Murray St., New York 7, N. Y. (C) 
bay Chemical Co., Pittsburgh 34, Pa. (R) 
\-Rez Div., American Petrochemical Corp., 3134 California St., N.E., 
neapolis 18, Minn. 
nsanto Chemical Co., Plastics Div., Springfield 2, Mass. (R) 
istein, H., and Co., Inc., New York 17, N. Y. ¢ 
ray Products, Inc., Cleveland 11, Ohio (C) 
rmco Resins and Coatings Co., 600 Victoria St., Costa Mesa, Calif. (C) 
nal Polymer Products, Inc., 125 N. Fourth St., Reading, Pa. (C) 
nal Starch Products, Inc., Resin Div., 270 Madison Ave., N. Y. 16, N.Y. (R,C) 
Naugatuck Chemical Div., U.S, Rubber Co., Elm St., Naugatuck, Conn. (R, C) 
lle Chemical Co., Pittsburgh 25, Pa. (R) 
ort Industries Co., Div. of Heyden Newport Chemical Corp., 342 
ison Ave., New York 17, N. Y. (R) 
Nikolas and Co., Inc., Bellwood, Ill. (C) 
» Chemical Co., Inc., Harrison, N. J. (R) 
“hemical Corp., New York 14, N. Y. (C) 
», Inc., 1100 Pontiac Ave., Cranston 10, R. L (C) 
Sealer and Chemical Corp., 2019 S. Broadway, Dayton 9, Ohio (C) 
Osborn Co., 1301 W. Blancke St., Linden, N. J. (R) 
ey Products, Inc:, New York 19, N. Y. (C) 
id Chemical Co., 31 Cross St., Midland Park, N. J. (C) 
n Corp., 7847 W. 47th St., Lyons, Ill. (C) 
sylvania Industrial Chemical Corp., Clairton, Pa. (R) 
leum Specialties, Inc., New York 17, N. Y. (R) 
ps Chemical Co., Bartlesville, Okla. (R) 
e and Stevens Chemical Corp., 710 Ohio St., Buffalo 3, N. Y. (C) 
irgh Plate Glass Co., Paint Div., 1 Gateway Center, Pittsburgh, Pa.(C) 
s Engineering Co., 1607 Geele Ave., Sheboygan, Wis. (R) 
Resins, Sun Vailey, Calif. (C) 
er Chemical Co., Cincinnati 12, Ohio (C) 
enco, Inc., 2150 Fairmont Ave., Reading, Pa. (C) 
acts Research Service, Inc., New Orleans, La. 
acts Research Co., 3126 Los Feliz Bivd., Los Angeles, Calif. 


information on sources of 
coatings prepared 
organic solvents, 


chart includes 
sources of protective 
the addition of water or 
ts, etc. 


plasticizers, 


NGS CHART 


film-forming materials for 
from the 


film-forming materials, 
colorants, 


145. Protective Treatments, Inc., 420 Dellrose Ave., Dayton 3, Ohio (C) 

146. Prufcoat Laboratories, Inc., Cambridge 42, Mass. (C) 

147, Pyroxylin Products, Inc., Chicago 32, Ill. (C) 

148. Raffi and Swanson, Inc., Wilmington, Mass. (C) 

149. Rand Rubber Co., Brooklyn 16, N. Y. (R) 

150, Randolph Products Co., Carlstadt, N. J. (C) 

151. Reichhold Chemicals, Inc., White Plains, N. Y. (R) 

152. Ren Plastics, Inc., 3179 S. Cedar Rd., Lansing 4, Mich. (C) 

153. Research Sales, Inc., 20 Fourth Ave., Hawthorne, N. J. (C) 

154. Rexton Finishes, Inc., 62 Woolsey St., Irvington 11, N. J. (C) 

155. Reynolds Chemical Products Co., Ann Arbor, Mich. (C) 

156. Rohm & Haas Co., Resinous Products Div., 222 W. Washington Sq., 
Philadelphia 5, Pa. (R) 

157. Rubber and Asbestos Corp., Bloomfield, N. J. (C) 

158. Rubber Corp. of America, Latex and Chemical Div., New South Road, 
Hicksville, Long Island, N. Y. (R, C) 

159. Schenectady Resins Div., Schenectady Varnish Co., Inc., P.O. Box 1046, 
Schenectady 1, N. Y. (R, C) 

160. Schwartz Chemical Co., Inc., New York 23, N. Y. (C) 

161. Seal-Peel, Inc., 775 Stephenson Hwy., Royal Oak, Mich. (C) 

162. Semet-Solvay Petrochemical Div., Allied Chemical & Dye Corp., 4 Rector St 
St., New York 6, N. Y. (R) 

163. Servwell Products Co., 6541 Euclid Ave., Cleveland 3, Ohio (C) 

164. Shawingian Resins Corp., P.O. Box 2130, Springfield 2, Mass. (R) 

165. Shell Chemical Corp., 380 Madison Ave., New York 17, N. Y. (R) 

166. Sherwin-Williams Co., 101 Prospect, Cleveland 1, Ohio (R, C) 

167. Silicones Div., Union Carbide Corp., 30 E. 42nd St., New York 17, N. Y. (R) 

168. Soc-co Plastic Coating Co., 13216 Laureldale Ave., Paramount, Calif. (C) 

169. Spraylat Corp., 1 Park Ave., New York 16, N. Y. (C) 

170, Standard-Toch Chemicals, Inc., Staten Island 3, N. Y. (C) 

171. Stanley Chemical Co., East Berlin, Conn. (C) 

172. Sullivan Chemicals Div., Sullivan Varnish Co., 420 Hart St., 

173. Synvar Corp., Wilmington 99, Del. (R) 

173a Technicraft, 1156 Commonwealth Ave., Boston 34, Mass. 

174. Tennessee Eastman Co., Kingsport, Tenn. (R) 

175. Thiokol Chemical Corp., 780 N. Clinton Ave., 

176. Thompson & Co., 1085 Allegheny Ave., Oakmont, Pa. (C) 

177. Truscon Leboratories, Inc., Detroit 11, Mich. (C) 

178. UBS Chemical Corp., Cambridge 42, Mass. (R, C) 

178a Union Carbide Chemicals Co., Div. of Union Carbide Corp. 
New York 17, N. Y. (R) 

179, U. S. Stoneware Co., Akron 9, Ohio (C) 

179a Vacuum Coatings, Wilkinsonville, Mass. 

180, Varcum Chemical Corp., Packard Rd., Niagera Falls, N. Y. (R) 

181. Velsicol Chemical Corp., 330 E. Grand Ave., Chicago 11, Ill. (R) 

182. Warwick Chemical Co., Div. of Sun Chemical Corp., 10—10 44th Ave., 
Island City 1, N. ¥. (R) 


183, Watson-Standard Co., 225 Galveston Ave., Pittsburgh 30, Pa. (C) 
184. Western Coating Co., Royal Oak, Mich.; Pasadene 1, Calif. (C) 
185. Westinghouse Electric Corp., P. O. Box 1017, Pittsburgh, Pa. (C) 
186. G. A, Wharry & Co., Inc., 95 Broad St., New York 4, N. Y. (R) 
187. Witco Chemical Co., 122 E. 42nd St., New York 16, N. Y. (R, C) 
188. John H. Witte & Sons, Burlington, lowa (R) 

189, Woodmont Products Co., County Line Rd., Huntingdon Valley, Pa. 
190. Wyandotte Chemicals Corp., Wyandotte, Mich. (R) 

191, Wm. Zinsser and Co., 516 W. 59th St., New York 19, N. Y. (R) 


Chicago 22, [11.(C) 


Trenton 7, N. J. (R) 


, 30 E, 42nd St, 


Long 


coatings, indicated by 
Compounding 
thickeners, 


compounding protective 
indicated by (C). 
defoamers, detackifiers, 


usually 
antioxidants, 





Fibers Chart 





PROPERTIES* 


Dimensions of fibers 
1. Continuous length 


Staple length, in. 


Width, microns 
Specific gravity at 25°C. 


Tensile properties at break 
Tenacity 21°C. and 65% R.H., g./denier 


» Tensile strength at 21°C. and 65% R.H., 


p.s.i. 


Wet, percent of strength at 21°C., 65% R.H. 


Ultimate elongation at 65% R.H., percent 
Recovery from strain” 
. Strain, percent 


Recovery, percent 


Modulus of elasticity 
Static method,® 10!° dynes/cm, ? 


Static method, * g-/denier 


Velocity of sound method,* 10!° dynes/cm. ? 
4 


Velocity of sound method,* g. /denier 
4 
Stiffness, average, g./denier 


Toughness index, ® g.-cm. /denier cm. 


+ 


. Moisture regain at 21°C., 65% R.H., percent 
+ 


Swelling in water,” percent 
+ 
Refractive index 


Epsilon! 
. Omega! 


Dielectric constant’ 


Effect of age 
Effect of heat, °F. 


Softening temperature, OF, 


Effect of sunlight, prolonged exposure 


Resistance to moths! 


Resistance to mildew™ 
Effect of strong acids 
Effect of weak acids 


Effect of strong alkalies 
Effect of weak alkalies 


Effect of organic solvents 


33. Dyes used 


ACETATE 
Regular 


Yes 


9/16 to 7 


11-73 
1, 30-1. 35 


1,1-1.4 
18,000-23,000 


| 


1.473 


— 


TRIACETATE 


SAPONIFIED ACETATE 
(Arnelyt r 


¢ 





CUPRAMMON! UM 
F ortisan' | Fortisan-36 RAYON 





Yes 


Any std. commercial 



































3.5-5.2 20.4-24.5 | 
35-45 is2-183 | 


——EE————VEE 


+4 





3.8 at 60 cy. (0% R.H.) | 
5.0 at 60 cy. (50% RH.) _ 


Virtually none 


Becomes sticky 350 to 375 


375-400 
Melts at 500 


Loss of tensile strength 
No discoloration 


Not attacked 


Resistant 
Decomposed 


Dissolved by certain weak 
organic acids, such as 
acetic 


Saponified 


Little or no effect for 
short periods; cold. Sapon- 
ification on long standing 
or hot. 


Insoluble in dry cleaning 
solvents generally; swol- 
len or dissolved in ace- 
tone, ethyl acetate, many 
ketones and esters, 
glacial acetic acid, 
phenol, and some chlo- 
rinated solvents. Softened 
in alcohol 


Dispersed acetate dye- 
stuffs; selected vats and 
azo colors; some acid 
and basic dyes; pigment 
dyes; solvent (swelling) 


4.1 at 60 cy. (dry) 
|__3.7 at 10° cy. (dry) | _ 


Virtually none 





| Virtually none 


Similar to cotton 
' — 
Scorching resistance 
exceptionally high; 86% | 
of original strength re- | 
tained after 11 days’ 


exposure at 302 
a 


Similar to cotton Decomposes 300 


burns readily 


Non-heat-treated sof- 
tening point as meas- 

ured in terms of safe 
ironing temperature 

365. Heat-treated 465- 

| 462°, molting point $72.| _ 
Highly resistant under 
glass; unprotected sun- 
light exposure some- 

what less. 


Similar to cotton Loss of tensile 


Not attacked 


Not attacked Not attacked 


Highly resistant; es- 
sentially undamaged by 
12-wk. soil burial test 


5 eee eatin 


Similar to cotton Attacked 


—-—__—— 4 a 


Degraded 


Disintegrated by 
hot dilute or cold 
concentrated 


Decomposed 


Unaffected by dilute Resistant 
solutions of weak 


Similar to viscose 


q ei oe EEN GAR mR ER 
Slowly saponified; only | Swelling and mercerization; 
slightly affected at low | loss of strength in hot conc. | 
temperatures (mercer- 


Swelling and loss 
of strength 





Little or no effect at Little effect 
9.5 pH at 200°F. un- 

der normal scouring 

conditions 


Unaffected by dry 
cleaning solvents; 
swolien by acetone, 
other ketones and tri- | 
chloroethylene. Soluble 
in methylene chloride 


Little effect if 
dilute 


Resistant Resistant 


t + 
Dyes used for cotton; direct 
colors, sulfurs, naphthols, 

and vat dyes 


Selected dispersed 
“acetate’’ dyestuff; de- 
veloped azo colors; se- 
lected sulfur and vat 
colors; solvent 


viscose rayon 





dyeing 





(swelling) dyeing 








J Trade mark, see page 623 
* Footnotes are on page 623 
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VISCOSE RAYON 
Hr 
Medium tenacity | High tenacity 


Regular 


NYLON 
Continuous filament 


] High tenacity 


POLYTETRA- 
ZEIN FLUORO- 
(Vicara)* ETHYLENE” 
(Teflon) 





2 ——Ee 


'000-47,000 47,000-58,000 


14-54 


15-30 





11-43 


4 


Yes 


1.14 





.5-6.0° 


65,000-88,000 88,000- 128,000 





11,5-16.6 





45-82 


1,547 
1,521 


Slight yellowing 
Does not melt; decomposes 
350-400; burns readily 


Loss of tensile strength 


Not attacked 
Attacked 


Similar to cotton 
Strength deterioration on prolonged contact or hot 


Swelling and loss of strength 


No effect cold; reduced strength 
hot or on prolonged contact 


Resistant 


Acid (for tinting only); basic; 
direct; vat; naphthols; sulfur 


—_——. 





ets. 


None 


Becomes sticky at 400-455 


Melts at about 415-480 
(Nylon 66 melts at 482) 


Some loss of strength. No discoloration 


Not attacked 


Not attacked 
Disintegrated by conc. mineral acids 
Generally good resistance 
Virtually none 
None 


Unaffected by dry cleaning solvents. 
Soluble in some phenolic compounds 
and in conc. (90%) formic acid 


Disperse and acid are usually preferred, 


but most other classes are also used 





No Yes 
Various 


1/2 to 6 


15-41 
1,25 


1, 20-1,50 1.6 
. + catenin + . 
20,000-24,000 47,000 


Decomposes 
deteriorate at above 
350 525 


478-482 


Slow deterioration 
and loss of 
strength 


Resistant attacked 


Resistant attacked 


Resistant attacked 


Very resistant attacked 


Resistant attacked 


Very resistant attacked 


Resistant attacked 


May be steined 
by acetate 
colors 


All usual types, 
including both 
acid and wool 
dyes and 
alkaline dyes 











‘ 


Trade mark, see page 623. 
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PROPERTIES* 


POLYESTER (Dacron)' 


Filament 


Regular | High tenacity 


VINYL 
CHLORIDE- 
VINYL 
ACETATE 
Staple 


a CHLORIDE RESIN 
) 


aron 


Continuous ] 


Mono filaments 
: multifilaments | 





Dimensions of fibers 


Continuous length 
Staple length, in. 


Width, microns 


Specific gravity at 25°C. 


Tensile properties at break 


Tenacity 21°C. and 65% 
R.H., g./denier 

Tensile strength at 21°C. 
and 65% R.H., p.s.i. 

Wet, percent of strength 

at 21°C., 65% R.H. 
Ultimate elongation at 65%. 
R.H., percent 

Recovery from strain‘ 
Strain, percent 


Recovery, percent 


Modulus of elasticit 
Static method,* 10!° 
dynes/cm. ¢ 


Static method,*© g./denier 


Velocity of sound method, ¢ 


101° dynes/cm. 2? 


Velocity of sound method,®* 


e./denier 


Stiffness,‘ average, 
g./ denier 


Toughness index, 
g.-cm./denier cm, 


Moisture regain at 21 C., 
65% R.H., percent 


Swelling in water,” 
percent 


Refractive index 
Epsilon! 


Omega’ 


Dielectric constant 
Effect of age 


Effect of heat, °F. 


Softening temperature, © F 


Effect of sunlight, 
prolonged exposure 


Resistance to moths! 
Resistance to mildew” 


Effect of strong acids 


f weak acids 


of strong alkalies 


»f weak alkalies 


t of organic lvents 


' 
Trade mark, see page 623. 


*Footnotes are on page 623. 


81,000-88,000 


Yes 


21 
1, 38 


4.6-5.0° 6,.0-7.0 3.8-4.4 
106,000- 124,000 
100 100 | 100 


10-13 36-42 


0.37 
0.4 


Virtually none 


3.8 at 60 cycles (dry) 
None 


Resistant to degradation by heat 
Melts at 480 


Sticks at 455 


Some loss of strength. No discoloration. 
Much more resistant behind glass than in 
direct sunlight 


Not attacked 
Not attacked 


Very resistant to most mineral acids. 
Disintegrated by 96% sulfuric 


Virtually none 


Resistant when cold. 
Disintegrated at boil 


Good resistance 


Generally unaffected. 
Soluble in some hot phenolic compounds 


Disperse, azoic, and vat with carrier 
or at high temperatures 


67,000-78,000 


lto 5 
16-18 


“1,331.36 
0. 6-0, 7 
10,000- 12,000 
100 


10-13 


None 


Melts at 260 
Does not burn 


Softens at 170 


Not attacked 
Not attacked 
Stable 


Stable 
Stable 


Stable 


Soluble in ke 
tones and some 
chlorinated 
hydrocarbons; 
swells and 
softens in 
ethers, esters, 
aromatic hydro- 
carbons, diox- 
ane, propylene 
oxide. 


Dispersed dyes 
with aid of cer 
tain swelling 
agents; solvent 
methods; pig- 
ment dyeing. 


Yes Yes 


100-1300 35-100 


1.70 + .05 .70 + .0S 

1.1-2.9 Up to 2 
25,000-60,000 to 44,000 
100 100 


20-35 15-25 


10 K 10 


+ 
95(5 min.) .5| 93 

(5 min.) 
i 


+ 


10 


.165-. 265 





1.60-1.63 
1.60-1.63 
3.0-5.0 at 60 cy., 1ke., 1 m 


Slight 


Strength loss occurs at 160-2 


Shrinks at 160-250 if not under 
restraint; softens at 240-28 


Darkens slightly 


Not attacked 
Not attacked 
Stable 


Stable 


Stable to most; 
limited resistance to ammoni 


Stable 
Swelled or softened by oxygerbea 
solvents (cyclohexanone, dioxane) at 
elevated temperatures 


Colored 
before 
extrusion 


Colored before] Col 
extrusion. fore « 


Selected 
acetate type | acet 
dyestuffs |} dy 


| 
| Se 
| 
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— 


ACRYLICS 





__Dynel? 


Staple 


Orlont 


+ 


Acrilan’ Creslan' | Acrylast' 








Staple 


Filament 





Staple vine Staple | 


erie: 


POLYETHYLENE 
Monofilaments 


High-density 








1-1, 4 to 5 or tow 


Ratio of width to 
thickness 





1-1/8 to 4-1/2 


— 


No 


~ 1.5-5.0 and tow 





|1.25-4. 


Oendtow| 





14-274 


15-30 16. 5-21.5 








Virtually none 


Shrinks at 250 un- 
less stabilized at 
higher temp. 
Strain release 
ccurs above 240 
inless fiber is 


stabilized 


Some loss of 
tensile strength 


Not attacked 
Not attacked 
Very resistant, 

except to: 
25% chromic 
70% nitric 
96% sulfuric 


4 
Little or no effect 
= 


1.14 





~~ 33,000-44,000 ‘| 


T 
} 


— _— 
Very high resist- 


Very resistant, ex- | 


ept to high conc. 


f NaOH above 70% 
- + 


Not attacked ‘ 


+ 
renerally resistant 


but dissolved by 
acetone, partially 
solved by highe 
ketones, aniline, 
and ethylene 
dichloride. 


Acetate, acid, 
lirect, basic 

and some vat 
lyes. 


FIBERS CHART 


r 


2.3-3.0* 


| 
— 


EE 


100 


—— 7. —_ 10 . | 


——++-—___________ 
|20,000-35,000 | 42,000-47,000 


1.37 a 


aeRO 


2.5-2.8 


95 








sisis™ 








- - 4 

None 
Resistant to 

degradation by heat 


Sticks at 455-480 


ance to sunlight 
deterioration 


Not attacked 

Not attacked | 
Very resistant to 
most mineral acids. 
Disintegrated by 
96% sulfuric 


Resistant when cold. 
Disintegrated at boil 


Good resistance 
Unaffected by 
common solvents 


— = 


Cationic, disperse, 
acid (copper tech- 
nique), and selected 
vat and naphthol. 


p— 


48 at 60 cycles (dry) | 


Virtually none | Little or no effect 


67 | g1.5\61| 45° | 


EE 








1. 24-1.59 


Very slight 


Slight 


1.522 


L517 | 

4 PB. 2 ao 1.521 a 
3.1 at 103 cycles 
2.8 at 106 cycles 

be 


Virtually none Virtually none None 


Shrinks | — 
5% at 487 | 
10% at 511 | 

Sticks at 475. | 4a5bd 


Negligible Slight y dllowing, 
No loss of 
strength. 


Very resistant 


~ Not attacked Not attacked | Not attacked 
Not attacked 


Resistant 


Resistant Good 


resistance 


Some loss of 
strength and 
yellowing 


ee 


+ 


3.4 at60cycles 40 at cycles; 


none No effect | 





. —____—___ 
Virtually none 
1.538 


— 


Virtually none 


jelongation unaffect 


—+— 


| Exposure over 
|300 causes 
stiffening and 
{discoloration. 
| Excellent 
resistance 


‘Not attacked = 


Excellent 
resistance 
{| at high con- 
centration. 


Some loss of 
tenacity; some 
discoloration. 





= - 
0.92 | 0.94-0.96 


— 


4.2-8.0 


1.0-2.7 | 
11,000-33,000| 50,000-96, 000 
= 


100 


20-100 


(oriented) 


2.3 at 1 ke. 
and 1 mc.‘ 


Virtually none at 
room temp. 


|Shrinks at 180 Will pot egpport com-|5% Ta 1-4% shrink at 


at 165 160; 5-10 % 


shrink at 212 
Softens at 
40-250 


Melts at 
| 250-270 


Some loss of tensile 
for clear; much less 
for pigmented. 
No darkening 
Not attacked 
Not attacked 
Very resistant 


Melts at 
230-250 











Very resistant 
Very resistant 





None 


Unaffected by 
common sol- 
vents. 


Good resistance | Slight yellowin 
Insoluble in benzene 
acetone, petroleum 
ether, ethyl alcohol 
dichloroethane, car | 
bon tetrachloride, 
solvent naphtha, 
dioxane and others 


Acid, chrome, pre- "| Acid metalized, Pigmented 
metallized, acetate, neutral metalized, | before extru- 
basic, and vat. chrome, disperse, pata 
Ordinary dyeing | acetates, selected | 





procedures used. [arocte. and basics, 


7 = 





yi se 
‘rade mark, see page 623. 


Warmastel [ay cena” 


No effect 
dry-cleaning 
solvents or most 
organic chemi- 
cals other than 
acrylic-type 

solvents. Dis- 
tsolves in warm 
acetone. 


Neutral dy eing 
| premetallized, 
| dispersed (ace- 
|tate), and basic 








+ - —— — 
Pigmented before extrusion. 











hed cationic. 


as Very resistant 
Soluble above 160 °F. 
in some solvents 








PROPERTIES 


COTTON 


— 


ASBESTOS 





. Dyes used 


Dimensions of fibers 
. Continuous length 


. Staple length, in. 
. Width, microns 
. Specific gravity at 25°C. 


Tensile properties at break 
. Tenacity 21°C. and 65% R. H., g./denier 

a <tc chions Mea A acti 
. Tensile strength at 21°C. and 65% R. H., 
p.s i 


. Wet, percent of strength at 21°C., 
65% R.H. 





Ultimate elongation at 65% R.H., percent 


Recovery from strain> 
. Strain, percent 
. Recovery, percent 


Modulus of elasticity 
Static method, 1019 dynes/cm. 2 


. Static method,* g./denier 


. Velocity of sound method,® 1010 
dynes/cm. 2 


Velocity of sound method,® g./denier 
. Stiffness,’ average, g./denier 
. Toughness index,® g.-cm./denier cm. 


. Moisture regain at 21°C., 65% R. H., 
percent 


. Swelling in water,” percent 


Refractive index 
. Epsilon! 
. Omega! 


. Dielectric constant 


EE 


Effect of age 


Effect of heat, °F. 


. Softening temperature, °F. 


Effect of sunlight, prolonged exposure 


. Resistance to moths! 


. Resistance to mildew™ 


Effect of strong acids 


Effect of weak acids 


Effect of strong alkalies 


. 


= 


——— © 


oe 


+ 


— 


- —_— 





. Effect of weak alkalies 


Effect of organic solvents 


| 


— —_ —_ — —— 


No 


1/2 to 2-1/2 


400 to 
1300 yards 


No 


Yes 


No 





Yes 


1-1/2 to 15 


Up to 18 


Up to 3/4__ 





12-20 


1,50-1.55 


2. 1-6.3 


42,000- 125,000 


4+- 


9-11 


10-70 





1.25-1.35 





2.85.2 


1,281.33 


5-10 





 .. 


7.7 





45,000-83,000 





17,000- 28,000 


250,000-315,000 


200,000-400 ,000 





EEE 


75-95 


76-97 


99 


90- 100 





13-31 


20-50 








i 


20 











92 


33 








5. 7-11.2 


af 








5.1 








44 





ee 





3.9 





0.25 





17.0 





32-38 





1.591 


1556 


1.55 t 0.01 





1.538 


1.547 


1.55 + 0.01 





4.2 at 500 ke., 
4 mc., 10 mc. 


4.2 at 13 mc. 
500 ke., 120 ke. 
4.8 at 20 ke. 
5.4 at 8 kc. 


6.3 at 60 cy. 
6.3 at 1 mc. 
5.8 at 10 mc. 
5.6 at 37 mc. 





Virtually none 


Slight yellowing; 
slight loss of 
tensile 


[ 


Slight yellowing, 
slight loss of 
tensile 


None 





Yellows at 248 
Decomposes at 
302 (5 hrs.) 


1% shrinkage | Decomposes 266 


at 350 


Scorches 
Chars 


400 
572 


No loss at 475 
50 % loss at 685 


Very little up 
to 900 





| 


1380-1550 


Melts at 
2770 





| Loss of tensile; 


tendency for 
whites to yellow 


Loss of tensile 


strength 


Loss of tensile. 
Dyeing affected 


None 


None 





Not attacked 


May be attacked 
but less than 
wool 


Attacked 


Not attacked 


Not attacked 





Attacked, 
especially if 
sized 


Not usually 
attacked 


May be attacked 
but more resist. 
than cotton 


Not attacked 


Not attacked 





Disintegrated 
by hot dilute 
or cold conc. 


Dissolved 


Destroyed by 

hot sulfuric; 

resistant to 
others 


Attacked by 
hydrofluoric 
and 
hot phosphoric 


Affected 





Stable if cold; 
strength deter 


ioration if hot 


Swelling and 
mercerization 


Little effect 


Resistant 


—+—__—__ 


- goon 


Moderately 
resistant 


Resistant 


Stable 


Resistant 





Dissolved 


Attacked 


Attacked 


Resistant 





Attacked if hot 


Attacked if hot 


Attacked if hot 


Resistant 





Resistant 


Resistant 


Insoluble 


Insoluble — 





Basic, direct, 
mordant, 
sulfur, vat, 
naphthols 





Acid, basic, 
direct, mordant, 
naphthols, vat 





Acid, basic, 
direct, 
mordant, vat 





Resin bonded 
pigments; also 
other dyes used 
on coated fibers 
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Synthetic Fibers’: Manufacturers’ and Trade Names 


Acetate 
Avisco. American Viscose, 1617 Penn- 
syivania Blvd., Philadelphia 3, Pa 
Celanese, Celaperm, Celacloud, Cela- 
fil, Celaire, Type F and Type K. 
Celanese Corp. of America, 180 
Madison Ave., New York 16, N. Y. 
DuPont acetate. E.I.du Pont de Nemours 
& Co., Inc., Wilmington 98, Delaware. 
Teca, Estron, Chromspun. Estron and 
Chromspun Acetate Fiber, Eastman 
Chemical Products, Inc., Kingsport, 
Tennessee, 


Triacetate 
Arme!. Celanese Corp. of America, 180 
Madison Ave., New York 16, N.Y. 


Rayon, Saponified Acetate 

Fortisan, Fortisan—36, Celanese Corp. 
of America, 180 Madison Ave., New 
York 16, N. Y. 


Rayon, Cuprammonium 
Bemberg, Matesa, American Bemberg, 
261 Fifth Avenue, New York 16, New 
York. 


Rayon, Viscose 

Avisco. American Viscose Corp., 1617 
Pennsylvania Blvd, Philadelphia 3, 
Pennsylvania, 

Briglo, Englo, Enka, Jetspun, Perlglo, 
Skyloft, Suprenka, Tempra, American 
Enka Corp., 530 Fifth Ave., New York 
16, N. ¥Y~ 

Celanese Corp. of America, 180 Madi- 
son Ave., New York 16, N.Y. 

Cordura, Super Cordura. DuPont rayon. 
E.L duPont de Nemours & Co., Inc., 
Wilmington 98, Del. 

Covingtone, Suede-Skin, Spun-Black, 
Superwind, Dul-Tone, Spun-Lo, Tyron, 
Nupron, Premier, Covinair, Lektroset. 
Industrial Rayon Corp., Union Com 
merce Bldg., Cleveland 1, Ohio. 

Narco, Hi-Narco, Super-Narco, Semi- 
Dul, Xtra-Dul. North American Rayon 


Corp., 261 Fifth Ave., New York 16, 
N.Y. 


Newbray, Newdull, Newlow. New Bed- 
ford Rayon Div., Mohasco Industries, 
Inc., Box 908, New Bedford, Mass. 

Veri-Dul. Skenandoa Rayon Corp., 261 
Fifth Ave., New York 16, N.Y. 


Nylon 

Chemstrand nylon. Chemstrand Coprp., 
350 Fifth Ave., New York 1, N.Y. 

Dawbarn nylon. Dawbarn Brothers, Inc., 
Waynesboro, Va. 

DuPont nylon. E.L duPont de Nemours 
& Co., Inc., Wilmington 98, Delaware. 

Enka, Nylenka. American Enka Corp., 
206 Madison Ave., New York 16, N.Y. 

Firestone nylon monofilament. Firestone 
Plastics Co.; Div. of Firestone Tire 
and Rubber Co., Pottstown, Pa. 

Industrial Rayon Corp. nylon. Industrial 
Rayon Corp., 500 Fifth Ave., New 
York 36, N.Y. 


Polyester 
Dacron. E. L duPont de Nemours & Co., 
Inc., Wilmington 98, Delaware. 


Zein 
Vicara. Virginia-Carolina Corp., Fiber 
Div., Taftville, Connecticut. 


Polytetrafluoroethylene 
Teflon. E. 1. duPont de Nemours & Co., 
Inc:, Wilmington 98, Del. 


Vinyl Chloride-Vinyl Acetate Resin 

Vinyon HH. American Viscose Coprp., 
1617 Pennsylvania Blvd., Phile 
delphia 3, Pa. 


Vinylidene Chloride Resin 

Bolta saran. Bolta Products, Div. of 
The General Tire and Rubber Co., 
Lawrence, Mass. 

Dawbarn saran. Dawbarn Brothers, Inc., 
Waynesboro, Virginia 

Lus-Trus  saran. Southern Lus-Trus 
Corp., 1048 Escambia St., Jackson- 
ville, Fla. 

National saran. National Plastics Prod- 
ucts Co., Odenton, Maryland. 


Velon. Firestone Plastics Co., Potts- 
town, Pennsylvania. 

Saran. The Saran Yarns Co., Odenton, 
Maryland, 


Acrylic 

Acrilan. Chemstrand Corp., 
Avenue, New York 1, N. Y. 

Acrylast, Dawbarn Brothers, 
Waynesboro, Va 

Boltathene. Bolta Products, Div. Gen- 
eral Tire and Rubber Co., Lawrence, 
Mass. 

Creslan. American Cyanamid Co., 30 
Rockefeller Plaza, New York 20,N.Y. 

Dynel. Union Carbide Chemicals Co., A 
Div. of Union Carbide Corp., 30 East 
42nd St., New York 17, N.Y. 

Orlon. E, 1. du Pont de Nemours & Co., 
Inc., Wilmington 98, Delaware. 

Verel. Eastman Chemical Products, Inc., 
260 Madison Ave., New York 16, N.Y. 


350 Fifth 


Inc., 


Polyethylene 

DLP. Dawbarn Brothers, Inc., Waynes- 
bora, Virginia. 

Firestone. Firestone Plastics Co., Box 
690, Pottstown, Pennsylvania. 

Reevon. Reeves Brothers, Inc., 54 Worth 
Street, New York 13, N.Y. 

Wynene. National Plastics Products 
Company, Odenton, Maryland. 


Glass 
Fiberglas. Owens-Corning Fiberglas 
Corp., Textiles Division, 16 East 
56th Street, New York 22, N.Y. 
Garan, Vitron. L-O-F Glass Fibers Co., 
1810 Madison Avenue, Toledo 1, Ohio. 
Modiglass. Modigliani Glass Fibers, 
Inc., 70 Pine St., New York 5, N.Y. 
Pittsburgh PPG. Pittsburgh Plate Glass 
Co., Fiber Glass Division, One Gate- 
way Center, Pittsburgh 22, Pa. 
Unifab, Uniformat, Unirove. Ferro Cor 
poration, Fiber Glass Division, Fiber 
Glass Road, Nashville 11, Tennessee. 





a... 
This 


physical 


compilation of the principal 
and chemical properties of the 
commercially important textile fibers was 
originally prepared for the Modern Plastics 


Encyclopedia by Harris Research Labora- 
tories 


Rs ept as otherwise noted, all values 
for elastic recovery were obtained at 20 °e, 
and 65% relative humidity; rate of loading 
10 g./denier/min.; duration of action of load 
30 sec.; recovery time 60 sec. 


“Except as otherwise noted, all values 
static method were obtained under the 
nditions described in footnote (b). 


lesting conditions not reported. 
values by the velocity of sound 
were obtained in air-dry condition. 
‘ness (resistance to deformation) is 
of breaking stress to breaking strain, 
here P is the stress in grams per 
required to produce rupture and E is 
train im centimeters per gauge centi- 
breaking stress. 
hness (the ability to absorb work), 
ed as a toughness index, is the work 
(denier and length) or weight of 


FIBERS CHART 


material which would cause rupture if the, 
stress-strain curve were a straight line: 
PE/2. 


» veiues pertain to cross-section area in 
crease, essentially equivalent to volumetrié 
swelling. 


* Index for light vibrating parallel to the 
long fiber axis. 


Jindex for light vibrating perpendicular 
to the long fiber axis. 


1 Many materials are subject to attack by 
moths if they contain edible finishes. 


™ Resistance of yarns and fabrics to mil- 
dew depends in many cases upon the nature 
of the finishing materials used. 


"Rate of loading 1 g./denier/ minute. 


° Stretched: rate of loading 7.5 g./derm 
ier/min.; duration of action of load 40 sec.; 
recovery time 60 sec.; stabilized: rate of 
loading 4 g./denier/min.; duration of action 
of load 45 sec.; recovery time 60 sec. 


P Measurements made on uncrimped tow. 


VBased on circular cross-sections. 
lon’’ has ‘‘dog-bone’’ cross-section. 


“Or 


* Nylon and ‘‘Dacron’’ measured on Single 
End ‘‘Suter’’ Tester. ‘‘Orlon’’ measured on 
“*TP-4"" (16 g./d./min.). 

§ Recovery against no load, samples 
loaded and load released immediately, re- 
covery within 60 seconds (75°F., 65% R.H.). 

**Instron’’ Tester, 10% per min. rate of 
elongation (75°F., 72% R.H.). 

Vn /20°C. = 1.530 obtained on pressed 
disk of ‘*Vinyon’’ N resin Birefringence 
could not be detected in this manner. 

Y Where executive offices and plants have 
different locations, the addresses listed are 
for the executivé offices. 

- Fiber in experimental production only. 

*Stiffness determined at yield point. 


¥ Determined on film, 


Instron Tester, 73°F. and 50% R.H. 
elongation rate 100% of gage length of fiber 
per minute, 


**instron Tester, 73°F. and 50% R.H. 
elongation rate 1%, duration of action of 


load 30 sec.; immediate recovery. 


be err melting block technique. 





Laminates Chart 





PROPERTIES*® 


DIALLYL PHTHALATE 
LAMINATES 


POLYESTER LAMINATES 





Glass 
fabric 


base 


Glass 
fabric 
base 


Cotton 
fabric 


base 


Glass 
mat 
base 


| Paper | Cotton 


base 
| 


base 


VULCAN! ZED 
FIBRE 
(in general, 
low thick 
nesses give 





a 3 
2. _Laminating pressure, p.s. i. 


1. _Laminating temp., 


3. Specific gravity, D792 


4 
Specific volume, cu in. per Ib., D792 


. Tensile strength, D638, P.S. i, 


> Modulus of elasticity in tension, 
D638, 105 p-8.i. 


° Compressive ‘strength, _ D695, P-S-i. 


. Modulus of elasticity in compression, 


D695, 105 p. 8.i. 
. Flexural strength, D790, p.s.i. 


q Modulus of elasticity in . flexuwe, 
D790, 105 p.s.i. 


. Shear strength, D732, p-s.i. 


. Modulus of f elasticity in st shear, - 
105 p-S.i. 
‘ Bearing strength, D953, p-s.i. 


. Impact strength, Izod, D256, 
ft.- lb. per in. of notch 





. Bond strength, , D952, Ib. 


. Hardness, Rockwell, D785_ 


° Thermal conductivity, C177, 
10~ 4 cal, sec. / /sq em./1°C./cm. 


4 Specific heat, cal. per °C, per gm. 


' Thermal expansion, D696, 1075 per 


°c. 


200-300 R. T.-300 


R. T.-300 


180-250 | 


180-300 


high values) 








__ 10-1500 10-50 





10-150 


0-10 


0-10 











1.38 1.5-2.1 


L519 


1.2-1.5 


1.2-1.4 


0.9-1.5 





20.1 18. 5-13.2 


18,5-14.4 


23.0- 18.5 


23.0-19.7 


30.0-18.5 _ 








10000-24000) 





10-19 


6100- 14300 





7000-9000 


5000-12000 





8-12 


+ 


8-12 


1 








30000- 50000 


19700-25000, 23000-24000 


20000-30000 








00 12000-17000) 3 30000-63000 | 





15000- 35000 


12800-23500) 


13000-18000 
——- 





t—- 





- 20-30 | 


t a 
| 17800- 20000] 14000-14700 12000-18000 


es es eee 





~M100-M110 | 8 


10-18 | 


8-13 





T 

| 

+ autine 
ee 

i 

i 


12000-20000 





M70-M105 | 


1000 


RSO- R100 








20. Resistance to heat (continuous),> ° F. 








21. Heat distortion temp., D648, °F. 





22. Insulation resistance (96 hr. at 90% 
R.H. and 35°C.), D257, megohms 


23. Volume resistivity (50% R.H. and 
25 °C.), D257, ohm-cm. 





24. Dielectric strength, short-time, 
1/8-in. thickness, D149, volts per m 


25. Dielectric strength, step-by-step, 





1061012 





mil | 


250-600 





1/8-in. thickness, D149, volts per | mil 


26. ‘Dielectric strength, step-by-step, 
ut to lamination, KV/in. 


27. Dielectric constant, "60 cycles, “D150 


28. Dielectric constant, 


200-450 








40-75 





4348 | 


5.1 


a —— 


T 
| 


$2 





103 cycles, piso | 





29. Dielectric ‘constant, 106 cycles, D150 | 


30. ‘Dissipation factor, 60 cycles, D150 


31. Dissipation factor, "103 cy cycles, D150 


32. Dissipation factor, 106 cycles, D1 D150 | 
pe —— 


33. Are resistance, D495, sec. 


34. Water absorption, 24 hr., 
1/8 in. thickness, D570,% 


35. ‘Burning rate, D635 


36. Effect of sunlight * 


37. Effect of weak acids, DS43_ 


38. Effect of of strong ng acids, , D543 


4.0-4.7 


3.0-4,2 





0.005-0.05 


0.1 





0.005-0.04 





+ —E + 


| 0.007-0.04 


0.03 


0.03-0.04 


—  0.03-0.08 





80-120 
+ 


| 10-150 


28-75 


70-85 


"110-150 





. . 0.3-0.9 


$$$ —_ 


| 0.31.0 


1.5 


1.3-1.6 


18-65 





- Slow to nil 


| Slow to nil 


Moderate to 
self-extinguishing 


Slow 





Nil Nil 


| Agpeos. nil | 


| Aggees. nil 


Slight darkening 


Slight ; 





None None 


me | None 2 


None 


rT None 


None 


Embrittled 
by some 





= Slight 


Decompose s| Some attack 


Some attack 


Some attack 


Some attack 


| 
| Embrittled_ 





39. Effect of weak alkalies, D543 


| None None | _ Slight 


Slight 


Slight 


Slight 


Swells 





ffect of st D543 


Slight “Attacked | Attacked 


Attacked 


Attacked 


Attacked 


Swells 





40. Effect | of strong alkalies, 
41. Effect of organic solvents, D543 


None None Generally nil 


Generally nil 


Generally nil 


Generally nil 


None 





42. Machining qualities 


. 
—— 
| Fair Good Fair 








Good 





Excellent 








Excellent 


Good to 
excellent 





43. Trade designations (see list of 
manufacturers on page 628 fos 
key to numbers) 


44. Manufacturers (See list on page 628 
for key to numbers) 


Conolite (6), Dilecto (7), Dryply (13), Formica (14), Gillfab (16), Glastic (17), 
Tolyte (35), Insurok (31), Kevinite (37), Lamidall (42), Micarta (40), 

Panelyte (28), Phenolite (25), Repcoboard (33), Sunform (9), Swedlow (37), 
Synthane (38), Trevarno (4), Tropiglas (33), Wallfab (16), Zenaloy (40) 


Diamond (7), 
Duroid (32), 
Nationa! ( 25), 
) Peerless (25), 
Spaulding (36), 
Taylor (39), 
Vulcoid (7), 
een 





4, 6, 7, 9, 10, 13, 14, 16, 17, 20, 


25, 28, 


33, 35, 37, 


38, 40, 42, 43 


7, 25, 
38, 41 


32, 3 
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PHENOL- FORMALDEHYDE LAMINATES 





~ Cellulose 


paper 
base 


Cotton 
web 
base 


Nylon 
fabric 


base 


Glass 
fabric 
base 


Asbestos 
fabric 
base 


Asbestos 


paper 
base 





275-350 


275-350 


275-325 


275-350 


300-350 


300-350 





1000- 1800 


1000- 1800 


1000- 1800 


50-2000 


1000-1800 


1000- 1800 





1, 281.40 


1.31-1.37 


L15-1.19 


L418 


155-180 


165-1. 83 





-21.8-19.7 


21 1-20.2 


24.0-23. 2 


19. 7-15.4 


17.8-15.4 


16,8 15.1 





8000-20000 


14000- 16000 


5000-9500 


9000-30000 


10000-12000 


5000-15000 





8-20 


611 


3.6 


10-20 


3.515 





32000-47000 


28000- 36000 


40000-65000 


30000-40000 


40000 





48 


7 


5 

















+——_+—++ 





~ 





1.0-2.5 


1.42.5° 


2.0-4.0 


4.0-10.0 


3.5-5.0 


0.7-1.9 





1200-2500 


1000- 1600 


1000-1500 


800- 1600 


1500-2200 


600-2000 





M70-M120 


M90-M115 


M100-M110 


M100-M110 


M105-M110 


M70-M115 


M90-M110 





L8 


21-2.3 


L418 


4.6 








0,380.41 


0. 35-0. 38 


0. 23-0. 27 


0. 2-0.4 





1.43.0 


1.8-3.2 


4 


1.5525 





0.6 Il, 6.5 II 





225-250 


225-250 


165 


250-300 


150-200 





250-> 320 


> 320 


165 


> 320 


> 320 





35-1,000,000 


10-5000 


30000-500000 


25-500 


0. 25-335 





1010.39 13 


10 10.1012 


7x 1013 


25 x 1010 





~ 300-1000 


150-600 


360-600 


300-900 





260-800 


120-440 


300-450 





15-70 


10-60 


40-100 


30-50 


425 





4.57.5 


5.0-10 


3.7-6.0 


6.0-10,0 





4. 2-6.0 


4.2-6.5 


3.6-4.1 


4.8 


7.5 


7.0 








3.6-6.0 


5.0-7.0 


5. 5-7.0 


3. 3-4.5 


3. 7-6.0 


5.5-7.0 


5.2 





0.02-0. 10 


0.04-0.50 


0. 10-0.5 


0.02-0.06 


0.01-0, 10 





0.03-0,07 


0.04-0.09 


0.01-0.02 


0.015-0.017 


0.06-0. 10 


0. 15-0. 20 





0.02-0.08 


0.05-0. 10 


0.06-0. 10 


0.015-0.040 


0.0 1-0.05 


0. 10-0. 15 


0.08-0. 14 





Tracks 


Tracks 


Tracks 


Tracks 


Tracks 


Tracks 


Tracks 





0, 2-4.5 


0.8-2.0 


1,2-1.6 


0, 15-0.35 


0.3-1.5 


0.325 


0.420 





z Very low 


Very low 


Very low 


Slow 


Nil 


Approx. nil 


Approx. nil 


























Lowers surface resistance and general darkening 
None to slight depending on acid 








Decomposed by oxidizing acids; reducing and organic acids none to slight effect 
Slight to marked depending on alkalinity and grade 
Attacked by strong alkalies unless a special alkali-resistant resin is used 
None on bleed-proof materials 














Fair to excellent 


Fair to good | 





Aqualite (25), Capac (3), Celoron (7), Consoweld (5), Decarlite (8) Dilecto (7), Farlite (12), Formica (14), 
Gillfab (16), Hi-Den (29), Insurok (31), Lamicoid (22), Micarta (40), Nelco (26), Nevamar (24), Norplex (27), 
Ohmoid (41), Panelyte (28), Phenolite (25), Pregwood (14), Resilyte (2), Ryertex (34), Spauldite (36), 
Sunform (9), Swedlow (37), Synthane (38), Taylor (39), Tensilite (19), Textolite (15), Trevarno (4) 





2, 3, 4, 5, 7, 8, 11, 12, 14, 15, 16, 18, 19, 22, 24, 25, 26, 27, 28, 29, 31, 34, 36, 37, 38, 39, 40, 41, 43 





LAMINATES CHART 








PROPERTIES® 


EPOXY | 
LAMINATES 
Glass Cellulose 


fabric paper 
base base 


— 





MELAMINE-FORMAL DEHYDE LAMINATES 





Cellulose Cotton Asbestos Glass 
paper or 


paper fabric fabric fabric 


base base b base 
ase 





1. Laminating te temp., oP, 


2. Laminating f pressure, _P.S-i. 


$$ ___—__—_— 


3. Specific gravity, D792 





——-—— -—_--+4 


——— 


4. Specific volume, cu. in. per lb., D792 


270-320 260-320 270-320 270-300 





1000-1800 1000-1500 1000-1800 1000-1800 








1,40-1,.55 1,35-1.5 1,75-1.85 1,82-1,.98 





16, 3-14.5 





5. Tensile strength, D638, p.s.i. 


19, 1-17.8 20, 5-18.5 15. 8-14.9 15, 2-13.9 





33000-50000 | 19000 
) _| 19000 _ 





6. Modulus of elasticity in tension, 
7 D638, 105 p. 8.i. 


10000-25000 9000-19000 6000-12000 | 25000-40000 





25-35 





7. Compressive Strength, _ D695, psi. 


- 10-19 16-22 20-25 








8. Modulus of elasticity in compression, 
D695, 105 p.s.i, 


33000-46000 | 27000-50000 











9. Flexural strength, D790, _P.S. iv 


10. Modulus ry elasticity in flexure, 
D790, 105 p.s.i. 


| 


- ———_$—$— Se ———+ 
1L. Shear strength, D732, p.s.i. | 17000- 
a Perens. Ai eet ae Aha rene ——— 


12. Modulus of elasticity in shear, 
10 P.S. eke 


S$ 


13, Bearing strength, | D953, p.s.i, 





14. Impact strength, Izod, D256, 
ft. “Ib. per in. of notch 
































16. Hardness, Rockwell, D785 


15, _Bond strength, D9S2, Ib, 


17. Thermal conductivity, C177, 
10~¢ cal. /sec./sq. cm. /1°C, >/om 


18, Specific heat, cal. per °C. per e. 


0.51.7 - 0.75-4 





1000 1500-2500 800-1500 __ 1500-2300 1400-2000 





M110-M125 | M110-M120 | M110-M118 | M115S-M130 | M115-M125 











19, Thermal expansion, D696, 10-5 > per °C 
20. Resistance to heat (continuous), ” oF] 


21, Heat distortion temp., D648, °F. 


22 Insulation resistence (96 te at 90% 


23. Volume seciativity (50% RH and 
25°C.), D257, ohm-cm. 
24. Dielectric strength, short-time, 


1/8-in,. thickness, D149, volts per mil) 


25. Dielectric strength, step-by-step, 

__1/8-in. thickness, D149, volts per mil 

26. Dielectric strength, step-by-step, 
to lamination, KV/in, 


_250-300 
__355-375 | 275 
50000-100000 | 150000 





27, Dielectric constant, 60 cycles, ‘D1S0 o | 


28. Dielectric constant, 103 cycles, D150) 
29. Dielectric constant, 10° cycles, D150/ - 


30, Dissipation factor, 60 excles, D150 
31, Dissipation factor, 10° cycles, D150 | 


32. Dissipation factor, 10° cycles, Diso | a 


33. Arc resistance, D495, sec. 


34. Water absorption, 24 hr., 
1/ 8-in. thickness, D570, % 


35. Burning rate, D635 
36, Effect of sunlight 
37, Effect of weak acids, D543 


38. Effect of strong acids, D543 

39, Effect of weak alkalies, D543 
40. Effect of strong alkalies, D543 
41. Effect of organic solvents, D543 _ 
42. Machining qualities 


43. Trade designations (see list of 
manufacturers on p. 628 for 
key to numbers) 


+ 


44, Manufacturers (See list on p. 628 
for key to numbers) 





























300-450 


————— 
250-350 





35-55 


pce 


| 4.5-6.5 





4.55.3 





_4.2-6.0 _ 





| 4 2-7.5 





0,003-0,015 _ 

0.010-0.025 | 0,0300 
1 a 128 
| 0.05-0. 25 0.15 


“Slow 


SL light “color change 


None 
Sight 
None 
Slight 


None 
=e _ Good _ ~ Excellent 
| Dilecto (7), Formica (14), 
| Gillfab (16), Helix (1), 
Nelco (26), Norplex (27), 
Phenolite (25), Renite (44), | 
|Repcoboard (33),Sunform(9), | 
Swedlow (37), Synthane (38) 
Taylor (39), Textolite (15) 
/Trevarno (4) 


1, 4,7, 9, 10, 14, 15, 16, 25, _ 
27, 33, 37, 38, 39, 43,44 
j 


___ marked marked _ 





0.06015 | — 0. _|0,004-0.05 
0.03-0,09 _- _| 0.012-0.03 03 _|0.004-0.05 

_0.03-0.07_ | 6 0.12-0.22 | 0.011-0.025 |0.006-0.08 
—1m-17s | = ___175-200 _| __170-200 


1,0-2.0 . .0- 1, 25-2.8 




















Slight t to Slight to None 


EE 


eee ee OLS 
7 None None — | None a __None f None 
Attacked _ Attacked | None | Attacked | Attacke 


None on bleed-proof materials 











[reir [aie Foie |For | Fa 


Aqualite (25), Celoron (7), Consoweld (5), Decarlite (8), Dilecto (7) 
Farlite (12), Formica (14), Hi-Den (29), Insurok (31), Lamicoid (22), 
Lamin-Art (11), Micarta (40), Nevamar (24), Norplex (27), Ohmoid (41) 
Panelyte (28), Phenolite (25), Pionite (30), Pregwood (14), Resilyte ( 
Ryertex (34), Spauldite (36), Synthane (38), Taylor (39), Tensilite (19 
Textolite (15) 


2,3, 5,7,8, 11, 12, 14, 15, 18, 19, 22, 24, 2s, 27, 28, 29, 30, 31, 34, 36 
38, 39, 40, 41 
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TEFLON LAMINATES 


SILICONE LAMINATES 





Ceramic 
fiber 


base 


Glass 
fabric 
base 


Glass 
fabric 
base 


Asbestos 
fabric 
base 


LIGNIN 
PLASTIC 


(Laminated) 


EPOXY 
LAMINATES 
Non-woven 
continuous glass 
filament base 





430-480 


350-400 


275-365 


250-330 





30-2000 


30-2000 


2000-2500 


10 - 100 





1.6-1.9 


1.75 


1,35-1.45 


1,75-1.85 





14,6-12.8 


17,3-14,5 


15.8 


21,6-19.0 


15, 8-14.9 





1500-4000 


10000-30000 


5000-8000 


110000 





15-20 


55 





35000-46000 


80000 








9000-15000 








13 














60.8 











M100-M 108 








0, 25-0, 27 


0,217 





0.5-1.0 


0.9-2.5 





400-500 


325 





500 


350-400 





5000 to 106 


52000 





> 106 


1.6 x 1012 


3.3 x 10!3 





300-750 


200-480 


135 (% in.) 


500-700 





250-700 


150-350 


105 (% in.) 





50-70 


25-55 


36 





2.5-2.7 


2.6-2.8 


3.7-4.3 


6 (% in.) 


5.9 





2.6-2.8 


3.7-4.3 


5.6 





2.4-2.5 


2.6-2.8 


3.7-4.3 


5.4 





0,002-0,003 


0.0005 


0,0005-0,. 0055 


0.005 





0.0004 


0.0006-0. 0035 


0,007 





0.001-0,003 


0.0006 


0,00 15-0, 003 


0.018 





190 


180 


150-250 





0.5-2.0 


0.02 


0. 15-0.65 


2.5 (% in.) 


0, 05-0. 1 





Nil 


Nil 


Very low 


Nil 


Slow 


0,1 in. /min. 





Nil 


Nil 


Nil 


Nil 


Slight 


Slight 





None 


None 


None 


Very slight 


None to slight 


None 





Attacked by HF only 


Some attack 


Some attack 


Poor 


Slight 





None 


None 


Very slight 


Very slight 


Fair 


Slight 





Slight 


Slight 


Attacked 


Attacked 


Poor 


Slight 








None None Attacked by some Slight Slight 





Fair to good Good Fair | Fair Good Excellent 





Duroid (32) = Dilecto (7), Formica (14), Benelex (21) Scotchply (23) 
Gillfab (16), Lamicoid (22), 
Micarta (40), Panelyte (28), 
Phenolite (25), Sunform (9), 
Synthane (38), Taylor (39), 


Textolite (15), Trevarno (4) 





4, 7, 9, 10, 14, 15, 16, 20, 
22, 25, 28, 38, 39, 40, 43 

















LAMINATES CHART 





facturers of each type of laminate, 


such as amount of stressing, humidity, etc. 


LIST OF MANUFACTURERS AND SUPPLIERS OF LAMINATES* 


. Biggs Co., Inc., Carl H., 2255 Barry Ave., 
Los Angeles 64, Calif. 

2. Buckstaff Co., The, Oshkosh, Wis. 

3. Capac Industries, Inc., S. Main St., Capac, 

Mich, 

4. Coast Mfg. and Supply Co., Livermore, Calif. 

. Consoweld Corp., Wisconsin Rapids, Wis. 

6. Continental Can Co., Inc., 4300 N. Port 
Washington Rd., Milwaukee, Wis. 

. Continental-Diamond Fibre Co., Newark, 
Del, 

. Decar Plastic Corp., Middleton, Wis. 

. Electro-Technical Products, Div. of Sun 
Chemical Corp., 113 E. Centre St., 

Nutley 10, N.J. 

. Emerson and Cuming, Inc., 869 Washington 
St., Canton, Mass. 

. Fabricon Products, Div. of Eagle-Picher 
Co., 1721 Pleasant Ave., River Rouge 18, 
Mich.; 6430 E. Slauson, Los Angeles, 

Calif. 

. Farley & Loetscher Mfg. Co., Dubuque, Iowa 

. Flexfirm Products, 2300 North Chico Ave., 
El Monte, Calif. 

. Formica Corp., The, 4614 Spring Grove Ave., 
Cincinnati 32, Ohio 

. General Electric Co., Coshocton, Ohio 

. Gill Corp., M. C., 1418 Potrero, El Monte, 
Calif. 

. Glastic Corporation, 4321 Glenridge, 
Cleveland 21, Ohio 

. Haskelite Mfg. Corp., Grand Rapids 2, Mich. 

. J.P. Lewis Co., Beaver Falls, N.Y. 

. Lunn Industries, Inc., Oakwood Rd. & W. 
11th St., Huntington Station, L.I., N.Y. 

. Masonite Corporation, 111 West Washington 
St., Chicago, Ill. 

. Mica Insulator Co., P.O. Box 1076, 
Schenectady 1, N.Y. 


. Minnesota Mining & Mfg. Co., 900 Bush Ave., 


St. Paul 6, Minn. 
National Plastic Products Co., Odenton, Md. 


. National Vulcanized Fibre Co., Wilmington 99, 


Del. 


. New England Laminates Co., P.O. Box 43, 


Stamford, Conn. 


- Northern Plastics Corp., La Crosse, Wis. 
. Panylyte Div., St. Regis Paper Co., Enterprise 


Ave., Trenton, N.J. 
Parkwood Laminates, Inc., 24 Water St., 
Wakefield, Mass. 


. Pioneer Plastics Corp., 28 Goodhue St., 


Salem, Mass. 


. Richardson Co., The, 2747 Lake St., Melrose Park, III. 
. Rogers Corp., Rogers, Conn. 
. Russell Reinforced Plastics Corp., 4 S. 13th 


St., Lindenhurst, L. I., N.Y. 


. Joseph T. Ryerson & Son, Inc., P.O. Box 


8000-A, Chicago 80, Ill. 


. Schori Process Div., Ferro Corp., 8-11 43rd 


Rd., Long Island City 1, N.Y. 


. Spaulding Fibre Co., Inc., 310 Wheeler St., 


Tonawanda, N.Y. 


. Swedlow Plastics Co., 6986 Bandini Blvd., 


Los Angeles 22, Calif. 


. Synthane Corp., Oaks, Pa. 
. Taylor Fibre Co., Norristown, Pa.; La Verne, 


Calif. 


. Westinghouse Electric Corp., P.O. Box 868, 


Pittsburgh 30, Pa. 
Wilmington Fibre Specialty Co., New Castle, 
Del. 


. Woodall Industries, Inc., 7565 E. McNichols 


Road, Detroit 34, Mich. 


. Zenith Plastics Co., 1600 West 135th St., 


Gardena, Calif. 


. Ren Plastics, Inc., 3179 S. Cedar Rd., 


Lansing 4, Mich. 


*The values for the properties in this chart are based upon maximum and minimum figures submitted by a number of manu- 


*D numbers refer to A.S.T.M. methods. 


The manufacturers should always be consulted before making a choice of laminate. 


» The values reported for this property depend on the size and shape of the test piece and the molding conditions. The maz 


imum permissible service temperatures will vary with the formulation of the material, design of the pert, and service conditions 
Requirements for resistance to heat should be considered @ special problem. 
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PROPERTY 


in number 


sity at 
x09 GE 


rage life 
resin 


Resin content as 
ied, % 

Storage life 

f treated 


terial 


wing cycle 


Pressure, p.S.i. 
Oo. 
Temperature, F 


ime, min. 


PROPERTY 





R number 


Storage life 

f sin 

Resin content as 
applied, % 

torage life of 


treated material 


ring cycle 
Pressure, p.s.i. 


o.. 
perature, F, 
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PROPERTY 





Number 







ity at 
a 


“Orage life of resin 





ma x 
ne x Ontent as 
applied, % 
rage life of 
re / material 
“uring cycle 






Sure, p.S.1. 





perature, F. 





min. 







































SHERWIN-WILLIAMS CO., PC&C Division, 260 Madison Ave., New York 16, N.Y. 


XFR-10 


Rigid; gen- 


eral-purpose| eral-purpose | polyester | polyester | stable 
polyester polyester | polyester 
T 
500-885 1760-2270 100-150 320-400 500-885 


66-68 


Heat cure: 1 to 30 depending on the catalyst system and amount of resin. 
Room temperature cure: 5 min. to several hours depending upon conditions. 


XFR-11 AA 5289 








- l 
_ 40 F.: over 1 yr. 
No catalyst, in dark: 77°F.: on om 


| 66-68 66-68 








1% benzoyl peroxide at 77 °F. and in dark: 4 to 6 days 


Contact and up 


Room temperature to 260, depending on the catalyst system and amount of resin 
a : ai soslbinaiin 


AA 4540 AA 4544 


+ 
Rigid; gen- | Flexible | Fire-retardant | Rigid; light- | Non-air- 


66-68 | 66-68 | 66-68 





ALK YDOL 


LABORATORIES, INC.) 


Chicago 50, Ill. 


Alk-O-Flex 452 


Epoxy resin 


9850 


0-75 and up 


GENERAL ELECTRIC COMPANY, 1211 N. Olive S&., Anaheim, Calif. (see also p. 637) 


AR401 | AR403 | AR457 


3000—4000 
non-adjustable 


Glidpol Glidpol Glidpol | Glidpol Glidpol 
1001, 1005, 1017. 1018. | 1019, 1020. 1021. 
1012.General | High heat Fire semi-rigid; Acrylic 

Purpose, distortion; retardant; resilient. 

variably rigid. rigid. light 

reactive; 

rigid. | 
600— 1000 800—2200 





Unsaturated polyester resin 


2000-3000 
adjustable 


200-335 
adjustable 











No catalyst, refrigerated: indefinitely 
No catalyst, room temperature: 4 mo. (min.) 


30 to 80 


With 1% benzoyl peroxide 4 days at room temperature 


Contact to 300 (or beyond if desired) 


Matched-die molding and laminating: 230-260. 
Also room temperature cure with accelerators. 


Heat cure: 1-30 depending upon temperature and conditions. 


AR458 


200-335 
adjustable 


| AR493 


| 2000—3000 
| adjustable 


Room 


temperature cure: 5 min. to several hours depending upon conditions 


THE GLIDDEN COMPANY, 900 Union Commerce Bidg., Cleveland 14, Ohio 






Unsaturated polyester resin 


| 1500 1700 





4 to 6 months at 7 


100% reactive 


2 hours to 5 days, depending on 
catalyst used. 


Contact pressure and up. 


1-120 depending on temperature, catalysts, and resin mass. 


modified; 


stabilized. 


|} 


Room temperature to 300 =F. depe~ding on resin and catalysts. 


—— — 









LOW-PRESSURE LAMINATING RESINS CHART 


Glidpol Glidpol 
2002. 3100 
Flexible. series. 
Gel-Kote 
resins. 
100 feblonmpi 
; T 
2 hrs.- 10-60 
5 days minutes 





| TECHNICRAFT CO., 
1156 Commonwealth Ave., 


Boston 34, Mass. 


Chemiglas Casting, 
embedding 


Styrene 
polyester 
resin 
Adjustable 
No catalyst 
40 F.: >1 yr. 
77 F.: >9 mo. 


(in container) 


50-75 


1% catalyst: 10 hr. 


Contact to 200 


24-48 hr. with 1% cat.; 
30-40 min. with 1% cat. & 
promoter; 10 min. with 1% 
C & P plus infra-red or 
ultra-violet 

(small castings) 


EMERSON AND 
CUMING, INC. 
Canton, Mass. 


Eccomold L 65. Low 
elec. loss 


Cross-linked styrene 


1000 cps. 


indefinitely, 
prior to catalyst 
addition 


At least 1 wk. 


Contact and up 


150-250 


150 -F.: 4 hr. 
250 F.: 1 hr. 


Glidpol 
4000 
seric¢cs. 
Coating 
resins 
100% reactive. 


50—2000 


2 hrs.-5 days 


¢ ap able of 
air dry in 

4 hr. Cured 

at elevated 

| temp eratyres 

| (200-300 F.) 

| in 2 to 15 min. 


yueUy SUISOY Suljeulwey S4NSS9i1dg-MO"} 





PROPERTY | AMERICAN CYANAMID CO., 30 Rockefeller Ploza, New York 20, N.Y. a 


Resin number | Laminac 4101, | Laminac Laminac | Laminac Laminac Laminac Atlac 382. Atlac FP. ~ 
| 





4102, 4103, 4107 4134. 4146. 4190 Series. 4202. 4232 Chemical Fire-resista:: 
4109, 4110, 4111, Flexible Fire- Light Non-volatile 4233. resistant 

4116, 4119, 4120, resistant stabilized High heat 
4123, 4128 resistant 


General purpose | | 


Identity Styrene modified polyesters 


Dially! Triallyl Unsaturated polyester 
phthalate cyanurate resin (solid) 
modified modified 





120,000- 150,000 ~ | In 35% styrene: In 307 
8000. In 50% styrene: 
4000 


Viscosity at 200- 25,000 


ae al -_ 
| 280-275 | 350-400 150-300 

25°C... GC 

| 





| styrene: 500 


Storage life Greater than 3 months at 77 °F. Indefinite 
of resin 


Resin content as reactive 100 (as supplied) 
applied, % 
—_ re - 
From hours to days depending on catalyst formulation, type of resin and temperature Room temperature: 
of storage 1 day up to 6 mo, 


a a 


Storage life of 
treated material 


Curing cycle 


Pressure, p.s.i. From contact to 1000 or higher Contact to 100 





Temperature, F. | Room temperature to 275, depending upon catalyst and 200-300 180-500 Room to 320, depending 
| promoter used. on catalyst 





1 min. up to 30 min., de 
pending on conditions 


Time From 1 to 30 min. at oven temperatures to several hr. From 10 min. to several 
at room temperature. hours 














COL UMBIA- AMERICAN 
SOUTHERN REINFORCED 
CHEMICAL PLASTICS 
PROPERTY SPECIALTY RESINS CO., 2801 Lynwood Road, Lynwood, Calif. CORP., 1 SALES, 650 s. 
Gateway Spring St., 
Center, Pitts- Los Angeles 14, 
burgh 22, Pa Calif. 


DurOpol DurOpol — DurOpol Allyl diglycol CTL-91-LI 
109 120 19 2894 CW carbonate 





Resin number DurOpol 
104 


190°C. heat distortion 


F ire-resi stant temp. Light resi stant, Cold cure resin 


~ 
Identity Polyester- 
styrene 








Polyester Polyester- Polyester- Polyester- Allyl resin Phenolic 
styrene styrene styrene styrene 


| 

Viscosity at "2500-3200 | 900-1300 800-1200 1750-2300 600-800 19.5 at 25°C. Can be 

2°C.. cm | 6.4 at 70 °C. adjusted 
75°F., dark: 75°F., dark: 70°F., dark: 70°F., dark: No catalyst: Must be 








Storage life 70°F., dark: 
of resin >3 mo.; 105°F.,|, >4 mo.; 105°F., | >4 mo.; 105°F.,| >3mo.; 105°F., | >3 mo.; 105°F., | several months; refrigerated 
dark: 14 days | dark: 14 days dark: 14 days dark: 14 days dark: 14 days with catalyst: 
approx. 2 wk. 
snicimmeiuianiassaualibbihiailaaiia 
Resin content - | - 40 
as applied, % 





35-40 





; +--—- -- 
Storage life of | 70° F.: 36 hr. 75°F.: 24 he. 75°F.: 30 hr. 70°F.: 36 hr. Room temp.: 
treated material 100°F.: 6 hr. 105°F.: 10 hr. 100°F.: 1S hr. | 100°F.: 6 hr. approx. 2 wk. 1 mo, to indefi- 
(1% benzoyl (1% benzoyl (1% benzoyl (1% benzoyl nite. Refrigerated 
peroxide) | peroxide) peroxide) peroxide) indefinite 


Room temp. 





—_ -——_—- —_}+>—_- ——- -—— + — 
Curing cycle | 





| 70 and up, 
Pressure, p.s.i. | Contact and up | Contact and up Contact and up | Contact and up Contact and up 1-5 or vacuum 











Temperature, F. | Room temperature to 275, depending upon catalyst and promoter used. Start at 158. 260 plus 
Raise slowly postcure 
to 238. 


1/8" : 20-30 1/8": 15-20 Depends on 1/8" : 4-6 hr. 45 plus 
1/4" : 40-50 1/4" ; 30-45 temp. and 1/2" : 6&8 hr. postcure 
1/2" : 60-70 1/2": 45-75 amount of 
(at 30 p.s.i.) (contact to 50 catalyst. 
p.s.i.) 























PROPERTY CELANESE CORPORATION OF AMERICA, Plastics Div., 744 Broad St., Newark, N. J. 
Resin number MR-28V | MR-28vS | MR-30V | MR-31V | Marcothix | MR-33V | MR-36R | MR-37C | MR-40R 





MR-28C | MR-28CS MR-30C MR-31C Resins MR-33C 
MR- 28H } MR-33H 














Identity 


Unsaturated polyester resin 
a FR aaa ee eee ; 
Viscosity at | v:50 vss0 | v:30 : Thixo- | V:600 2000 2000 | 200 





S*<.. = C: 600 CS 600 cC:300 =| : tropic C: 2,000 
H: 35,000 


Storage life No catalyst, 70°F.: 6 mo. No catalyst, 70°F.: 3 mo. 
of resin 




















Resin content - 70 
as applied, % 








Storage life of _ F.: e OF.: 3 40 °F.: 40 °F.: 40 °F.: 40°F.: 1-2 wk. 
treated material x > 34 wk. 2-3 wk. 2-3 wk. 70°F.: 3-5 da. 

' ; OF: 70°F.: | 70°F.: | 70°F: 
1-2 wk. 35 da. 35 da 














Curing cycle 
Pressure, p.s.i. Contact to 100 or higher Contact to 500 








Temperature, °F. 200-320 depending on catalyst. Room temperature curing with Marco Accelerators D and E. 














Time, min 1 to 30, depending on catalyst, temperature, and pressure. 





630 MODERN PLASTICS ENCYCLOPEDIA ISSUE 






















































































































































PROPERTY INTERCHEMICAL CORPORATION FINISHES DIVISION, 1754 Dana Avenue, Cincinnati 7, Ohio 
‘esin number _ 1C-312_ | = 1C420-2_— | tc382_—| ~tc-4o1_ | 10-766 | 1-625 z. 10-636 1C+638 
oatity Standard | HV rigid, HHDT Flexible Rigid, Rigid, FR Rigid, 
ee ed general-purpose light stable | rigid ae | fast cure | Pe stant| Polyester non-volatile 
sc sosity at 2100-2700 45,000-75,000 | 2100-2700 300 | 600-700 | 2100-2700 2100-2700 45,000 
5°CS cp | a 1 
rage life of resin 60°F .: 912 mo.; 75°F.: £6 mo.; 85°F.: 23 mo. _ 
Monomer, | % Styrene 30 Styrene 22 23 _Styrene EJ Styrene 3 30 | Styrene 35 Styrene 30 | Styrene 25 DAP 
torage life of Catalyzed with 1% namange satan Room ceioanennanatal 35 oon at 100°F., > 24 hr. 


eated material 
uring cycle 
Pressure, p.S.1. 


Temperature, °F, 


Time, min, 





ewe Te wr ne D e 


Oto 


500 


Room temperature to 250, éupending on the catalyst system and amount of resin 


a senciipustincnisnmemnntineesiintiiaeaeeeaee 


1 to 3, depending on temperature, catalyst system, and amount of resin. 











PROPERTY 


oe > ~ CORPORATION FINISHES DIVISION, 


54 Dana Avenue, Cincinnati 7, Ohio 


CIBA COMPANY, IN 
Plastics Div., 
Kimberton, Pa. 





Cc., 



































Storage life of 1 resin 


60°F.: 9-12 mo.; 75°F.: 46 mo.; 


85°F.: 2-3 mo. 





Monomer, % 


Vinyltoluene 30 [| DAP [Vinyltoluene30| None | 





Storage life of 


Catalyzed with 1% benzoyl peroxide: 


at 


100° F., >24 hr. 


Room temperature: 3-5 days; 


Styrene 30 


Resin content 


room temp. 


mo. at room temp. 





0 to 500 





and amount of resin 





treated material 
. — 
uring cycle 
Pressure, p.s.i. ® 
° 
Temperature, F. 
Time, min. 





1 to 30, depending on temperature, catalyst system, 


and amount of resin. 


Room temperature to 250, depending on the catalyst system aati 








Dicyandiamide; 345 








Dicyandiamide: 30 





(with accelerator) 


At least one year 


30-35% 
| Dicyandiamide: unlimited at Tt 


Methylenedianiline: 2-3 wk. at 
room temp.; 6 mo. at 40°F, 
Diaminodiphenyl sulfone: 3 


Contact and up 
—— 


Methylenedianiline: 300 
Diaminodiphenyl sulfone: 300 


Methylenedianiline: 5-30 
Diaminodipheny! sulfone: 60 


"Resin number IC-671 IC-947 1IC-1014 IC-970 IC-990 Araldite 6005, 6010, 
___6020, 6071, 6075 | : ' 
Identity Rigid, Resilient, ® Resilient Wax Resilient, Epoxy resins 
fast cure non-volatile polyester, | resin high tensile, 
fast cure good hot strength __Dry lay-up , 
Viscosity at 8,000-11,000 60,000 900-1100 Solid 2400 Can be adjusted to suit 
S°C., CPs 





6 


Epoxy resins 


Araldite 502, 506, 6005, 


010, 6020 


Wet lay-up 
900-25,000 


_At least one year 


30-35 


Depends on hardener used 


Contact and up 


60-350 


10-60 up to 2 days 
for 60-80°F. curing 











PROPERTY 





MOL-REZ DIVISION, American Petrochemical Corp., 
3134 California St., N.E., Minneapolis 18, Minn. 

































































) content 100% reactive 
M mer Styrene 
Curing cycle 
Pressure, p.8.i. contact to 500 - 
Temp, °F, Room temperature to 250°F., depending on catalyst 





Resin Number Pleogen Pleogen Pleogen Pleogen Pleogen Pleogen Pleogen Pleogen 
1100 1102 1150 1201 1300 1405 1501 1602 
I ty Rigid, general Rig id, air- Resilient, Casting Lam inating Low cost Matched Low cost 
purpose-hand| inhibited general Resin and molding flexible metal die | semi-flexible 
layup general purpose molding 
purpose ia 
4 ae — 
Sity | 
°C., CD. 330-380 330-380 650-850 2000 2000-2500 350 2000-2500 ; 900-1200 — 
e life 6 months 6 months 6 months 6 months 6 months 4-6 months 6 months 6 months 
minimum 











2 minutes to 48 hrs., depending on catalyst system 




































































2 minutes to 48 hrs., depending on catalyst system 


PROPERTY MOL-REZ DIVISION, American Petrochemical Corp., 
3134 California St., N.E., Minneapolis 18, Minn. 
1 Number Pleogen Pleogen Pleogen Pleogen Pleogen Pleogen Pleogen Pleogen 
pare 1700 1800 1810 1812-1 1816-1 1822 1870 _ 2000 series 
Identity Rigid,high | Rigid,highly Rigid, fast-wetting Rigid, air-inhibited Extremely fast| Semi-thixotropid Rigid, thixo- Neutral and 
viscosity thixotropic thixotropic fast-wetting, |roomtemp.cure| air-inhibited, [tropic for spray} colored gel 
overlay resin hand layup thixotropic thixotropic rigid application | __coats 
Vi sity at 25°C., 45000-75000 | Grease-like 500 to 1200, 500 to 1200, 500 to 1200, | 4000 to 5000, 450 to 2000, 2000 to 12000, 
ba thixotropic thixotropic thixotropic thixotropic thixotropic thix otropic 
_Storage life 6 months 3 months 3-6 months 3-6 months 1-2 months 3 months 3-6 months | 1-3 months 
*sin content 100% reactive 
_Monomer Styrene 
C & cycle 
Ssure, p.8.i, contact to 500 ch ata 
emp. OF, Room temperature to 250°F., depending on catalyst 
, min, 





L 





V-PRESSURE LAMINATING RESINS CHART 





PROPERTY 


H. H. ROBERTSON CO., 2407 Farmers Bank Bidg., Pittsburgh 22, Pa. 


LOVEN CHEMICAL 
OF CALIFORNIA, 
Newhall, Cali‘. 





Resin number 


Identity 


Viscosity at 
25°C., cm 


Storage life 
of resin 


Resin content 
as applied, % 


Storage life of 
treated material 


Curing cycle 
Pressure, p.s.i. 


Temperature, 


Time, min. 


oF. 


ViIHDT 
rigid 

| polyester 

a 





Stypol 16B 
+ 


Stypol 25 
VHHDT 
rigid 
polyester 


. 


Stypol 4051 


Resilient 
polyester 


HHDT 
rigid 


Stypol 407 


polyester 


Stypol 405 


Rigid 
polyester 


Stypol 100S 
Light sta- 

bilized rigid 
polyester 


Stypol 12 


Flexible 
polyester 


Stypol 912 


Thixotropic 
resin for 
Rand gun 


Loven LLR 26044 
WR nt. 


Phenolic resin 





| 10,000- 
| 20,000 





3000-5000 








1500-1800 





1500-1800 


900-1200 





: >3 mo. 
: >1 yr 


30 to 60 


2000-2500 








600-900 


600 at 
30 r. p.m. 


300-500 


Room temp.: 2 mo. 








77°F.: 5 days, except Stypol 114 which is 2-3 days. 100°F.: several hr. 


Contact to 100 


<60 °F.: 5 mo. 


30-50 





<70°F.: 6 mo. 





Contact and up 





180 to 250, depending on catalyst. Room temperature cure possible with promoters. 
For best properties, low temperature gelation, followed by elevated temperature postcure 


300-350 on one side 





1/8": 3-30, depending on temperature and catalyst 


3-15, depending on 
conditions 














PROPERTY 


BRITISH RESIN PRODUCTS LIMITED 
Devonshire House, Piccadilly, London, W.1., England 





Resin number 


Identity 


Viscosity at 
28°C., Cm 


Storage life 
of resin 


Resin content as 


applied, % 


Storage life of 
treated material 


Curing cycle 
Pressure, p.s.i. 


Temperature, 


Fr, 


Cellobond 
A. 2620 
Rigid, 
general- 
purpose 


800-1200 
== 


Cellobond 
A. 2640 
Rigid, 

general- 

purpose 


1400- 1900 





| 


Cellobond | Cellobond 


A. 2623 
Rigid, 
general- 
purpose 


A. 2652 
Rigid, 
general- 
purpose 


Cellobond 
A.2660 
Rigid, 
heat 
resistant 


Polyester/styrene 


500-800 | - | 800-1200 240-320 


Cellobond 


transparent 
roofing 


Cellobond 
A.2531 
Rigid, 

transparent 
roofing 
sheet 


A. 2530 
Rigid, 


sheet 


Cellobond 
A.250 
Rigid, 
chemical 
resistant 


Ri 
che 


Cellobond 
A, 2571 


resistant 


Cellobond 
A.2590 
Flexible 
plasticizing 
resin 


__ 


Polyester 


gid, 
mical 


aq 














20,000-25,000 





6-9 mo. at 77°F., sealed, in the dark 


>12 mo. at 
77°F., sealed, 
in dark 











65 








65 





70 55 

















About 5 days with 1% benzoyl peroxide 
About 2 days with 1% MEK peroxide or HCH 


__ Room to 250, depending on catalyst 


Contact to 300 





Time, min. Hot curing: 3-15 min. 


Cold curing: 4-6 hr. 











THE GENERAL TIRE 
AND RUBBER CO., 
Chemical Div., 
Akron 9, Ohio 


BRITISH RESIN PRODUCTS LIMITED, 


PROPERTY Devonshire House, Piccadilly, London, W.1, England 





Resin number 


Cellobond 
A. 2591 
Flexible 
plasticizing 
resin 


Cellobond 
A. 2630 
Export 

version of 
A. 2620 


Cellobond 
A.2540 
Export 

version of 
A.2530 


Cellobond 
A.251 
Export 

version of 
A.250 


Cellobond 
A. 2601 
Preforms 


Glykon 
F-700. 
Flexible 


Glykon 
R-312 
Resilient 


Identity Polyester/ Polyester (styrene monomer free) Polyester 


styrene 


Polyesters 
1150-1500 
(70% sol.) 


260-340 
(70% sol.) : 


2600-3600 
(70% sol.) _ 


— EEE 


aaun| cee | 


styrene) 


Viscosity at 300-600 


25°C, Ch 











3 mo, at 77°F., 
sealed, in 
the dark 


—} 


>12 mo. at 77°F., sealed, in the dark 


| x 
About 5 days with 1% benzoyl peroxide 
About 2 days with 1% MEK peroxide or HCH 
J 


Storage life of 12 mo. 


resin 


— - EE 


100 


Resin content as 


70 
applied, % 


70 50 








A few days | 


4 2. 


Hot air drying 





Storage life of 2-4 days at 77°F. (dark) 





treated material 








Curing cycle 


Pressure, p.s.i. Contact to 300 Nil 





Temperature, “F. Room to 250, depending on catalyst 


Related to drying 
conditions 





Time, min. 


Hot curing: 3-15 
Cold curing: “4-6 hr. 
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PROPERTY 


ROHM AND HAAS CO., Washington Square, Philadelphia 5, Pa. 





Paraplex 
P-43, P-49. 
Rigid 


Paraplex 
P-13. 
Flexible 


n Number 








Paraplex Paraplex 
P-433. P-444. 


Light Light 
stabilized stabilized 


Paraplex 
P-47, P-602. 
Semi-rigid 


Paraplex 
P-43HV. 
Rigid 








Paraplex 
P-446. 
Light 
stabilized 


Paraplex 
P-462. 
Air- 


curing 





tity 


Polyester — 


styrene resin Polyester/ 
A 


Polyester/ 
MMA/ 
styrene 


Polyester/ 
styrene resin 





»sity at 


2100-4500 | 
C. cp 


2800-3500 





58000-77000 | 1400-2600 | 6600-8700 





5000-6500 


550-7 50 





rage life of 


Absence of light, room temperature, no catalyst — 6 mos. Refrigeration increases stability. 





n content 
applied, % 


70-73 | 


80 | 72-76 | 74 | 75 


75 


67 





rage life of 


ited material 1 - 6 days at 


room temperature when catalyzed with 1% Benzoyl Peroxide 





10 minutes or 
longer, depend- 
ing on concen- 
tration and type 
of catalyst used 








ring cycle 


res sure, p.S.i, 


Contact to 300 





°o 
mperature, - F. 


Room temperature to 300°F., de pending on type, amount of catalyst and accelerators used as well as on processing conditions 





e, min. 





From 1 minute to several hours depending on type of process 








PROPERTY 


PITTSBURGH PLATE GLASS COMPANY, 


Paint Division, 1 Gateway Center, Pittsburgh 22, Pa. 





OR aan ty cm mr MRI ERS re a , 


Selectron 5000 
series. Rigid, 
general 

use 


Selectron 5140. 


Selectron 5158. 


| Selectron 5051A 
Light 
stabilized 


Selectron 5119. 
Room temp. 
curing 


Selectron 
5808, 5809, 
5807A. Room 
temp. curing 


Preform 
molding 


Premix 








Unsaturate 





50- 100,000 
Adjustable 








No catalyst in dark: 


d polyester resins 


Thixotropic 





40°F.: over 1 yr. 
77°F.: over 4 mo. 


150°F.: 5 or more days depending on resin 


Selectron 5200. 
series, 
Flexible 








35-80 


72 65 


60-75 55-70 


50-70 





e life of 
naterial 


Room temp.: 

12 hr. to 21 days 
with benzoyl 
peroxide, de- 
pending on resin 
type. 


2 days at 
77°F. with 
benzyl 
peroxide; 

0, 1-5 br. with 
Ketone per- 
oxides 


16 hr. at 
77°F. with 
benzoyl 
peroxide 


0. 1-5 hrs. with | 20 hrs. @100°F. | 2days @ 100°F. 
methyl ethyl 
ketone per- 


oxide, 





12 hrs. — 7 
days with 
benzoyl 
peroxide 





Preform:| Premix 


0-300 


50-2000 





140-250 


325 max. 


140-250 | 
depending 
on catalyst 








1-5 
depending on 
system used 








10 min. to 48 hr. 


Contact to 300 


230-320° F. 


Room to | 
180°F. 


—— 


p-- — —— ——- —— - - ---} 


10 min. to 48 hrs. 
depending on 
cat. system used 














180-250 








PROPERTY 


SYNCO RESINS, INC., Bethel, Conn. 


SYNVAR CORP., Wilmington 99, Del. 





ntent as 


life of 


.aterial 


ycle 
sure, p.s.i. 


rature, 


,» min 


oF. 


Synco 269 
Modified 
phenolic resin 


250-280 





Room temp.: 


Synco 274 Synco 4180 


Phenolic 
resin 


Modified 
phenolic resin 
195-315 145-245 


Below 50°F.: 6 months minimum 


3-50 


312 months | 


shelf life 


50 and up 
280-310 — 


Varies with thickness 


Synco 350 


Phenolic 


Synco 4180: indefinitely long 


Synvaren LP | Synvaren 621 | Synvaren 9203 


Straight phenolic resin 
resin 


300-500 | 8000- 10,000 


100-250 


6 months to 1 year 


3-50 


46 months 


50 and up 
300 and up 


Depends on conditions 





Synvaren 
9208, 9207 


Modified 
phenolic resin 


300-500 


6 mo. min 





30-50 


Up to 6 mo, 


50 and up 
275-350 





LOW 


PRESSURE LAMINATING RESINS CHART 








PROPERTY REICHHOL D CHEMICALS, RCI Building, White Plains, N.Y. 


| 





Resin number Plyophen 
169 
5013 
5025 
5592 


ae 
Polylite } 
8000, 8001, | 
8006, 8007, | 
8008, 8009. 
General 
purpose 


Polylite 
8100, 
8109, 8016 
| General purpose, 


Polylite 
8037, 8237 & 
8173 (resilient) 
| Surfacing resins, 


Polylite 
8039 
8051 

High heat 
resistant 


S oeind 


unsaturated polyester styrene resins 


3200 - 3800 1290 - 2270 


Polylite 
8063 
8065 
Self- 

extinguishing 


Polylite 
8120 
Flexible 


Polylite 
8166, 8180, 
181 (vinyltoluene 
Resilient 


) 


light-stabilized | non-air inhibited. 
i 


Identity 100% polymerizable 


8016: 3650 320 - 1900 
8100: 2200 8237: vanixces. | 


oe 
40° F.: 


No catalyst in dark: 77°F.: 
100 °F.: 


| 60-65 l 70-72 | 
= —— ———EE - = 4 
From a few minutes to as much as six months, depending 


on type of resin, catalyst or catalyst-accelerator 
system, and storage temperature 


Phenolic resin 
169: 80- 160 
5013: 40-75 
5025: 150-400 
Below 70°F.: 2 mo. 
Below 50°F.: 6 mo. 





Viscosity at 
25°C., cp. 


320 - 3650 








Storage life 


Over 1 year 
of resin 


36 mo. 
3-4 weeks 





Resin content 60-70 65-72 54-80 
as applied, % 





Storage life of 
treated material 


Room temp. : 
46 mo. 








Curing cycle 
Pressure, p.s.i. 


169, 5025 & 
5592: 15 & up 
5013: SO & up 


169, 5025: 275-325 
5013 & 5592: 
300-325 


169 & 5025: 325°F 
1/8": 3 min. 275° F.: 


From contact on hand layup to 300 on preform molding 
__and 50 to 2000 on a premix molding 


een Comparten to 200 on hand layup; 180 to 280 on 
matched die molding; 225-325 on premix molding 





°F, 


Temperature, 


Hot cures: 1 to 30 min. 
Cold cures: 30 min. to 10 hr. 





Depending on resin, catalyst system used, 
mass, and curing conditions 


1/8": 20 min. 5013: 
1/8": 10-12 min. 
5592: 1/8": 20 min. 











PROPERTY 


REICHHOLD CHEMICALS, RCI Building, White Plains, N.Y. 





Resin number 


Identity 


Viscosity at 
25°C., cp 


Storage life 
of resin 


Resin content 
as applied, 


Storage life of 
treated material 


Curing cycle 
Pressure, p.s. i. 


Temperature, 


F.| 


‘= 


Polylite 
8204, 8207, 8208 
8217, 8224 
Open lay-up. 

_Thixotropic 


Polylite 
8400 
General purpose, 
non-volatile 





— 
100% polymerizable un- 100% polymerizable. 
Diallyl phthalate 


mono mer 


saturated polyester sty- 
rene resins 





- 1900 150,000 - 180,000 


No catalyst ( 40°F.: Over 1 year 
in dark: 77°F.: 36 mo. 


No castes 
in dark: 
100°F.: 34 weeks 
are ———— 

-62 30-70 

A ‘ 
From a few minutes to as much as six seentie, 

depending on type of resin, catalyst or catalyst- 


accelerator system, and storage temperature 


From contact on hand layup to 300 on preform 
| molding and 50 to 2000 on premix molding 


on matched die molding; 225-325 on 
premix molding 


Hot cures: 1 to 30 min. 


| Cold cures: 30 min. to 10 hr. 


catalyst system 
used, mass, and 
curing conditions 


| 
| 


77 °F.: 
6-12 mo. 


| hours with some hard- 


Room temperature to 200 on hand layup; 180 to 280 


Depending on resin, 


Polytool 
6125, 6130, 
6131, 6140. 


Plaskon 911 


Rigid; high 


—+ 


Epoxy resins 


diallyl 
phthalate 


500- 19,000 
at 30° OC, 
12 mo, at 70°F. 
in the dark 


Room temp. : 
unlimited 


25-100 


20 min. to eoverd 


2 da. at 70°F. 
eners; to unlimited 
with other types 


Contact and up 


Room come. to , 350 180-250 1 ic 
depending on 
curing agent — : ~— | 


Hot cures: 10-60 min. 
Cold cures: From less 
than 2 to 4 hours de- 
pending on hardener. 





Plaskon 920 


Rigid; high 
heat distortion;| heat distortion; 
diallyl 

phthalate | 
| 10,000 


in the dark 


180-250 | 


1-30 min. 


Plaskon 941 


General 
purpose, 


General } 
purpose; | 
rigid; styrene | 


700 330 


=e 


6 mo. at 70°F. 
in the dark 





14 da. at 70 
in the dark 


5 da. at 70°F. 
in the dark 


—_ * 


Contact and up 


Depends on cotton 
accelerator system 


Depends on catalyst 
accelerator system 


Plaskon 951 


rapid impreg- 
| nating; styrene 


F 








PROPERTY 


PLASTICS AND COAL CHEMICALS DIV., ALLIED CHEMICAL CORP., 40 Rector St., New York 6, N. Y. 





Resin number 


Identity 


Viscosity at 
23°C. « pP- 


Storage life 
of resin 


Storage life of 
treated material 


Curing cycle 
Pressure, p. s.i. 


Temperature, 


Time 


oF, 





Plaskon 9404 | Plaskon 9411 | Plaskon 9441 
Rigid; light 
stable; 


styrene 


Rigid; light 
stable; 
styrene 


Rigid; medium 
viscosity; 
styrene 
2200 2700 2200 


1 


4 mo. at 70°F. in the dark 


da. at 70°F. in the dark 








| Plaskon 942 


General 
purpose; 
rigid; styrene 


6 


70°F. in dark 
7 da. at 
70°F. in 
the dark 


Plaskon 9500 
Resilient, high 
impact; 

styrene 


Plaskon 9510 
Resilient; medium 
viscosity; 
styrene 


2200 


2700 


mo. at 


4 da. at 70°F. in the dark 





and up 


ccelerator system 


catalyst-accelerator system 


Plaskon 9511 


Resilient; iow 


4 mo. at 70°F. in the dark 


___Plaskon 9606 


viscosity; high elongation, 
styrene _ Styrene 


800 


——— 


7 da. at 
70°F. in 
the dark 








634 


MODERN PLASTICS ENCYCLOPEDIA !SSUE 


Flexible; high impact 


PLASTICS & COAL CHEMICALS DIV., ALLIED CHEm. Corp, 





torage life 





PROPERTY 


NAUGATUCK CHEMICAL, Div. of U.S. Rubber Co., Naugatuck, Conn. 





in number 


Vibrin 114, 
117, 152 
General 
purpose 


(114,117): 





1000 


Vibrin 151] Vibrin 
Semi-rigid |152-LS-4 


automotive 


300 to 400 


Vibrin 115A, 156 
Matched die and 
premix molding. 
| High heat distortion 


Light 
stable 


1000 (115A) 
2500 


Unsaturated polyester-styrene resins 


Vibrin 153 
Compounded 
for boat 
covering 


Vibrin 121 
Flexible 


1000-3000 
Thixotropic 








Vibrin 
154, 157 


Compounded 


for hand 
layup 


400-1200 


Thixotropic 


| 


Vibrin X 1088 

Pre-accelerated 
potting resin. 
Low shrinkage 


Vibrin 135 
(X- 1047) 
Super-heat 
resistant, 500 F. 
Triallyl 
cyanurate type 


2500 








(152): 2500 | 


2500 (156) 


, dark: 1 yr. 


Refrigerated: indefinitely. 


No catalyst, 70°F. 


esin 


eated material 


in content 
applied, % 
rage life of 
ring cycle 


sure, p.S.i. 


perature, °F, 





1.5% benzoyl peroxide — > 48 hr. 
Refrigerated- 1 wk. to 1 month 


35 to 75 


r 
1 
Fast cure at 


room temperature 


Contact to 300 


Wide range 
of pot life 


Matched metal die molding and press cures 200-250. Also room temp. 


curing with promoters 


1.5 up according to temp., resin, and conditions 








PROPERTY 


AMERICAN ALKYD INDUSTRIES, Broad and 14th St., Carlstadt, N.J. 


T 





n number 





Amester 322 |Amester 372| Amester 472\ 


Styrene- | 
methyl 


Vinyl Styrene: 


toluene: 


Styrene: 


| 
| 
| 


Amester 502 


Amester 552 
Styrene: 
High 


| 
Styrene: | 
| 


Styrene: 


Styrene: 


General- 


methacrylate: Premix 


For sheet Premi 


Matched 
metal 
polyester 


Reactive 
x polyester 


Casting 
buttons 


reactivity, 
High heat 
distortion 


purpose 


a Ame ster 
Amester 572 Lanenes 622 | Amester 722| I Ss 


Styrene: 
Light 

stabilized 
sheet 
resin 


| production 
 & 


140 2400 


of 


ed material 


rage life 
1% Benzoyl peroxide—2-5 days 


cycle 


Ire, P.S.1. Contact and up 





perature, °F, | Room temperature to 280 depending on type and concentration of catalyst and promoter 


min, 30 seconds and up depending on temperature, pressure, catalyst, promoter and resin mass 








PROPERTY AMERICAN ALKYD INDUSTRIES, Broad and 14th Sts., Corlstadt, N. J. 








‘ T T 
Amester 752/Amester 762 Amester 782 Amester 822 Amester 842| Amester 852 | Amester 92? Amester 1022 


1 Number Amester 722 


L.V 
Styrene: 
Low 
Viscosity 
Polyester 


Styrene: 
Pre-Accel- 
erated; 
Uninhibited 

by Air 


2 —_ 
Styrene: 
Pre-Accel- 
erated 
Polyester 


Flexible 
Polyester 


Fire 
Retardant 
Polyester 


} 
Thixotropic 
Pre- 
Accelerated 


Alpha “ethyl Thixotropic 
Styrene: 

ow Reactivity; 

ow Exotherm 


sity at 
3000 


» CP. 


50 600 600 


ge life of 
at 77°F. 6 mos. 6 mos, 


mtent as 
is 60 70 








F 
| 
| 


— i i 
life of 

oO -_ 2% ds 
eated material 1% Benzoyl peroxide 2-5 days 
ring cycle 
essure, p. S.i. Contact and up 


mperature, °F. 


Room temperature to 280 depending on type and concentration of catalyst and promoter 


ne, min, 30 seconds and up depending on temperature, pressure, catalyst, promoter and resin mass 
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PROPERTY DUREZ PLASTICS DIV., HOOKER ELECTROCHEMICAL CO., orth Tonawanda, N. Y. 





—_ r 
Resin number Hetron 93LS Hetron 92 Hetron 32A | Hetron 31 | Hetron 72 


Light stabilized Rigid, general use Semi-rigid, automotive 


} Semi-rigid, tough, Rigid, chemical resist 
molding, potting ant, high heat 
— 2a . a a ti 


matched die molding 


Identity Fire-resistant, unsaturated polyester resins, styrene monomer. 
T T 


Gardner viscosity 550-630 1300-1800 1300-1800 | 900-1100 1300-1800 
23°C., cp | 

Storage life of 
resin (a) In dark, 7 F., 3 months to 6 months; (b) 158°F.:>4 days 


nesin content as 


60 to 80 


applied, 


me ts 1% benzoyl peroxide, at 73°F.: 48 hours 

Curing cycle 
Pressure, p.s.i. Contact up to 500, not air-inhibited 
Temperature,° F. 60 to 300 depending on catalyzation and time 


Time, min. 30 seconds to several days depending on catalyzation and temperature 











DUREZ 
PLASTICS IRONSIDES RESINS, INC. DUREZ IRONSIDES 
DIV., HOOKER | 270 West Mound Street 
ELECTRO- Columbus, Ohio 12120 


North Tono- 16044 101 105 B4 


wanda, N.Y. (continued) (continued) (continued) 





Resin Inhibitors - - 
number 


- - — . ee a 


Impregna- Conventional Dip tank and Dip tank and 
- . tion appa- dip tank squeeze rolls squeeze rolls 

ratus preferred preferred 
Identity Phenolic resin Phenolic Phenolic _—- _ . 4 


Prepara- Adjust to desired As is for best re- As is for best re 
70 as shipped ’ tion of viscosity and solids sults. Can be cut | sults. Can be cut 
16044: 60-65 | resin content with alcohol with alcohol. with alcohol. 
—— . <<, Caan’ 
° og 240 °-250°F.; 3-5 
— at 200 F. ; 24 -260 F.: 3-5 min, dwell for vacu- 
300-450 Drying aise to 250-275 F, min. Adjust speed ym molding. 
Adjust to give re- for required volatile | 270 ~- 280 F.: 4-4 
quired volatile content content min. — 100-300 


Resin 
or resin 
formers % 


Viscosity 300-500 Can be 
at 25°C., 
cp. 


adjusted. 


. Ethyl! or iso 
Solvents propyl alcohol Storage Below 75°F.: If properly pack- If properly pack 
life of 

treated 
material 


Up to 6 mo. aged and refriger- aged and refriger 
: Room temp.: Room temp.: Below 3 F., ated, 6 mo. ated, 6 mo. 
Storage 
life of 1 mo. 1 mo. 3 mo. 
ricrthag Below 50°F., Below 40°F., Must be ; 
— 3 mo. 3 mo. refrigerated Curing 
cycle 
Pressure, 60-100. 


Resin con p-s.i. 16044: contact and uP | Vacuum to 300 Vacuum to 300 
tent as ap 30 to 50 i scennnnutshdinmeeantienanietisinieainpens - iaahitin niin bse : 


plied, % 





Tempera- 340 Heat supplied 
ture, °F, on one side 260 plus post cure 260 plus post curs 


+ 





Catalysts Time, 
min. 0.05 "to 0.10": 10-15 30-45 at temp. 30-45 at temp. 























SHELL CHEMICAL CORP. 
PROPERTY FURANE PLASTICS, INC., Los Angeles 39, Calif. 380 Madison Avenue, New York, N. Y. 
Resin number Lamojet Epocast Epocast Epon 820, 828, Epon 815, 820, 
2D 17 1901, 1004, 1310. 828, 834 
2E High 
2F | Oa ine 
Identity F uran Epoxy Epoxy resins - Dry lay-up | Epoxy resins - Wet lay 
Gardener viscosity 200-300 2D: 300 2E: 4000 Can be adjusted 500-100,000 dependiny 
23 T., cp. 2F: 2500 on grade of resin 
Storage life : 





a —— 
Room temperature: No catalyst, room tem; 
of resin Over 1 year Over 1 year ‘ unlimited indefinite. With catalyst 
0. 5-8 hr., depending on 
| ambient temp. and type 


| | of catalyst. 
Resin content as | 


applied, % 100 35-60 35-60 g 25-50 


Dicy andiamide at room 1-8 hr., depending o: 
temp.: unlimited. m-Phen- curing agent 
ylenediamine and Curing 
agent Z at room temp. 2- 
l 3 wk.; at 40°F.: 6 mo. L 
Curing cycle | 

Pressure, p.s.i. Contact Contact and up Contect and up 


i - — ai ---——— 4 EE 
Temperature, F Room temperature Room temperature ] Start at 300-350 225-350, depending upon 60-350, depending 
| Overnight at 400 curing agent curing agent 


Time, min. : 16 he. 2E 20 hr. ‘Overnight ~ 1 10-35 depending on cure | 10-60, up to 2 days for 
2F 20hr. temp. and curing agent. 60-80°F. curing 


Storage life of 


S lh 
treated material 1 hour to 1 day everal hours Approx. 30 days 
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BAKELITE CO., 
DIV. OF UNION CARBIDE CORP. 
30 E. 42nd Street, New York 17, N.Y. 


SILICONES 
DIVISION, 
UNION CARBIDE CORP. 
30 E. 42nd Street, 
New York 17, N. Y. 


DOW CORNING CORP., 


Midle.a, Mich. 


GENERAL 
ELECTRIC 
co. 
1 Plastics Ave. 
Pittsfield, 
Mass. 


PLASTICS 


Sheboygan, 
Wis. 


(See also p. 629) | 





Bakelite 
BLL-3085, 
3238, 3526 


Phenolic 
resin 


3238: 73-78 
3085: 59-64 
3526:634-67% 





3238: 1600-2200 
3085: 125-175 
3526: 210-340 


Ethyl alcohol, 
alcohol and 
water 
mixtures 

+ . 

| 3238: 

Below 70° F.- 
60 days. Below 
50° F.-6 mo. 
3526- 

| Below 50°F.- 

3 mo. 


|| 
1 
| 
| 


| 


Bakelite 
ERL-2774 
ERL-2795 
ERL-3794 


Epoxy resin. 
Wet lay-up 


100 


500-19, 500 


- + 


Ketones, es- 
ters, aro- 
matics and 
alcohol- 
ethers 


No hardener, 
room 
temperature: 
indefinite 





3238: 35-60 
3085: 28-44 
3005: 28-44 
3526: 35-60 


Can be accel- 
erated by 1% 
NaOH or hexa- 
methylene 
tetramine 


o — 
| Acids to narrow 
pH range 


Dip tank with 
squeeze rolis 
or scraper bars 


Thin resin to 
viscosity de- 
sired for 
treating 


4 
| 3238: 
2 to 7 min. 
285° F. 
3085,3526: 
5 to 6 min. 
260-280 °F. 
+ 


Room temp.: 


2 mo. 


3238: 50-300 
3085: 

14-300 

3526: 50-300 


240 to 360 





4 
Pour-on, knife 
coating, 
brush, 

squeeze 

rolls 


Add hardener 
or catalyst, 


Bakelite 
ERL-2774, 
EKR- 2002, 
EKS- 2002, 
EKR- 2003, 
ELS-3001 


Epoxy resin. 
Dry lay-up 


100 


Can be adjusted. 


Ketones, esters, 
aromatics, and 
alcohol-ethers 


Room temperature, 
unlimited 


Air tank with 
rolls or bars 


Add hardeners or 


| Union 
| Carbide 
XR-70 








agitate at catalyst, agitate 


room temper 
ature 





Contact to 
300 


Room to 
325 


at room 
temperature. 


Methyl dibenzyl 
amine at room 
temp. (for ELS 
3001) unlimited. 
Methylene diani- 
lene at room temp. 
1-4 weeks: at 
40°F., +6 mo. 


Contact and up 


300-350 


Silicone 
resin 


20-40 
cst. 


Toluene, 

benzene, 

acetone, None 
xylene, or | required 
isopro- 

panol 











>12 mo. 


Un- 


catalyzed: 4 mo. 


65 100 


RC-640 | 0.9% 
Catalyst | Ditertiary 
-2.0 to 6.0 | Butyl 
gm. catalyst| Peroxide 
} or 1.5% 


7 
| 


None None 


— —+ 

| Wet lay-up, | 

vacuum bag,| 

and contact | 
pressure 

| press tech- | 

| niques 


Conven- 
tional 
dip 

tank 

T 
Add 
catalyst; 
agitate; 
apply 


Add 
catalyst; 
agitate; 
apply 

6 minutes 

2135 Cc. 

Adjust to |No 
give de- (drying 
sired flow |required 
of ma- 

terial. 


15 to 
300 


contact 


For bag- 
molded lay- | 
ups; 1 hr. @ 
250° F. and 

1 hr. @ 300° | 
F. | 





30 to 50 





60 





| 
—— 


20 


Toluene or naphthas of 


No catalyst: 


b.p. < 





pat 


200 °F. 


> 6 mo. 


60 


DC XY-15 
0.1 to 0.3 % 





Dip tank, 


hot-air curing oven 


| 
— 
| 
| 
} 


| 


DC XY-15) 
(1,5-3.5 | 
mil /ibs. 
solution) 


Add catalyst and agitate 


thoroughly. Apply to heat- 
cleaned or properly finished 
cloth. 


— a —— 


GE 12304 
GE 12389 


204 


Phenolic 


> 
Phenolic resin 


204:7 1-74 
205:67-70 


- . ae ——_— 


204: 400-600 
205: 250-400 


12304: 200-300 
12389: 150-200 


———— 


Ethyl or 
isopropyl 
alcohol 


Ethyl or 
isopropyl! 
alcohol 








Below 75°F.: 


None 
necessary 


Conven- 

| tional dip 

| tank with 

| squeeze 
rolls or 

|scraper bars 


+ 
| 
| 
| 
| 


Dip tank with 
or without 
squeeze rolls 


Thin to de- 
Thin if neces | sired vis- 
sary to obtain | cosity and 


proper resin 
pick-up 


|}solids con- 
| tent with 


Precure for 5-10 min. at 


| Dry at 250-275° | 


230°F. Special postcure 


cycles for electrical and 


high temperature uses 


Resin solu 
tion with 
catalyst: 24 
hr. at 77°F. 
Coated fab 
ric: 6 mo. 
F. 


at 77 


| 





Resin solw | 
tion with | 
catalyst: 3 
da. at 77 F.| 
Coated fab- 
ric: 6 mo. 
= 


at 77 


15-200 








10 to 60 





For matched- | 
met al-mo cing 
techni ‘ 
hr. @ 350° F. 
Post cure 

for certain 





applications. 


10-200 


15-30 
: 30-60 


60 





| to give required 


| 
| alcohol 


250-295 F. 
Adjust 
speed for 
desired 

| volatile 
content 


F. Adjust speed | 
flow in material 


t 


Room temp. 


2 mo. 


100 and 
up 


320- 330 300-330 





LOW- PRESSURE LAMINATING RESINS CHART 





Plasticizers Chart 





STRUCTURAL FORMULA 





Abietic acid derivatives 
Hydroabiety! alcohol 


Methy! abietate 
Hydrogenated methy! abietate 
Adipic acid derivatives 


. Diethyl adipate 


Dibutyl adipate 
Diisobuty! adipate 


7. Di-n-hexy! adipate 


. Dicapry! adipate 


Di- (2-ethylhexy!) adipate 


Di-isoocty! adipate 


Dinony! adipate 


2. Octyl decyl adipate 


(n-Octyl,n-decy! adipate) 


Di-decyl adipate 
(Di-isodecy! adipate) 


. Polypropylene adipate modified 
5. Polypropylene adipate 
. Dimethoxyethyl adipate 


7. Diethoxyethy! adipate 
. Dibutoxyethyl adipate 


Dihexoxyethy! adipate 


20. Dibutoxyethoxy ethyl adipate 


Di(methylcyclohexy!) adipate 


. Dibenzyl adipate 


Ditetrahydrofurfury! adipate 


Azelaic acid derivatives 


24. Di-2-ethylbutyl azelate 


Di-2-ethylhexyl azelate 


Di-isoocty! azelate 


Benzoic acid derivatives 
Ethylene glycol dibenzoate 


Diethylene glycol dibenzoate 


Dipropylene glycol dibenzoate 


Triethylene glycol dibenzoate 
Polyethylene glycol (200) dibenzoate 
Polyethylene glycol (300) dibenzoate 
olyethylene glycol (400) dibenzoate 
Polyethylene glycol (600) dibenzoate 
Ben zophenone 


Bipheny! derivatives 
2-Nitrobipheny]! 


C19H3,CH,0H 


_CigHzgCOOCH, 
C49H,,COOCH, 


CaHsOCO(CH2)4COOC2Hs 
C4H gOCO(CH 2),4COOC 4Hy 
[CH 2CH ,COOCH2CH(CHs)2}2 


CoH 1 30CO(CH2)4COOC 5H 1 5 
CoH ,OCO(CH)4COOC gH 17 


C4HglCOOCH,CH(C2Hs)C4Hgl 2 


CgH , ,OCO(CH3),COOCsH;; 


(CH 2)4(COOC 5H; 9)2 


CH, 7OCO(CH 2)4COOC ; oH, 


C10H 2,3 OCO(CH2)4COOC yoH 2; 


CH30C,H,OCO(CH),COOC,H,OCH, 
CaHs0C,H4O0CO(CH,COOC3H,OC2Hs 


CaoHy,0 290 
CaiH3202 316 
CayHy,0, 318 


Croll, 202 
CisH26%, 258 


Cy4H260, 258 


CisHye04 314 


CazH420, 371 


1.008 


1.033 


1.026 


1.002 
0.961 
0.950° 


-0.925-0938 1.4125 


0.9135° 


CuMisM 371 


0.9268° 


CraHyO, 371 





Ca4H 460, 


Ca4H4 60, 


Ci2H220, 262 
Crago 290 


0.9168° 


0.914-0.924 


0.915- 
0.9181° 


1.526° 


1.529° 
1.519° 


1.426 — 
1 
1.4293 


1.447° 196 2.44200°C 


232 


1.446 200-235 <0.04015 
1.4505 


1.4498 218-227 
1.4512° 


_. 


1.14 


1.075 


1.036 





(C4H,OC,H,OCOCH,CH;), 


(CH3)4(COOC3H4OC gHi3)2 
(C,H,OC2H,OC,H,COO(CH,) 2) 2 
CH yC 6H 1oOCO(CH 2)4COOC 6H 19CH 
CHsCH,0CO(CH3),COOCHC Hs 
(C4H,0.CH,0COCH,CH,), 


CH; s0COC 7H, 4COOC 6H; 
C,H, 7OCOC 7H, 4COOCsH,; 


CagH, 7OCOC 7H; s,COOC gH, 7 


C6HsCOOCH,CH,0COC,Hs 
C6HsCO(OCH CH 2)2,0COC,Hs 


C4HsCO(OC 3H,),0COC.Hs 


C6HsCO(OCH 2CH 2);0COC 6H, 
C.HsCO(OCH,CH2),OCOC .Hs 
C6H sCO(OCH 2CH2),OCOC 4Hs 
C6HsCO(OCH 2CH 2),OCOC «Hs 
C 6H sCO(OCH,CH2),OCOC,Hs 
C.HsCOC,Hs 


C6HsC6H,NO, 


Cullads 346 


_LaalterO, 

Caats20s 
_Cr20H 3404 
C20H220, 
CisHr6O6 


_CarH 40% 
CasHas0, 


CasHas, 


Cy 6H y 404 
CisHis0s 


C20H2205 


C20H2296 


Ci3H100 182 


C,H ON 199 


0.997° 


0.9642 1 


1.025 
1.007 


0.934° 
0.9184° 


0.918- 
0.920° 


1.178 
1.1765° 


1.129 
1.1260° 


1.168 
1.158 
1.150 
1.145 
1.141 
1.09762 50 


1.203 


1.612 143 





umn headings: Sp. Gr 


melting point; S. in water solubility 


methacrylate; PS lystyrene; VA 


specific gravity; R.I 


in water, CA = cellulose acetate; CAB 


polyvinyl ecetate; VB 


refractive index; F. P. = flash point (Cleveland and Open Cup); V. P 


vapor pressure; B.R. = boi 


cellulose acetate butyrate; CN = cellulose nitrate; EC = ethyl! cellulose; PM 
polyviny! butyral; VC = vinyl chloride; and VCA = vinyl chloride acetate 


MODERN PLASTICS ENCYCLOPEDIA |S: 





ee SA EOQVVUAE LAKINA TING NEOMNS VAM! 





COMPATIBILITY WITH PLASTICS* COMMON NAMES, TRADE 


DESIGNATIONS, AND TRADE 


ue. om 





MANUFACTURERS” 


WATER 4, cap CN EC PM PS VA VB YC YCA 


MARKS‘ FOR PLASTICIZERS 





°C % by wt. 


32-33 —s Ins. 


P Abitol (38) 





- Ins. 


cx Abalyn (38) 





es Hercolyn (38) 





68-170@ 17 mm. 


1325-14704 mm. 


~20 


<26etun. 8 008" 


: “*Kesscoflex’’ DBA (45) 


‘‘Darex’’ DIBA (20) 
‘*Kesscoflex’’ DIBA (45) 


- “Kesscoflex’? DHA (45) 





-15 


<-60' <0.01 


1 +217 24mm. 


10-218@5 mm. 


‘*Harflex’’ 280 (35) 
Adipol” 2EH (54) 

DOA 775 (58) 
**Elastex’’ 60-A (11) 
‘*Flexol’’ A-26 (68) 
‘*Good-rite’””? GP-233 (33) 
‘Griffin’? DOA (34) 
‘‘Harflex’’ 250 (35) 
**Kesscoflex’’ DOA (45) 





~ 220 24mm. 


& 24624 mm. 


5 mm, 


Ins. 


0.01 
<0.01 


0.05 
0.08 
0.14 
0.70 
0.78 
0.006 


; 


Ins. C 


~**Adipol” I0A (54) 
‘‘Darex’’ DIOA (20) 
‘*Good-rite’’ GP-233 (33) 
“Griffin’’ DIOA (4) 
‘*Harflex’’ 220 (35) 
**Kesscoflex’’ DIOA (45) 
“‘Morflex’’ 390 (49) 
**Plastomoll”’ NA (9) 
“‘Adipol’’ ODY (54) 
**Adipol”’ 810 (54) 
“‘Good-rite’’ GP-235 (33) 
**Hercoflex”’ 290 (38) 
**Kesscoflex’’ ODA (45) 
**Morflex’’ 375 (49) 
“*Adipol’’ XX (54) 
*‘Darex”’ DIDA (20) 
DDA 777 (58) 
“Elastex” 20-A (11) 
‘*Flexol’”’ 10-A (68) 
‘“Good-ri te’? GP-236 (33) 
“Hexaplas”’ LMV (41) 

__**Kesscoflex’’ IDA (45) 

C ‘‘Hexaplas’? LMV (41) 


“‘Hexaplas’’ PPA (41) 


_“‘Kesscoflex’’ MCA (45) 


**Adipol’’ BCA (54) 
DBEA 779 (58) 
“*Kesscoflex’’ BCA (45) 


TP-95 (66) 
**Sextol’’ adipate (40 
**Morflex’’ 350 (49) 


“*Plastolein’’ 9050 DHZ (| 


“*Kesscoflex’’ DOZ (45 
**Morflex’’ 410 (49) 


‘Kesscoflex’’ DIOZ (45 
**Morflex’’ 400 (49) 


‘Benzoflex’’ E-60 (65 


**Benzoflex’’ 2-45 (65 


‘*Benzoflex’’ 9-88 (65) 
**Kolflex’’ 312 (46 

‘‘Benzoflex’’ T-150 (65 
“‘Benzoflex’’ P-200 (65 
300 (65 
400 (65 


600 


“‘Benzoflex’’ P 
**Benzoflex’’ P 
‘‘Benzoflex’’ 


P 65 


Cc Cc Cc Cc Cc Ortho-nitrobipheny] ONB 


38 
38 
38 
10, 22 


35, 37 


, 20, 26 
, 45,54 


**Staflex’’ DIBA (19) 


“‘Harflex’’ 260 (35) 35, 45 


35, 37 

9, 11, 19, 26, 

33, 34, 35, 36, 
37, 45, 46, 47, 
49, 50, 54, 57, 
58, 60, 68, 70 


Kolflex’® DOA (46) 
**Morflex’’ 318 (49) 
**Plastomoll’’ DOA (9) 
**Polycizer’’ 332 (36) 
““P-X’*-238 (57) 
“RC” DOA (60) 
**Staflex’’ DOA (19) 
*‘Witcizer”’ 413 (70) 
™Worflex”” 300 (49) 
“*PX’’-208 (57) 
**RC’’ DLOA (60) 
**Staflex’’ DIOA (19) 
“‘Witcizer’’ 412 (70) 


11, 19, 20, 33, 
34, 35, 37, 45, 
46, 49, 50, 54, 

57, 60, 70 


**PX’’-209 (57) 9, 2, ots 


50, 
19, 33, 35, 


37, 38, 45, 
49, 54, 57, 


ODA 778 (58) 
**Polycizer’’ 532 (36) 
*“PX"*-212 (57) 
““PX’? 218 (57) 
“RC”? ODA (60) 
**Staflex’’ ODA (19) 


**Kolflex’’ DDA (46) 
**Morflex’’ 330 (49) 
“Plasticizer GC-100A’’(34) 
“*Polycizer’’ 632 (36) 
““PX’’-220 (57) 

“RC"’ DIDA (60) 
**Staflex’’ DDA (19) 


11, 19, 20, 3 
34, 35, 36, 
41, 45, 46, 
49, 54, 57, 

60, 


“‘Plastoflex’’ 3 (1 
**Staflex’’ DBEA (19 


27) 


a 


‘*Plastolein’’ 9058 
‘Staflex’’ DOZ (19 


‘*Plastolein’’ 9057 DIOZ (27) 1 
**Staflex’’ DIOZ (19 


**Plastoflex’’ DGB (1 


**Plastoflex’’ MGB (1 


(47 





mpatibility: C 
ent meade at 20 °C 


Ses at temperatures in this range 


eTICIZERS CHART 


mpatible, P = 


4 The trade marks for plasticizers are shown in quotation marks 


: 
partially compatible, I = incompatible See list 


Pour point 


m page 654 for key to numt 


ers 





rinated bipheny! 
lorinated biphenyl 
lorinated biphenyl 
lorinated bipheny! 
yrinated biphenyl! 
onnated biphenyl 
lorinated bipheny! 
orinated bipheny| 
hlorinated polypheny! 
yrinated polypheny! 
lorinated polypheny! 
hlorinated polyphenyl 


49. Camphor 


Ceprylic acid derivative 


50, Butanediol dicaprylate 


Citric acid derivatives 
1. Triethy! citrate 
Tri-n-buty! citrate 
53. Acetyl triethyl citrate 
4. Acetyl tri-n-butyl citrate 
5. Acetyl] trihexyl citrate 
6. Acetyl tri-(2-ethylhexy])citrate 
Coconut oil derivatives 
7. Chlorinated coconut oil fatty acids 
Epoxy derivatives 
8. Epoxy-type plastic 
59. Epoxy-type plastic 
Epoxy-type plastic 
> plastic 
> plastic 
’ 
> plasti 
» plasti« 


> plastic 


e plasticizer 


poxy-type plasticizer 


poxy-type plasticizer 


poxy-type plasticizer 


Epoxy-type plasticizer 


Epoxy-type plasticizer 


Epoxy-type plasticizer 


73. Alkyl epoxy stearate 


74. Alkyl epoxystearate 


3 Kirane oxygen 


Alkyl epoxystearate 


(4 »xirane oxygen 


Ether derivatives 


6. Dibenzy! 


ether 


Bis(dimethy! benzy] ether 


Ethylhexoic acid derivative 


8 (2-Ethylhexamid liethy 


Formal 
19. Dibutoxyethoxyethyl 


formal 


Fumaric acid derivative 


Diphenoxyethy! fumarate 


Glycerol derivatives 
slycerol monoacetate 
ilycerol diacetate 
cer 


1 triacetate 


cerol tripropionate 


bility in water A= 


MOL ECU- 
LAR 
WEIGHT 


EMPIRICAL 


STRUCTUR 
UCTURAL FORMULA FORMULA 


CH ,CH ,CHC(CH 3),C(CH 5)COCH , 


(CH 2) ACH ,OCOC 7H 15) 2 3804 


C 2H sOCOCH 2) zC(OH)COOC 3H 5 200 7 
(C 4H gOCOCH 2) gC(OH)COOC 4H g > pgs 207 
(C 2H sOCOCH 2) zC(OCOCH 3)COOC Hs) §=©Cy4H 2 Ds 
(C 4H JOCOCH 2),C(OCOCH s)COOC gH =C aol 3408 
(C gf y 3OCOCH 9) ,C(OCOCH g)COOC diy, Calg cD 


(C gH , FOCOCH 2) ,C(OCOCH s)COOC gli, 7 CsaHs gO 


420 
1000 


CH-O-CH(CH ,) ,COOR 


CeHsCH,),0 
CH 3)2C4H,CH,],0 


C 7H ysCOOC WH,4) NCOC Hy CaglissNOs 


C,H, IC HOC ,H,0),¢ H, 


C gH ,0C HOC 0) 26 HH 356 


CH s;COOCH ,CHOHCH ,OH € 134 
176 
218 


260 


sH 1004 


C,Hs(OHKOCOCHS), CH 1205 


CH OCH xCH(OCOCH 3)JCH zOCOCH g C i 1406 


C gH s(OCOC WH), C ya a6 


fic gravity; R. L =refractive index; F. P. 


ellulose acetate 


SP. GR. 
AT 
25° C. 


-182-1. 

.270-1.280 
.378-1.388 
-447~1.457 
-538-1.548 
-577-1.587 
-618-1.629 


1.810 
1.670 
1.470 
1.670 
1.734 
0.990 


0.929° 


1.136 


.049 «20° 
13562 


1.046 
1.005 


0.983 


1.13 


0.910° 


.991-0.994 


0.901 
0.910 
0.994 
0.991 
0.922 
0.909 
0.901 


0.988 
0.898 
0.922 
0.924 
0.998 
0.919 


0.899 


1.0428° 


1,008 


0.9564° 


1.08 


1.190 
1. 186° 
1.160 
1.078° 


lash point (Cleveland and Open Cup); V. 


R. 1. 
AT 
25°C. 


1.617-1.618 
1.620-1.622 
1.627~1.629° 
1.630-1.631° 
1.637-1.639° 
1.6501~1.6517 


1.664- 1.667 


1. 660-1. 665 


1.4420 


1.4405 @24.5° 
1.4453° 


1.4386 «23 


1.4408 @ 25.5 


1.4453 «26 


1.4535 


1.429 
1.431° 


“< 
141-150 
152-154 
176-180 
193-196 

None 
None 
None 
None 
None 
247 
None 
None 


93 


148 
146 
133 


P. = vapor pressure; B. R. = boiling 


CAB = cellulose acetate butyrate; CN = cellulose nitrate 
hloride 


EC ethyl cellulose; PM = poly 


lyvinyl acetate; VB = polyvinyl butyral; VC = vinyl and VCA = viny! chloride acetate. 


MODERN PLASTICS ENCYCLOPEDIA ISSUE 








S. IN COMPATIBILITY WITH PLASTICS® 
WATER CA CAB CN EC PM PS VA VB VC VCA 


COMMON NAMES, TRADE 
DESIGNATIONS, AND TRADE 


MANUFACTURERS” 
MARKS® FOR PLASTICIZERS 





% by wt. 


100-105.5 
66-72 
165-174 (tech. ) 
174-178(USP) 


10.5 


8 @ 30 mm. . Cc 
11 mm 

262 —78 
182 <-50 


ompatible, P 


153 c - - - =- | 
— = £ €L Ca Co «8 
Cc 


0.313 C C 


20 mm. Cc - = Cc a. a 


tibility partially compatible, 


ade at 20 C. 4rhe trade marks for plasticizers are shown in quotation marks. 


t temperatures in this range. Pour point 


PLASTICIZERS CHART 


I = incompatible. See list on page 654 for key to numb ers. 


**Arocior” 1221 (47) 
**Aroclor’’ 1232 (47) 
**Aroclor’’ 1242 (47) 
**Aroclor’”’ 1248 (47) 
**Aroclor’’ 1254 (47) 
**Aroclor’”’ 1262 (47) 
“*Aroclor’’ 1260 (47) 
**Aroclor’’ 1268 (47) 
**Aroclor’’ 4465(47) 
**Aroclor’’ 5442 (47) 
**Aroclor’’ 5460 (47) 
**Aroclor’’ 2565 (47) 


“*RC”’ BD-8 (60) 


“‘Citroflex’’ 2 (56), ‘‘Morflex’’ C2 (49) 
“‘Citroflex’’ 4 (56), Morflex’’ C4 (49) 
**Citroflex’’ A2 (56), ‘‘Morflex’’ C2A (49) 
**Citroflex’’ A4 (56), ‘‘Morflex’’ C4A (49) 
*‘Citroflex’’ A6 (56), ‘‘Morflex’’ C6 A(49 


‘*Citroflex’’ A8 (56), ‘‘Morflex’’ C8A (49) 


DP-520 (24) 


KP-90 (54) 
PX-800 (57) 
**Admex’’ 


**Admex’’ 


745 
744 
711 
710 


**Admex’’ 
**Admex’’ 
“‘Drapex’’ 4.4 (6) 
**Monoplex’’ S-70 (59) 
**Monoplex’’ S-71 (59) 
‘*Plastoflex’’ ESO (1) 
**Plastoflex’’ EET (1 
‘*Estynox 408’’ (10) 
**Admex”’ 746 (5) 
**Peroxidol’’ 780 (58) 
**Peroxidol’’ 781 (58) 
“‘Drapex’’ 3.2 (6) 


“*Celluflex’’ (16 


**Celluflex’’ (16) 


“Plastoflex’’ DBE (1 


7KP’-555 (54) 


“‘Flexol’’ 8N8 (68 


“TP-90” (66) 


Acetin, ‘‘Kesscoflex’’ MOA (45) 


Diacetin, “Kesscoflex’’ DIA (45 


Triacetin, ‘“Kesscoflex” TRA (45) 
_ Tripropionin im 








STRUCTURAL FORMULA 


SP. GR. 
AT 
25° Cc. 


R. t. 
AT 
25° C. 





Glycerol tributyrate 
.Glycerol ether acetate 
Glycol derivatives 
. Ethylene glycol dipropionate 
. Ethylene glycol dibutyrate 
. Diethylene glycol dipropionate 
>. Triethylene glycol diacetate 


. Triethylene glycol dipropionate 


Triethylene glycol di-(2-ethylbutyrate) 
. Triethylene glycol di-caprylate-caprate - 
Triethylene glycol di-(2-ethylhexoate) 


. Triethylene glycol dicaprylate 

. Tetraethylene glycol dicaprylate 

- Polyethylene glycol 200 di-(2- 
ethy lhexoate) 

- 3, 2,6 


Hexanetriol 


. Polyethylene glyco! 200 


. Polyethylene glycol 300 
. Polyethylene glycol 400 
- Polyethylene glycol 600 
. Polyethylene glycol 1000 
Polyethylene glycol 1500 
. Polyethylene glycol 1540 
- Polyethylene glycol 4000 
. Polyethylene glycol 6000 
. Polyethylene glycol 20M 
. Polypropylene glycol 400 
. Polypropylene glycol 750 
. Polypropylene glycol 1200 
- Polyalkylene glycol derivative 
- Methyl phthalyl ethyl glycolate 
. Ethyl phthalyl ethyl glycolate 
14. Butyl phthalyl butyl glycolate 


r 


Di (2-ethylhexyl) diglycolate 


Polyoxypropylene glycol 


ethylene oxide 


- Polyoxypropylene glycol 


ethylene oxide 


- Polyoxypropylene glycol 


ethylene oxide 


- Polyoxypropylene glycol 
ethylene oxide 


Hydrocarbon 
* Hydrocarbon, synthesized 
* Hydrocarbon type 


“- Hydrocarbon type 


* Hydrogenated tripheny! 
«4. Hydrocarbon type 
5. Hydrocarbon type 
Hydrocarbon type 
* Polyaromatic hydrocarbon 


oil 


* Polyaromatic hydrocarbon oil 


<7» Aromatic hydrocarbon condensate 


Aromatic hydrocarbon 
Aromatic hydrocarbon 


«- Hydrocarbon type 


* Code for column headings 
M P. 


Sp. Gr. 


melting point; S in water 


specific gravity; 


C gH s(OCOC 5H >) CisHade 


- C21H3s0 


(CH ,OCOC Hs). 
(CH ,0COC 3H 7), 
(CH ;CH ,COOCH {CH ;),0 
(CH OCH CH ,OCOCH ;), 
(CH,0CH,CH20C0C3Hs)2 
C sH y ;CO(OC 3H 4) SOCOC sH 1, 


CoH 1404 
C rol 1604 
CioH1g05 
Cio 1906 
Ci2H 2206 
C ipl 3406 


C gH ysCO(OC FH4)sO0COC ys 9 Cag a2 
(CH ,0CH {CH COC #Hi5)2 Caz 4206 


(C H ysCOOCH ,CH 0CH CH 2)20 Ca4Ho607 


C,H, ,CO(OCH,) OCOC,H, P 


HOCH 2 CH(OHX(CH ,) ,CH ,OH 


HO(CH,CH ,0),H 


HO(CH ,CH,0),H 
HO(CH ,CH 20) ,H 
HO(CH ,CH,0),H 
HO(CH ,CH,0),H 
HO(CH,CH,0),H 
HO(CH ,CH,0),H 
HO(CH ,CH,0),H 
HO(CH ,CH20),H 
HO(CH ,CH,0),H 
HO(C 3H,0),.H 
HO(C 5H,0),H 
HO(C ,H,¢0),H - 


CH,OCOCsH,4COOCH2,COOC2Hs — Cy gH 14 


C,HsO0COC.H,COOCH,COOC2Hs  Cy4H160¢ 
C4H,OCOC,4H,4COOCH ,COOC,H, 
O[CH,-COO-CH,—CH(C ,H,)C ,H 


CigHa40s 


CoH 5,95 


40-50% 
C,H,O 
20-30% 
C,H,0 
40-50% 
C3H,0 


9)2 
HO(C 2H 40) (C 3H60),(C2H4O)-H 
HO(C 3H40)9(C3H,0),(C2H,0) -H 
HO(CH,0),(C 3H,60),(C2H,O)-H 


HO(C 2H,0).(C 3H60),(C 2H,0)-H 80-90% 


C3H,O 


[(CH 3) 2C yoH sCH a] gf (CH 3) 2CioHs] 


12 


15,000-20 ,000 
400 avg. 7 
om 

1200 avg. 
266 
_ 280 


358 
2000 


2000 


0.948 @ 15.6° 
=— = 


1,00 1- 1.007 


1.035° 
1.140 


1.4359° 
1.445 


__1.054615° 

q__1.024¢0° 
1.066 ° 
1.115 
1.066 
0.9946° 
0.965 


14386000 
1.4404° 19% —<0.01_ 
1.445585 
0.9679° 1.4441 207 —_1,856200° 
0.966 1.453 205 . 
0.985 1a 


4 -_ 20 0—Cti«C- 
9,9892° 1.4470° 202 





0.01 


— a 


ae 


1.004 
1.003 
0.995 

__1.220 

1.180 
1.097 

0.961 

1.05-1.06 


1,025-1.035 


1,04-1.05 


0.873 
ca. 0.96-0.97 
1.004-1.005 


1.4893 - 
ca, 1,541.55 - 
1.567-1.568 174 


1,560-1.575 174 


1,02-1.07 L6 121 


_ 1.09 aad 
1.051 @ 15.5° 7 


0.944 @15.6° L 5556 146 
asses 49 | 
“1.60-1,62 > 140 0.05162 
1.61 160 


1,045° 





= 





R.L = 


0.9786 @ 15.6° ~ 
_0.8899° —Si.49 135 = 





refractive index; F. P. = flash point (Cleveland and Open Cup); V. P. = vapor pressure; B. R. = boiling range, 
solubility in water; CA = cellulose acetate; CAB = cellulose acetate butyrate; CN = cellulose nitrate; EC = ethyl cellulose; PM = polymethy! 


methacrylate; PS = polystyrene; VA = polyvinyl acetate; VB = polyvinyl butyral; VC = vinyl chloride; and VCA = vinyl chloride acstate, 
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MODERN PLASTICS ENCYCLOPEDIA ISSUE 








.R. 


S. IN 
WATER 


COMPATIBILITY WITH PLASTICS® COMMON NAMES, TRADE 





DESIGNATIONS, AND TRADE 
CA CAB CN EC PM PS VA YB YC VCA MARKS#¢ FOR PLASTICIZERS 


MANUFACTURERS® 





°C. 


315 


211 

240 te 
i: rained 
89. 170-197 ¢20 mm. _ 
90. 138-142 @2 mm. 
1. 1965 mm. 
92, 180-247 e2.5 mm. 
3. 219¢5mm. 
94. 227-278 26 mm. 


95. e 


96. 


__0.160 
o.oo * 


% by wt. 


__ 0.010 


Tributyrin 





“90” (9) 





Ethylene dipropionate 





Ethylene dibutyrate 


| 
| 


‘“Flexol” 3GH (68) 


alalalalalalajalajla 


. Flexol - 3G0 (68) 


alalalalalalalalaala 


DP-200 (24) 
“Flexol’’ 4GO (68) 








- “Carbowax” 200 (68), P-4 (9) 











“‘Carbowax’’ 600 (68), P-13 (9) 





“Carbowax” 1000 (68) 





**Carbowax’’ 1500 (68), P-34 (9) 


“‘Carbowax’’ 1540 (68) 





__ “Carbowax” 4000 (68) __ 








**Carbowax’”’ 6000 (68), P-90 (9) 





189@5 mm, 
190 @5 mm. 


219@5 mm. 


= “‘Carbowax’’ 20M (68) 


~ Polyglycol P 400 (23) 


Polyglycol - 750 (23) 





Polyglycol P 1200 (23) : 
“‘Flexol’’ B-400 (68) 
“Santicizer”’ M-17 (47) 





“‘Santicizer’’ E-15 (47) 
“Santicizer’’ B-16 (47) 





315-393 


340-396 


340-396 
300-370 


“Pluronic”’ L44 (71) 


**Pluronic’’ L62 (71) 


“Pluronic’’ L64 (71) 


‘*Pluronic”’ F68 (71) 


P “*Conoco’’ H-300 (18) 


“Neville’’ R-29 (51), ‘‘Picco”’ 
10 (36, 55) 


en 





220 @2 mm, 


**Nevinol’’ (51) 





*Kenflex’’ (44) 
“‘Panaflex’’ BN-5 (4) 





290-379 


303-388 


‘‘Panaflex’’ BN-1 (4) 





—venaties” 2 @ 





300-370, 5 


_“Nevillac”” 10° (51) _ 





_ —_ a ne 


_‘Mobilsol”’ C (63) 
“Mobilsol’’ K (63) 





- -51 


P___“Mobilsol”” L (63) 





for compatibility: C = partially 
© trade marks for plasticizers are shown in quotation marks. 





ible, I =i 


patible. See list on page 654 for key to numbers. “Measurement made at 20°C. 


*Decomposes at temperatures in this range. ‘Pour point. 


ezes at this temperature under carefully controlled conditions, Under usual conditions, it sets to glass below —20°C. 


PLASTICIZERS CHART 


**Eldoplast”’ 45 (31), *Morflex”’ 800 (49) 


- “‘Carbowax’’ 300 (68), P-6 (9) 
“Carbowax” 400 (68), P-9 (9) __ 


31, 49 
68 


**Morflex’’ 801 (49), SC (24), “RC”? TG-8 (60) 24, 36, 49, 60 


24, 36 
bR 


68 
9, 42, 68 
9, 42, 68 
9, 29, 42, 68 
9, 42, 68 
_ 42, 68 
9, 42, 68 
42,68 
__ 42,68 
9, 42, 68 
- : a 
23 

23 

23 


-  AP-25 (55), HB-20 (47), ‘‘Piccocizer’’ 40 (55) 36, 47, 


36, 51, 5S 








STRUCTURAL FORMULA 


EMPIRICAL 
FORMULA 


MOLECU- SP. GR. 
LAR AT 
WEIGHT 25°C. 





13 


13 


3. Aromatic hydrocarbon 
134. 


Aromatic hydrocarbon 
Lauric acid derivatives 
8. Buty! laurate C4,;3H23COOC,4H, 
C,,;H2;COOCH,CHOHCH, 


C1 1H23COO(CH2),0C2Hs 


. 1,2-Propylene glycol monolaurate 
. Ethylene glycol monoethy! 
ether laurate 


. Ethylene glycol monobuty! 
ether laurate 


C41Hz3COO(CH2),0C4Hy 


__ 270 av8- 


CigH3202 


CisH3005 
c 163.0, 


C1 gH360; 


1.014 @ 15.5° _1577-1.597° 182° 





325 avg. __1.032 @ 15.5° _1.590-1.630° _212 


_0.857° 
__ 0.911 





50. Dinonyl naphthalene 


. Glycerol monolaurate C,,H23COOCH ,CHOHCH ,0OH 


Diethylene glycol monolaurate C ,,H23;COOC 4H,OC,H,OH 
. Polyethylene glycol 400 dilaurate C,,H2sCO(OC,H,),COOC, Ha; 
Maleic acid derivative 


. Di-n-buty! maleate C4H,gOCOCH : CHCOOC,4Hys 
Myristic acid derivatives 
Isopropy! myristate Ci 3H, 7COOCH(CH;), 


n- Buty! myristate C,3H27COOC,H, 


Ethylene glycol monomethy! C1,3H27COOCH,CH,OCH,; 


ether myristate 
Naphthalene derivatives 
. Mixed amylnaphthalenes 
CyoHs(CoHy9)2 


Nitrile derivative 


51. Fatty acid nitrile 


53. n-Propy! oleate 


54. Isopropy! oleate 


Oleic acid derivatives 
. Methyl oleate C,7H;;COOCH,; 

C,7H33COOC,H, 
C,7H3;COOCH(CH;), 


. Butyl oleate Cy 7H3sCOOC 4H, 


. Amyl oleate C47H33COOCsH,, 
. Octyl fatty acid esters 


. Ethylene glycol monomethy! C,H, 7CH = CH(CH2)7COOC,H,OCH; 


ether oleate 
. 1,2-Propylene glycol monooleate C1 7H33;COOCH,CHOHCH; 


. Ethylene glycol monobuty! C, 7H; 3COOCH2CH,0C,4H, 


ether oleate 
. Tetrahydrofurfuryl oleate C,7H;3COOCH2-OC,4H;, 


. Glycerol monooleate C4 7H33;COOCH,CHOHCH,0H 


. Diethylene glycol monooleate C, 7H 3,;COOC,H,OC,H,OH 


. Diethylene glycol monoetiy! C,7H33COO(CH,CH,0),C3Hs 


ether oleate 
Palmitic acid derivatives 
- Isopropyl! palmitate C,s5H;,COOCH(CH;), 
C1sH3;COOC,4H, 
CisH3;COOCsH;7 
CisH;,COOCH,-OC,H, 


. m- Buty! palmitate 
. lsooctyl palmitate 
Tetrahydrofurfuryl palmitate 
Paraffin derivatives 
. Chlorinated paraffin 


. Chlorinated paraffin 


* Chlorinated paraffin 


é- Chlorinated paraffin 


‘3+ Chlorinated paraffin 


17 


Pelargonic acid derivatives 


- Diethylene glycol dipelargonate (C,H, ,7COOC 2H,),0 


S 


- Triethylene glycol dipelargonate (CH ,0CH 2)2(CH20COC gH, 7)2 


_Cailso03 
CagHa60, 


_CasH420s 


CisHy00, 


CraH200%4 


Cy 7H 3402 
CisH3602 
C,7H3403 


CioHe-nCsHiv,n  - 


CasHas 


CigH3602 


CaiHyoO2 


CaiHeo02 
C22H4202 


Ca1H 4905 


C2 1H400, 
CaaH, 204 


C24H 50, 


Cc 19H 3,02 7 


324 
_ 34 


Ca2sH4.02 


+ 367 


C2r0H4002 


C24H4g02 
C21H4003 


CoH 37Cls 


CasH4sCl, 


Ca4Hy3Cly 
CoH 4Cly 
CagHa9Cla, 


C22H420s 
CaaH e606 


0.849 
0.861 
0.895 


146 


174 


174 


1.432 
1.4394 


1.4406 


0.92-0.94 


0.946° 


1.5452 
1.549° 


149 <0 


381 


174 - 0.004 


263 0.847 1.462 @ 30° “_ 180 1.0014 


296 0.870 
0.861 
0.866 

~ 0.865 


1.4505 = 16 
_ on = 


339 
; 0.876 
~ 0.864 
341 _(0.895-0.902 
220 
0.91-0.92 


3 
395 


1.4545 186 © 


1.4520 210 <0.06 
1.453-1.455 197 0.23 





341 : 


7 (0.921-0.923 1.4622 210 


387 0.945 


371 0.938 


299 0.830-0.850 1.425-1.445 - 
1.4429 185 


0.865 
369 ___0,863° ~ 213 
341 2 Peat _ cl . acd 


1.13-1.14 


455 
594 


1.500 


1.162-1.175 ~ 


None 


None 
1.13-1.17 
1.18 
1.16-1.17 


580 
556 
1060 


1.504 
1.518 
1.535 


None 
None 


None 


387 
431 


0.966° 1.445-1.446 210 
0.964° - 216 





M 


me 


* Code for column headings: Sp. Gr specific gravity; R.1. = 
P melting point; S. in water 


thacrylate; PS = polystyrene; VA 


refractive index; F.P. = flash point (Cleveland and Open Cup); V. P. = vapor pressure; B. R. = boiling range 
solubility in water; CA = cellulose acetate; CAB = cellulose acetate butyrate; CN = cellulose nitrate; EC = ethyl cellulose; PM = polymet’ 
polyvinyl acetate; VB = polyvinyl butyral; VC = vinyl chloride; and VCA = vinyl chloride acetate, 


MODERN PLASTICS ENCYCLOPEDIA ISSUE 








COMMON NAMES, TRADE 
DESIGNATIONS, AND TRADE 
MARKS FOR PLASTICIZERS 


Ss. IN COMPATIBILITY WITH PLASTICS® 


WATER 


CA CAB CN EC PM PS VA VB VC VCA 


MANUFACTURERS® 





"e > % by wt. 
135-240 
163-275 _ 





P__‘‘Dutrex”” 25 (61) 
p__‘‘Dutrex’’ 20V (61) _ 


_C = © © 
= © - © € 
Cc 


- C - C C - 


— __‘‘Kesscoflex’’ BL (45) 
“‘Nopco’? (53) _ 





Ethoxyethy! laurate 


156-198 @5 mm, 


~3to-12 . c ¢€ - C€- C.C 


C  Butoxyethy! laurate, ‘‘Kesscoflex’’ 
BCL (45) 
“‘Morpel’’ X-574 (49) 


**Glaurin’’ (32) 
“‘Nopalcol”’ I-L (53) 


26-28 . Cc 


O11 mg  ¢ 





" “Morpel’? X-870 (49) _ 
“Witeo” DGL (70) 








C ‘*Morpel’’ X-928 (49) 





“RC” DBM (60) 











“‘Morpel’’ X-929 (49), “Pentalene’”’ 195 (548) 


C ‘*Morpel’’ X-841 (49) 


0. 200-270 @ 20 mm. 


330-360 ’ -_ ss C_ “Arneel’’ SD(7), ODN(36) | 





‘*Eldo” (31), ‘‘Emery’’ 2301 (27), 
“‘Nopco’’ 2060 (53) 


_P “Emery” 2302(27)_ 


“Morflex’’ IPO (49) 


~ “Harflex’’ BO (35) 
“*Kesscoflex’’ BO (45) 
“‘Morpel”” X-930 (49) 


52. 167-170@2 mm. 


53. 181-189@2 mm. 


54. 173-181@2 mm. 
190-230 @ 6.5 mm. 








“Nopco” 2067-A (53) 
“RC”? butyl oleate (60) 
“Witcizer’? 100-101 (70) 





156 200240020 mm. 


7. 210-239@4 mm. 





— ‘*Ohopex’’ R-9 (54) 
* 198-225@4 mm. Methoxyethy! oleate 
Kapsol (54) 


**Kesscoflex’’ MCO (45) 


aaa —19to —22 __Ins. 


<-45 Ins. Butoxyethyl! oleate, ‘‘Kesscoflex’’ BCO (45) 


-25 Ins. 


18 Ins. 


“Plastolein’” 9250 (27), “Plastoflex”” VS (1) 
**Emery”’ 2221 (27) 
“‘Morpel’’ X-570 (49) 


“*Morpel”’ X-565 (49), ‘‘Witco’? DGO (70) 
‘‘Nopalcol’’ I-O (53) 


**Witco’’ GMO (70) 


<-10 Ins. 


0 to-15 Ins. 


“RC” 016 (60) 


“‘Chlorowax’’ LV (21) 
“Clorafin” 42(38) **Stan-Chlor-Oil”’ (36) 
CP-40 (39) w-40 (9) 
“*Cereclor’’ 42 (41), ““Chlorowax’’40(21) 
“Chlorowax”’ 50 (21), W-50 (9) 
**Chlorowax’’ 70 (21) 
- 40 Ins. I Cc + Cc “‘Morpel’’ X-931(49), ‘‘Plastolein’’ 9055 DGP (27) 


25 mm. +1lto-4 0.1 I P cS ¢ Cc ¢€ C ‘Plastolein’”’ 9404 TGP (27), ‘‘RC’’ TG-9(60) 


61 
61 


24, 30, 45, 49 


24, 32, 45, 49, 53 


49 
45, 49 
24,28,32,45,49 


1,24,32,45, 
49,53,70 


32,45,49,53 
11,52,60 
8,45,52 


8,45,52 
52 


49,S4a 


7,36 


1,8,27,31,53,65 
27,35,45,52 
35,45,49 


1,8,17,30,35,36,45, 
49,53,54,60,64,70 


~ 49 
45,54 
45,54 


28,32,45,49 
32,45,49 


1,27 
24,27,28,32, 35 
45,49,64,70 


1,28,32,35, 
45,49,53,70 


29 


8,45 
30,45,53 
45,46,49,60 
22 


21 
9,36,38,39 


13,21,41 
9,21 


21 


27,49 
27,49, 60 





ompatibility: C = compatible, P = partially compatible, I = incompatible. © See list on page 654 for key to numbers. 
ent made at 20°C. 4 The trade marks for plasticizers are shown in quotation marks. 
ses at temperatures in this range. Pour point 


PLASTICIZERS CHART 








STRUCTURAL FORMULA 


MOLECU. SP. GR. 
LAR AT 
WEIGHT 25° Cc. 





Pentoerythritol derivative 
176. Pentaerythritol fatty acid ester 
7 Phosphoric acid derivatives 
177. Triethyl phosphate 
178. Tributyl phosphate 
179. Tri-(2-ethylhexyl) phosphate 
180. Tributoxyethy! phosphate 
181. Triphenyl phosphate 
182. Cresyl diphenyl phosphate 


183. Tricresyl phosphate 


184. Tri-dimethylpheny! phosphate 


185. Alkyl! phosphate ester 
186. Alkyl ary! phosphate 
187. Diphenyl mono-o-xeny! phosphate 


188. Tri-p-tert-butylpheny! phosphate 
189. Diethyl ethylphosphonate 
190. Dibuty! butylphosphonate 


191. Bis(2-ethylhexy!) 
2-ethy hexyl phosphonate 


192. O, O, O-triethyl phosphorothioate 
193. O, O, O-tributyl phosphorothioate 
194. 0, O, O-triisodctyl phosphorothioate 
195. Tris(2-chloroethyl) phosphite 


196. Trichloro ethyl phosphate 


Phthelic acid derivatives 
197. Dimethyl phthalate 


198. Diethyl phthalate 


199. Dipropyl phthalate 
200. Dibutyl phthalate 


201. Di-isobutyl phthalate 
202. 


- Dihexy!l phthalate 


Diamy! phthalate 


- Dimethylisobutylcarbiny] 
phthalate 


- Butyl octyl phthalate 


Butyl octyl phthalate 





- Butyl isodecy! phthalate 
(Decy! butyl phthalate) 


- Amy! isodecy! phthalate 
(Decy! amy! phthalate) 
209. Di-n-octyl phthalate 


210, Di-isoocty! phthalate 


*Code for column headings: Sp. Gr. = 
M. P. = melting point; S. in water 
methacrylate; PS = polystyrene; VA 


(CaHs0)3PO 
(C4Hy0)sPO_ 
[C4HyCH(CaHs)CH,01PO_ 
(C,H,OC2H,O),PO 
 (CHs0),PO 


(CH 5C4H,OXC6H 50) 2PO 


(CH 3C6H 40) sP 


[(CH 3)2C6H ,0] ,PO 


(Plas. for polyvinyl! alcohol) ; 
(CgH 10XCgH50),PO 
(C6H50)2(C6H sCoH,O)PO 


{(CH 3)sCCeH,0] ,PO 
C,H sP(OKOC,H mm ; 
C4HgP(OXOC Hy), 

C,H 17P(OKOC,H 17)2 


(C,H50) PS 

(C4Hg0)5PS 

(CyH,70)5PS 
(CLCH ,CH :0) 3P 


_(CLCHCH,0),PO _ 


Ca4H2704P 


0.997 


See 2 


CoH 1s04P 182 
266 
435 
—- 


326 


1.065-1.072° 1.4055° 4 y 


0.973-0.983° 1.4226° 


___ 0.9260° — 1.4434° 


1.020 


1.185 1. 563 
1.208 1.560 





Ci2H270,P 
CagHs10,P__ 





07 1.9 

A M_—-< 0.10 
2 
232 


2007 


CigHs90,P 
CigH1s04P 





CigH 140 4P 


5.( 


Ca3H2104P 


1.165-1.168° 1.5531.556 230-235 <0.02 


1.5535 


148 —~«CC‘ 


C2oH2704P — 


1.089-1.093 1.507-1.510 224 


1,20 @60° 


CagH 190 4P 1.582- 1.590 225 
@60° 


C3oH 3904P 


CoH 1505P 


Cer 4 
CagHs105P 


1.4310° 


1.4481° 
C6H1503PS 1.074 
C12H2705PS 


CagHs105PS _ 


0.987 
0.933 


__1.353° _ 
1.425 @20°C. - 


1.4491 


_1.4580 _ 210 


= 





C.H,(COOCH;)2 
C,H4(COOC,Hs), 


C,H ,(COOC 3H;), 
C6H(COOC 4H,)2 


CeH 4[COOCH 2CH(CH 5) a] 2 
C6H,4(COOCsH 11). 
C.H4(COOC.H; 3)2 

C,H .{ COOCH(CH ,)CH,CH(CH 5) 2] 2 


C4HgOCOC.H,4COOCgH 17 


_CisHr6O, 


CioH 1004 194 1,189-1.191 
1.192-1.194° 


1,118-1.123° 


1.5168° 


C1 aH 1404 222 1.5019° 


14m 


1.4926° 


_ 1.071 
1.042 


250 
278 


Ci gH 


Ci6H 220. 170-175 


1.040% 1.4900 
1.022 1.488° 
0.990098 

0.983 


Ci6H2204 


Cao 3004 


CoMesOe 1.4764 


C20H 300% 334 


- 377 


‘1,005-1,011° 1.4837 


0,989 1.4850 





C4HgOCOC,H,4COOC i oH a1 


C5H, ;OCOCsH,COOCoHa1 
C6H4(COOCgH, >), 


C6H4(COOCsH;7)2 


Ca3H 360 


CagH3 4% 363 0.992-0,998 


Cag 3294 


CaqH 3004 


specific gravity; R. L = refractive index; F. P. = flash point (Cleveland and Open Cup); V. P. = vapor pressure; B. R. = boiliny 
solubility in water; CA = cellulose acetate; CAB = cellulose acetate butyrate; CN = cellulose nitrate; EC = ethyl cellulose; PM = po 
polyvinyl acetate; VB = polyvinyl butyral; VC = vinyl chloride; and VCA = vinyl chloride acetate. 


MODERN PLASTICS ENCYCLOPEDIA /|55UE 








COMPATIBILITY WITH PLASTICS 


CA CAB CN EC PM PS VA VB VC VCA 


COMMON NAMES, TRADE 
DESIGNATIONS, AND TRADE 
MARKS¢ FOR PLASTICIZERS 


MANUFACTURERS® 





o 





e “Hercoflex”’ 600 and “‘Hercoflex’’ 700 (38) 


38 





-56 a cc - c 
<-80 0.60 ¢¢ ¢ 
-74' —<0.01 
<-7 O1 
49.9 002< 


c as 


 C “Flexol”* TOF (68) 
Cc KP-140 (54) 


~ 9.002054" c Cc 


**Celluflex’’ TPP (16) 


26 

17,54 

68 

54 
2,16,22,23,47,48 





-40 Ins. ; - C “Celluflex’’ 112(16) 
“Kolflex’’ (46) 

<-35 

“*Kolflex’’ (46) 

“Kronitex’’ (54) 


~35 0,002@25° P 


(pour pt.) 
**V-C’’ 1-318-19 (69) 
“*Santicizer”’ 141 (47) 


Dow P-5 (23) 


Dow P-77 (23) 


“‘Celluflex” CEF (16) 





“‘Palatinol’’ M (9) 


“Palatinol” A (9) 
“Witcizer”’ 322 (70) 


“Celluflex’? DBP (16) 
“Darex’’ DBP (20) 
DBP 705 (58) 
“Griffin” DBP (34) 
“Harflex’’ 140 (35) 
“Kolflex” (46) 
“Morflex” 140 (49) 


“*Harflex’’ 160 (35), ‘‘Morflex’’ 160 (49) 
“Plastoflex’’ 520 (1) 


“Elastex’’ 48-P (11), 


“PX"-914 (57) 
BDP 710 (58) 
“Elastex’’ 40-P (11) 
“*Kolflex”’ (46) 
“Morflex” 135 (49) 
“Staflex”” CP (19) 
“Witcizer” 316 (70) 
“Morflex”’ X-926 (49) 


“‘Darex”’ DIOP (20) 
“D.1.0.P.” (54) 
DIOP 735 (58) 
“Elastex” 10-P (11) 
“Griffin” DIOP (34) 
“Harflex” 120 (35) 


“Celluflex’’ 179-EG (16) 


Trixylenyl phosphate, ‘‘Celluflex’’ 179-A (16) 


“RC” BOP (60) 


““Santicizer’’ 140 (47) 16, 36, 46, 47, 


48 


3,16,22, 
36,46,47 A8, 
50,54,57 


16, 36, 48 


; “Lindol” (16) 
“PX’"-917 (57) 


69 
47 
23 


23 
69 


69 
69 


69 
69 
69 
__ 6 


16 





9,11,22,26,29, 
35,37,43,46,47 

9,11,22,26,29,37, 

43,46,47,48,67,70 

- 22 
“Palatinol” C (9) 3,9, 11, 16, 17, 
“Polycizer” DBP (36) 19 29, 22, 26, 29, 
“PX"-104 (57) 44, 35, ~ 37, 43, 
“RC ” DBP (60) , , ” , . 
46, 47, 48, 49, 50, 


‘Staflex” DBP (19) 
“Witcizer” 300 (70) 54,57,58,60,62, 
67,70 


26,35,37,48 
22,37,46,67 
35, 49 

1 


11,26,37,46,60 


“PX""-114 (57) 
“RC” BIDP (60) 
“*Santicizer’’ 603 (47) 
“Staflex’’ BDP (19) 


57, 58, 60 


3,20,37, 
48,49, 63 


3,11,19, 
20,26,34,35, 
37,38,46,47, 
48,49,50,54, 
57,58,60,62, 

67,70 


‘‘Hercoflex’’ 200 (38) 
“*Kolflex”’ (46) 
“*Morflex’’ 100 (49) 
“PX’*-108 (57) 
"RC" DIOP (60) 
*Staflex’’ DIOP (19) 
“‘Witcizer’’ 313 (70) 





compatibility: C = compatible, 


P = partially compatible, I 
rement made at 20°C, 


4 The trade marks for plasticizers are shown in quotation marks. | 
20 Se8 at temperatures in this range. ‘Dour point. 


PLASTICIZERS CHART 


= incompatible. See list on page 654 for key to numbers. 








MOL ECU- SP. GR. 
LAR AT 
WEIGHT 25°C. 


EMPIRICAL 


STRUCTURAL FORMULA FORMULA 





211. Dicapry! phthalate C,H4(COOCgH 17) . k 0.965-0.970 1.480*° 


212. Mixed alcohol phthalate Blended alcohol CagH 3,0, 0.9861° 1.4844 
(average 8carbon) phthalate 
213. Di-(2-ethylhexy!l) phthalate C,H ,(COOC,H ,,), Ca4H 390, ; 0.9861 1.4859° 
1.483 


214. Di-(2-ethylhexy!) 6H 1ol COOCH 2CH(C 2H s)C4Ho! 2 Ca gH a 4O, : 0.9586° 
hexahydrophthalate 


215. Dinony! phthalate 6H 4(COOC5H 16)2 Cadle Da 0.965-0.972 


216. n-Octyl-n-decy! > 7OCOC 6H 4COOC 10H 2; Ca6H420, 0.968 
phthalate 


+ Octyl decyl phthalate POCOC 6H 4COOC ; oH 2, Ca6H420,4 0.967-0.977 1.481-1.485 228-232 0.01 
(Isooctyl isodecy! phthalate) 
(Isoocty! decy! phthalate) 


. Di-decyl phthalate gH 4(COOC 10H 21)2 7 ~—s-: 0.96 4-0. 966 1.479-1.483 221-235 


(Di-isodecy! phthalate 


219. Blend (50/50) of di-octy! and 0.974 
di-octyl-decyl phthalates 


220. Blend (50/50) of di-octyl and - 0.972 
di-decy! phthalates 


21. Mixed alcohol phthalate - - 0.9729° 


22. Mixed alcohol phthalate - 0.9941° 
3 


223. Mixed alky! phthalates Blend of 2/3 DIDP and 1/3 BBP 1.004-1.014 
224. Mixed alkyl phthalate Blend of 1/2 DIDP and 1/2 BBP 1.029-1.039 
225. Mixed alkyl phthalate Blend of 1/3 DIDP and 2/3 BBP 1.005- 1.065 


226. Mixed alkyl phthalate Blend of di-isoocty! and 0.973 
di-n-octyl-n-decy! phthalate 

227. Alkyl phthalate - - 0.956 

228. Fatty acid phthalate . - 0.952° 1.478 


229 


229. Monomeric phthalate ~ 0.9840° 1.4875° 
230. Diallyl phthalate C6H4(COOCH2CH = CH2)2 Cries 2 1.120° 1.516° 
231. Dihydrabiety! phthalate . - 1.055° 1.513° 
232. Butyl cyclohexy! phthalate C6H4(COOC4H,) (COOC.H,,) Cy gH240, 1.076 1.5071° 
233. Butyl benzyl phthalate (BBP C 6H4(COOC4Hg X(COOCH 2C 6H s) speH 20%, 1.111-1.119 1.5336-1.5376 
234. Dicyclohexyl phthalate C 6H 4(COOC 6H41)2 20H2 604 1.148° 
235. Di(methylcyclohexy]) sC 6H yp OCOC gH4gCOOC 6H yo CH, Sa2H 3004 1.075 

phthalate 
236. Diphenyl phthalate C6H,(COOC.6Hs)2 ‘sollacOe 1.28 
237. Alkyl aryl phthalate R,OOCC,H,COOR, - < 1.052-1.056° 


238. Alky! aryl phthalate R ,OOCC.4H,COOR, 1.033° 
239. Dimethoxyethy! phthalate C,H4(COOC ,H,OCH 5). 4H 1906 1.171° 


240. Diethoxyethy! phthalate C 6H4(COOC 2H4OC pHs). 16H220% 1.120° 


241. Dibutoxyethy! phthalate C 6H 4(COOC zH4OC4Hg)2 *g0H 3006 1.063 483 


242. Bis-(diethylene glycol C6H4(COOCH2CH,0CH2CH,0C 4H s), Ca0H30%s 1.12-1.14 492, 
monoethyl! ether) phthalate 


243. Glycerol phthalate - - 1.04 .5029 


243a. Methycyclohexy! isobutyl phthalate CH sC 6H , p(OA(OCC,H,CO)OC,H, Ci gll 50 1,054 .5005 
244. High molecular weight - 1.0394 @30 1.4980 @ 30 216 
phthalate 





* Code for column headings: Sp. Gr. = specific gravity; R. I refractive index; F. P flash point (Cleveland and Open Cup); V. P vapor pressure; B. R. = boiling r@n¢ 
M. P melting point; S. in water = solubility in water; CA = cellulose acetate; CAB = cellulose acetate butyrate; CN = cellulose nitrate; EC = ethyl cellulose; PM = polym 
methacrylate; PS = polystyrene; VA = polyvinyl acetate; VB = polyvinyl butyral; VC = vinyl chloride; and VCA = vinyl! chloride acetate. 


MODERN PLASTICS ENCYCLOPEDIA ISSUE 








S. IN 
WATER 


COMPATIBILITY WITH PLASTICS® 


CA CAB CN EC PM PS VA VB VC VCA 


COMMON NAMES, TRADE 
DESIGNATIONS, AND TRADE 


MANUFACTURERS 
MARKS® FOR PLASTICIZERS 





% by wt. 
<0.03 


120-230 
4 mm, 


_46' <0.01 


31 @ Smm. 


cP €c Cc € 


Cc h€U¢ 


Cc 


DCP 715 (58) 
“‘Elastex’’ 80-P (11) 
“‘Harflex’’ 180 (35) 


“‘Good-rite’’ GP-261 (33), 


“Celluflex’’ DOP (16) 
“Darex” DOP (20) 
DOP 745 (58) 
“Elastex” 28-P (11) 
“F lexol”” DOP (68) 
“Griffin” DOP (34) 
**Harflex’’ 150 (35) 
“Kolflex” (46) 


Cc 
-_ 


Cc 


Cc 


“Flexol”” CC-5S (68) 


“Morflex’’ 190 (49) 

“Palatinol’’ DN (9) 
“Dinopol’’ 235 (54) 
DNODP (47) 
“Hercoflex’’ 150 (38) 


“Cabfiex’® ODP (12) 
“Darex” IOIDP (S) (20) 
“Dinopol” IDO (54) 
“Dinopol’* 235 (54) 
“Elastex” 18-P (11) 
“G ood-rite” G P-265 (33) 
“H arflex’? IODP (35) 


“*Morflex” 110 (49) 


**Monoplex’’ DCP (59) 
“‘Morflex’’ 120 (49) 


11, 35, 37, 49, 
58,59 


“Polycizer” 162 (36) : 33, 35, 6, 37 


9,11,16,19, 
20,26,34,35, 
37,46,47,48, 
49,50,54,57, 
58,60,62, 
68,70 


“Palatinol”’ AH (9) 
“PX*-138 (57) 

“RC” DOP (60) 
“Staflex” DOP (19) 
“Witcizer’’ 312 (70) 
Dioctyl phthalate, DOP 


68 


“Staflex’’ DNP (19) _—-9,19,26,37,49 
“Morflex” 125 (49) 
“PX"".314 (57) 
“RC” N-ODP (60) 
“Staflex’’ 500 (19) 
“Kolflex” (46) 
“‘Morflex’’ 175 (49) 
ODP 740 (58) 
**Polycizer” 562 (36) 
“PX” - 118 (57) 
“Staflex” ODP (19) 
“Witcizer’’ 321 (70) 


“19,37,38,46,47, 
49,54,57,60 


11,19,20,26, 
35,36,37,46, 
48,49,50,S4, 
57,58,60,70 





© 


€ 


“Darex” DIDP (20) 
DDP 725 (8) 
“Elastex” 90-P (11) 
“Flexol” 10-10 (68) 
“Good-rite” GP-266 (33) 
“Harflex”” DIDP (35) 
“Hercoflex” 210 (38) 
“Kolflex’? (46) 


“Morflex’’ 130 (49) 
‘*Palatinol” Z (9) 
“*Plasticizer GC-100"’ (34) 
“Polycizer” 662 (36) 
“*PX”- 120 (57 

“RC” DIDP (60) 
**Staflex’’ DDP (19) 


9,11,19,20, 
26,33,34,35, 
36,37,38,46, 
47,48,49,50, 
54,57,58,60, 

68 





**Dinopol’’ MOP (54) 
“Px” (57) 


**Santicizer’’ 601 (47) 37,47,54,57 





0.85 


~ 0.25@25° 


<0.03 @ 25‘ 


0.8@25° 


Cc 


C “Flexol” 810 (68), “‘Staflex’? LP (19) 


Cc 
“ec 
Cc 
Cc 
Cc 


Cc 
Cc 
= 
Cc 
Pp 
Cc 
Cc 


Pp 
Cc 


Cc 
c 
Cc 
c 
e -¢€ i - 2 «£ 


I ; Cc 


~¢ ( c 


Cc 


Cc 


“‘Darex’’ IOIDP (B) (20) 
wi te (57) 


“Flexol” 426 (68) 

“Santicizer” 606 (47) 
“Santicizer” 611 (47) 
“Santicizer’’ 614 (47) 


“Dinopol’ MOP (54) 
**Hercoflex’’ 250 (38) 


“Pittsburgh PX’’-313 (57) 


**Santicizer’”’ 602 (47) 20,37 ,47,57 


19,68 
68 


“Palatinol’’ AG (9) 


“‘Kolflex’”? 233 (46), ‘“Ohopex’’ Q-10 (54) 


“Flexol” 380 (68) 
“Cellolyn” 21 (38) 
**Elastex’’ 50-B (11) 
‘*Palatinol’’ BB (9) 
**Santicizer’’ 160 (47) 


DCHP 730 (58) 
**Elastex’’ DCHP (11) 


“Sextol’’ phthalate (40) 


“Staflex’’ HS-10 (19) 
“Staflex’’ HS-31 (19) 


“Kesscoflex’ MCP (45) | 
**Methox”’ (54) 


“*Kesscoflex’”’ BCP (45) 
**Kronisol” (54) 


Di-‘Carbitol” phthalate 


11 
9,47 

KP-201 (54) 11,37,40,54,58 
40 


47 
19 
19 


**Palatinol”’ O (9) 9, 22,26,45, 
54 


22,46 
**Palatinol’’ K (9) 9, 22,45,54 


54 


Diethoxyethoxyethyl phthalate 


“Esterflex’’ B-1 (64) 


“Staflex’’ KA (19) 


64 


40 


19 





ompatibility: C = compatible, P = partially compatible, I = incompatible. » See list on page 654 for key to numbers. 


ement made at 20 °C. 


PLASTICIZERS CHART 


‘The trade marks for plasticizers are shown in quotetion marks. 
Ses at temperatures in this range. 








MOL ECU. SP. GR. 
STRUCTURAL FORMULA LAR AT 


WEIGHT 28° Cc. 





245. High molecular weight 
phthalate 


Polyesters 


246. Polyester 1.15 1.4719 o 


1.107 1.4803 >i 
1.055  1.4685° 288 
0.9517. 1.4521° 200 


247. . Polyester 
248. “Polyester 


249. Polyester 


1.075°  1.463-1.464 277 


1.031 1.4589 260 
095 #£—— =. 


250. ‘Polyester 


21, Polyester 


252. : Polyester 





253. Polyester ee ae ost 1.06 


1.4699 316 





254. Polyester —s AM 1.4710 ani 292 = 


35. Polyester _ 108 14660272 


256. Polyester - a 


_= 1.4719 
258. Polyester - - ee 0,999 — = 1.471 
259. Polyester : —_ __ 1.03 — 1.460 


257. Polyester 0.9898 


260. Polyester 7 1.22 


261. Polyester - 0.9213 - 


262. Polyester - ae ___0,9200 __ 1.4485 _ 
263. Polyester - = Oe ae = 0.9550 —_ 1.4830 
264. Polyester _ : 0.9565 ~ 
265. Polyester ; ___1,090 

266.8 Polyester 1,10° 

267. Polyester vai: 1.084 

268. Polyester ar : 1.050 

269. Polyester - 1.084 





270. Polyester - ~ 0.9180 

271. Polymeric plasticizer Derived from neopenty! glycol 1200-1300 1.060° 1.4656° 
Ricinoleic acid derivatives eas Fail ie 

272. Methyl ricinoleate C17H32(OH)COOCH; CigH3603 312 : 0.925 _ 1.4620 

273. Methyl acetyl ricinoleate C,7H 3,(0COCH 3)COOCH,; C21H 3804 355 0.938 1.4545 


274. Methyl acetyl ricinoleate - ~ ~ 0.958 1.4580 
(modified) 


275, Butyl ricinoleate C17H 3 ,(OH)COOC,4H, Ca2H4203 355 0.917 1.4620 
276. Butyl acety! C 47H 32(0COCH 3)COOC,4H, CagH gg, 397 4928 1.4555 
ricinoleate 


277, Ethylene glycol C47H32(OH)COOCH ,CH ,0H CaoH 3904 ¥A2 0.969 1.4740 
ricinoleate 


278, Propylene glycol C17H3,(OH)COOCH ,CHOHCH ; CodlaDe 357 0.960 1.4695 


ricinoleate 
279, Methoxyethyl ricinoleate C,7H32(0H)COOCH,CH,0CH, Ca1H49004 357 0.951 1.4645 
280. Ethoxyethy! ricinoleate C 47H 3 2(OH)COO(CH 2),0C 2H, C42H4204 0.929 - 


281. Methoxyethyl acetyl C17H32(0COCH 3)COOCH ,CH,0CH, Ca3H4205 399 0.960 1.4570 
ricinoleate 
282. Methoxyethy! acety! 


ricinoleate (modified) 


0.968 1.4630 


283. Glycerol C,7H 3,(OH)COOCH ,CHOHCH ,OH C21H400s5 : 0.981 1.4770 
monoricinoleate 

284. Diethylene glycol C 17H 32(OH)COO(CH ,CH 20) 2H C22H4205 0.972-0.980 
monoricinoleate 

285. Glyceryl triacety! [C 57H 32(OCOCH ,)COO] ,C3Hs 


ricinoleate 


Co sH110012 7 0.965 


Sebacic acid derivatives 


> 
286. Dimethyl sebacate CH ,0CO(CH ,)gCOOCH , Cyae0, 0.990 


287. Diethyl sebacate C 3H s0CO(CH z)sCOOC,H, CisH 3604 1.048 1.419 
2 2 2 _ 
288. 


Dibutyl sebacate C4H,OCO(CH )sCOOC,H, Cagle eOe 0.935-0.942°  1.4423° 


289. Dihexyl sebacate C6H 1 30CO(CH 2)gCOOC,sH 15 Ca2H 420, 


290. Dioctyl sebacate CgH y7OCO(CH 2)gCOOC,H 7 CasHs0%, 





* Code for column headings: Sp. Gr. = specific gravity; R. L = refractive index; F. P. = flash point (Cleveland and Open Cup); V. P. = vapor pressure; B. R. = boiling 
M. P. = melting point; S. in water = solubility in water; CA = cellulose acetate; CAB = cellulose acetate butyrate; CN = cellulose nitrate; EC = ethyl cellulose; PM = po! 
methacrylate; PS = polystyrene; VA = polyvinyl acetate; VB = polyvinyl butyral; VC = vinyl chloride; and VCA = vinyl chloride acetate. 


MODERN PLASTICS ENCYCLOPEDIA ISSUE 








s. IN COMPATIBILITY WITH PLASTICS* ae wen onges a MANUFACTURERS* 
WATER CA CAB CN EC PM PS VA VB VC VCA yaeyss BOR PLASTICIZERS 





% by wt. 


0.12 “Steflex’”’ KD (19) 


C “Admex”’ 760 (5) 
C “Admex” 761 (5) 
C “Flexol” R-2H (68) 


~C DP-100 (24) 


~ € “Plastolein” 9715 (27) 








a;aqra 





} 
| 


C “Plastolein” 9720 (27) 


2 “Paraplex”’ G-61 (59) 


| 0) VU) 
| 
| 


| 
| 


| | | | | 
lilalols ' 
alalalal 


C “Paraplex” G-25(59) 
I1__“‘Paraplex’’ G-40(S9)__ 
_C_ “‘Paraplex” G-SO(S9) 


_C _ABG (9), ‘“Paraplex” G-53(59) 


lalalvl ul vali] =| 
-|-|, 


| 
| 


im io] 


viv 


C_‘“Paraplex”” G-60(59), ‘“Paraplex” G-54 (59) 
C_ “Paraplex’’ G-62(59) 


C __DP-250 (24), ‘‘Monoplex”” S-73 (59) 
_P__“‘Hercoflex’’ 900(38) 

C  “Morflex” P-10A (49) 
C__‘‘Morflex’’ P-20B (49) 
C__“Morflex” P-30A (49) 
C__‘‘Morflex’’ P-40B (49) 


Cc “Morflex’’ P-50 (49) 


|e |= |" 


wialalalalalala 


; |= 
| 
Q | 


Be 
aj}aia 


Ce A — 


C ‘“Admex’’ 562 (5) 5 
C “Drapex” 7.7 (6) 6 
5 








C ‘“Parplex’’ G-54 (59) 





9 
— _‘*Monoplex” S-73 (59) 39 








- C - C C _ “Eastman” NP-10 (26), ‘‘Harflex” 300, 325, and 375 (35) 26,35 


~ 3 (pour pt.) Ins, Cc ; J 1  “Flexricin’’ P-1 (10), ‘‘NOPCO” 1060-C (53) 10,53 
<-30 Ins. ~ C “Flexricin’’ P-4(10) 10 
-40 Ins. Cc € , © C ‘*Flexricin’’ 61 (10) 10 


-30 Ins. “ Cc . - C ‘Flexricin’’ P-3(10), “*Staflex”’ BR (19) 10,19,45 
— 32 to —65 Ins. : Cc ; ; - C ‘‘Flexricin’’ P-6(10), ‘‘Staflex’’ BRA(19) 10, 19 


— ‘“Flexricin’’ 15 (10) 
— ‘Flexricin’’ 9(10) 


**Flexricin’’ P-1C (10) 


C ‘*Flexricin’”’ P-4C (10) 
KP-120 (54) 


C ‘*Flexricin’’ 62(10) 


“Flexricin” 13 (10), ‘‘Nopco’’ 2225-C (53) 1,10,32,45, 
53 
32.45 


-3 “Flexricin”’ P-8 (10) 10 
(pour pt.) 


V.sl.sol. C - eS. - c “‘Harflex’’ 10 (35) 35,37 
0.190 | - -_ 22 35,37 
0.01 I . . . : . . Cc ~ DBS 755 (8) “Morflex” 240 (49) 19, 34, 35, 36, 
“Griffin” DBS (34) “Polycizer’’ DBS (36) 37, 49, 50, 57, 
“Harflex’’ 40 (35) “PX".404 (57) 58, 59 

**Monoplex’’? DBS (59) *‘Staflex’’ DBS (19) 


C ‘“‘Harflex’’ 60 (35) 35 


“‘Darex’’ DOS (20) “Morflex’’ 210 (49) 19, 20, 26, 34, 
DOS 765 (58) “Polycizer’’ DOS (36) 35. 36, 37.49 
“Griffin’’ DOS (34) “*PX".438 (57) peg oe Sage 
“Harflex” 50 (35) “RC” DOS (60) 50, 57, 58, 59, 
“Monoplex”’ DOS (59) “Staflex’’ DOS (19) 60 
mpatibility: C = compatible, P = partially compatible, 1 = incompatible. > See list on page 654 for key to numbers. 
ement made at 20°C, 4 The trade marks for plasticizers are shown in quotation marks. 
poses at temperatures in this range. 





PLASTICIZERS CHART 








STRUCTURAL FORMULA 


EMPIRICAL 
FORMULA 





isooctyl sebacate 
2-ethylhexy! isosebacate 


normal-buty! isosebacate 


Dibutoxyethy! sebacate 
Butyl benzyl sebacate 
Capry!l benzyl sebacate 
Dibenzy! sebacate 


Mixed sebacate adipate 


ester 


Steric acid derivatives 


m Buty! stearate 


Octyl stearate 


Cyclohexy! stearate 


1, 2-Propylene glycol 


monostearate 


Ethylene glycol monomethyl 


ether stearate 


. Ethylene glycol monobuty! 
ether stearate 


Glycerol monostearate 


Glycery] tri-acetoxy stearate 
. Butyl acetoxystearate 


Diethylene glycol 
distearate 


. Tetraethylene glycol 
monostearate 


Tetraethylene glycol 
distearate 


. Methyl pentachlorostearate 
(stabilized) 


Styrene derivatives 
Styrene resin 
Styrene resin 
Styrene derivative 
Succinic acid derivatives 
Diethyl succinate 

. Dibutyl succinate 
Sucrose derivative 
Sucrose octaacetate 
Sulfonic acid derivatives 


. o and p- 
Toluenesul fonamide 
. N-Ethyl p- 
toluenesul fon amide 


- o and p-Toluene 


ethyl sulfonamide 


. N-Cyclohexyl 


p-toluenesulfonamide 
Tall oil derivative 
Methy! ester of tal! oil 
Tartaric acid derivatives 
Diethyl! tartrate 


Dibuty! tartrate 


C,H, ,OCO(CH ,) ,COOC ,H 17 
C,H, (COOC,H,,), 


Cc afi 1g6C00C Jy) 


(CH )s(COOCH,OC,H,)2 
(CH 3)g(COOC 4Hy XCOOCH 2CgH 5) 
CH 17OCO(CH 2)g COOCH 2CgH 5 
(CH )g(COOCH 2C¢H 5). 


C1 7H3sCOOC4H, 
C47H3sCOOCgH,, 
C47HysCOOCSH,, 

C,7H3sCOOCH,CHOHCH , 

C, 7H 3sCOOCH,CH,0CH, 

C47H3sCOOC,H,OC 4H, 


C,H 3sCOOCH,CHOHCH,OH 


[c, 7H, (OCOCH ,)COO} ,C ,H, 


C 17H 54(OCOCH ,)COOC 4H, 
(Cy 7H3sCOOC3H,),0 


C,H sCOO(CH,CH 0) ,H 


(Cy7H3sCOOCH,CH,0CH ,CH,),0 


ClsC 17H y9COOCH; 


C,Hs0COCH,CH,COOC}Hs 


C4HgOCOCH,CH,COOC,H, 


C 14H 140 (OCOCH 5), 


CH ,C,H,SO,NH, 


CH5C,H,SO,NHC Hs 


CH,C,H,SO,NHC3Hs 


CH ,CgH,SO,NHC,H, , 


CH ,0CO(CHOH) ,COOC 2H, 


C4HgOCO(CHOH) ,COOC 4H, 


C22H 4206 
Ca1H32064 
CasH40% 


C 24H 3004 


CyqH4492 
C26H5202 
Cadiads 
CasHe203 
Ca1H4203 
Cagan05 


Ca1H 4204 


Co3H 11.0 


Cae, 
Ceol 7,05 


Cre 5206 


Cagle 697 


CigH330,Cls 


Cal 149 


Ci2H2204 

Cag sa0 19 
C7H,02NS 
CoH ,302NS 
CoH, s0,NS 


C43Hy902NS 


Cg 14% 


C1 aH 7206 


0.9160° 1.4480 246 


0.910¢77° F. 1.447-1.4482 
277° F 
1.4377 
877° F 


415-440°F 


0.930-0.931 
7 © 


0.964-0.970 


177 
1.4447 
1.023 

0.9970° 

1.05 

0.93 


0.855-0.862 


0.851-0.857 


0,880-0.883 
ay”? 


0.93 
0.885 
0.877-0.882° 


0.970 


ca. 260 1.01@60° 1.5809 @60° 


ca. 310 1.04 @60° 1.5728 @60° 


ca, 250 1.08 1.599 


1.419 
1.428 


1.28° 
1.313 
1.171 @65° 


1.522 @65° 


1, 188 1,540 


206 
262 


1,19 1.445 - 


1.093 1,447 170 





* Code for column headings 
MP melting point, 
methacrylate, PS 


S. in water 
polystyrene; VA 


Sp. Gr. 


specific gravity; R. L = refractive index; 
solubility in water, CA 


F. P. = flash point (Cleveland and Open Cup); 
cellulose acetate; CAB = cellulose acetate butyrate; CN = cellulose nitrate; EC = ethy! cellulose; PM 


V. P. = vapor pressure; B. R. = boi 


polyvinyl acetate; VB = polyvinyl butyral; VC = vinyl chloride; and VCA = vinyl chloride acetate. 


MODERN PLASTICS ENCYCLOPEDIA !SSUE 














COMPATIBILITY WITH PLASTICS® 
CA CAB CN EC PM PS VA VB VC VCA 


COMMON NAMES, TRADE 
DESIGNATIONS, AND TRADE 
MARKS¢ FOR PLASTICIZERS 


MANUFACTURERS® 





32-246 @4mm. -5S0 
22-240 @ 4 mm. 


10-184 @4 mm 


10 mm. 


45-285 @10 mm, 


15-267 @4 mm. 


265 @4 mm. 


0.6@34° 


0.13@23° 


280 17 > 50 
292-312 


20-22 0.485 


for compatibility: C = compatible, 
rement made at 20°C. “The trade 
poses at temperatures in this range. 


PLASTICIZERS CHART 


Se a. a ee 


Cc Cc c Cc Cc Cc ~ - c 
P partially compatible, I = 
marks for plasticizers are shown 


incompatible. 
in quotation marks. 


DIOS 760 (58) 
“Griffin’’ (34) 
“Hallco”’ C-545 (34a) 
“‘Harflex’’? DIOS (35) 
““Halleo”’ C-574 (34a) 
**Kesscoflex” DIOS (45) 
“Halleo” C-574 (34a) 
“*Kesscoflex’’ DIOS (45) 
“Staflex’’? DBES (19) 
“Morflex’’ 245 (49) 


“‘Monoplex”’ DIOS (59) 
“*Morflex’’ 200 (49) 
“RC” DIOS (60) 
“*Staflex’’ DIOS (19) 


19,34,34a,35,37, 
49,57,58,59, 
60,70 

34a, 45, 53, 68 


34a, 45, 68 


“‘Harflex’’ 90 (35), ‘‘Morflex’’ 250 (49) 
“*Staflex’’ LA(19) 


““Harflex” BS (35) 
“*Kesscoflex”” BS (45) 
‘*Kolflex” 308 (46) 
“*Morflex’’ BS (49) 


“RC” B-17 (60) 
**Staflex’’ BS (19) 
‘Witcizer’’ 200-201 (70) 


8,9, 17,19, 24 
35,45,46,49,54, 
60,64,70 


‘*Kesscoflex’’ OS (45) 45 


40,45 


1,28,32,45 


“Kesscoflex’’ MCS (45) 
Methoxyethy! stearate 
Butoxyethy! stearate KP-23(54) 
“Kesscoflex’’? BCS (45) 


45,54 


“‘Morpel’’ X-710 (49) 
“Nopco’’ 2225-P (53) 


£422 


1,24,28,32, 
35,45,49,53, 

64,70 
‘*Paricin” 8 (10 10 
“‘Paricin’’ 6(10) 10 
“Morpel’’ X-932 (49) 
**Nopalicol” I-S (53) 


1,45,49,53 


45 


45 


**MPS’’-500 (39) 


Dow resin 276-V2 (23) 
Dow resin 276-V9 (23) 


“*Nevillac’’ TS (51) 


SOA (68) 


“*Santicizer’’ 9(47) 


**Santicizer’’ 3(47) 


“*Santicizer’’ 8(47) 


“Santicizer” 1-H (47) 


**Metalyn’’ (38) 


“‘Kesscoflex’’ DBT (45), ‘‘Witcizer’’ (70) 


© See list on page 654 for key to numbers. 





MANUFACTURERS OF PLASTICIZERS 


. Advance Solvents and Chemical, Div. of Carlisle 


Chemical Works, Inc., 500 Jersey Avenue, New 
Brunswick, N. J. 

. Allied Chemical Corp. (see No. 11 below) 

. American-British Chemical Supplies, Inc., 180 
Madison Ave., New York 16, N.Y. 

- American Mineral Spirits Co., 155 E. 44th St., 
New York 17, N.Y. 

. Amoco Chemicals Corp., 910 S. Michigan Ave., 
Chicago 80, III. 

. Archer-Daniels-Midland Co., 700 Investors Bldg., 
Minneapolis 2, Minn. 

. Argus Chemical Corp., 633 Court St., Brooklyn 
Shy Mele 

- Armour and Co., 1355 W. 31st St., Chicago 9, III. 
- Arnold Hoffman and Co., Inc., 55 Canal St., 
Providence 1, R.I. 

. Badische Anilin- & Soda-Fabrik A.G., Ludwigs- 
hafen a, Rhein, Germany 

. Baker Castor Oil Co., 40 Ave. A, Bayonne, N. J. 
- Allied Chemical Corp., Plastics and Coal Chemi- 
cals Div., 40 Rector St., New York 6, N.Y. 

. Cary Chemical Co., P. O. Box 1128, New Bruns- 
wick, N. J. 

. Canadian Industries Ltd., Montreal, Canada 

- Columbian Carbon Co., 380 Madison Ave., New 
York 17, N. Y. 

. Carlisle Chemical Works, Inc. (See No. 1 above) 

. Celanese Corp. of America, Chemical Div., 180 
Madison Ave., New York 16, N. Y. 

- Commercial Solvents Corp., 260 Madison Ave., 
New York 16, N. Y. 

. Continental Oil Co., Petrochemical Sales Dept., 
1270 Ave. of the Americas, New York 20, N. Y. 


. Deecy Products Co., 120 Potter St., Cambridge 
42, Mass, 

. Dewey and Almy Chemical Co., Div. of W.R. 
Grace and Co., Cambridge 40, Mass. 

. Diamond Alkali Co., 300 Union Commerce Bldg., 
Cleveland 14, Ohio 

. Distillation Products Industries, Eastman Kodak 
Co., Rochester 4, N.Y. (small quantities only) 

. Dow Chemical Co., Midland, Mich. 

. E.F. Drew and Co., Inc., Boonton, N.J. 

. E.I, du Pont de Nemours and Co., Inc., Wilming- 
ton 98, Del. 

. Eastman Chemical Products, Inc., Kingsport, Tenn. 
. Emery Industries, Inc., 4300 Carew Tower, 
Cincinnati 2, Ohio 

. Emulsol Chemical Corp., 59 E. Madison St., 
Chicago 3, Ill. 

. Fisher Scientific Co., Greenwich and Morton Sts., 
New York 14, N.Y. 

. Food Machinery and Chemical Corp., Chemical 
Divisions, 161 E. 42nd St., New York 17, N.Y. 

. Foremost Food and Chemical Co., El Dorado 
Div., P.O. Box 599, Oakland 4, Calif. 

. Glyco Products Co., Inc., Empire State Bldg., 
New York 1, N.Y. 

. B.F. Goodrich Chemical Co., 3135 Euclid Ave., 
Cleveland 15, Ohio 

. Griffin Chemical Co., Div. of Nopco Chemical 
Co., 1141 S. 14th St., Richmond, California 

. C. P. Hall Co. of Ill., 5145 W. 67th St., Chicago 
38, Ill. 

. Harchem Div., Wallace and Tiernan, Inc., 25 
Main St., Belleville 9, N. J. 

. Harwick Standard Chemical Co., 60 S. Seiberling 
St., Akron 5, Ohio 


37. 


38. 
39. 


40. 
41. 
42. 
43. 


44, 
45. 


46. 
47. 
48. 
49. 
50. 
51. 
52. 


33. 


54. 


Hatco Chemical Co., P.O. Box 309, King George 
Rd., Fords, N.J. 

Hercules Powder Co., Wilmington 99, Del. 
Hooker Electrochemical Co., 60 E. 42nd St., New 
York 17, N.Y. 

Howards and Sons (Canada) Ltd., P.O. Box 995, 
Cornwall, Ontario, Canada 

Imperial Chemical Industries Ltd., Millbank, 
London S.W. 1, England 

Jefferson Chemical Co., Inc., 1121 Walker, Hous- 
ton 2, Texas 

Kay-Fries Chemicals, Inc., 180 Madison Ave,, 
New York 16, N.Y. 

Kenrich Corp., 57-02 48th St., Maspeth 78, N.Y, 


Kessler Chemical Co., Inc., State Rd. and Cott- 
man Ave., Philadelphia 35, Pa. 

Kolker Chemical Corp., 600 Doremus Ave., New- 
ark 5, N.J. 

Monsanto Chemical Co., Organic Chemicals Div,, 
St. Louis 1, Mo. 

Montrose Chemical Co., 104 Lister Ave., Newark 
5, N.J. 

Sones Withess Chemical Co. Div. Chas. Pfizer & 
Co., Inc., 2110 High Point Road, Greensboro, N.C, 
Naugatuck Chemical, Div. of United States Rub- 
ber Co., Naugatuck, Conn. 

Neville Chemical Co., Neville Island, Pittsburgh 
25, Pa. 

New York Quinine and Chemical Works, Inc., 50 
Church St., New York 8, N.Y. 

Nopco Chemical Co., First and Essex Sts., Har 
rison, New Jersey 

Ohio-Apex Div., Food Machinery and Chemical 
Corp., Nitro, W. Va. 


. Pennsalt Chemicals Corp., 3 Penn Center Plaza, 


Philadelphia 2, Pa. 


. Pennsylvania Industrial Chemical Corp., Clair- 


ton, Pa. 


. Charles Pfizer and Co., Inc., 630 Flushing Ave., 


Brooklyn 6, N.Y. 


. Pittsburgh Coke and Chemical Co., Grant Bldg., 


Pittsburgh 19, Pa. 


. Reichhold Chemicals, Inc., 525 Broadway, White 


Plains, N.Y. 


. Rohm & Haas Co., Resinous Products Div., 222 W. 


Washington Sq., Philadelphia 5, Pa. 


. Rubber Corp. of America, New South Rd., Hicks 


ville, L.I., N.Y. 


- Shell Oil Co., 50 W. 50th St., New York 20, N.Y. 
. Sherwin-Williams Co., The, Pigment, Color and 


Chemical Div., 260 Madison Ave., New York 16, 
AF 


. Socony Mobil Oil Co., Inc., 150 E. 42nd St., New 


York 17, N.Y. 


. Swift and Co., Industrial Oil Dept., 1800 165th 


St., Hammond, Ind. 


. Tennessee Products and Chemical Corp., Nash- 


ville 3, Tenn, 


- Thiokol Chemical Corp., 780 N. Clinton Ave., 


Trenton 7, N.J. 


- U.S. Industrial Chemicals Co., Div. of National 


Distillers Products Corp., 99 Park Ave., New 
York 16, N.Y. 


. Union Carbide Chemicals Co., Div. of Union Car- 


bide Corp., 30 E. 42nd St., New York 17, N.Y. 


. Virginia-Carolina Chemical Corp., 401 E. Main 


St., Richmond 5, Va. 


. Witco Chemical Co., 122 E. 42nd St., New York 


17, N.Y. 


. Wyandotte Chemicals Corp., Wyandotte, Mich. 
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Engineering and 


(Listings do not necessarily cover entire lines of advertisers nor 


CHROMIUM PLATING 
Chromium Corporation of 
America 


COLD MOLDING 
{merican Insulator Corporation 
Garfield Manufacturing Co. .... 


COMPRESSION MOLDERS 
\merican Insulator Corporation 
{Auburn Plasties, Inc. 

Boonton Molding Co. 

Butterfield, T. F., Ine. 

Consolidated Molded Products 
Corp. 

Davies, Harry, Molding Co. .... 

Garfield Manufacturing Co. .... 

General Industries Co., The 850, 

Industrial Molded Products Co., 
Inc. 

Insulation Mfg. Company, Inc. . 

Kuhn & Jacob Molding & Tool 


Kurz-Kasch, Inc. 
Mack Molding Company, Inc. .. 
Northwest Plastics, Inc. ....... 
Owens-Illinois 
Pony Pinstios, Dae. «2s hese 
Plastic Research Products, Inc., 
Div. Grimes Mfg. Co. ...... 
Recto Molded Products, Inc. 
Resinoid Engineering Corp. 
Richardson Company, The .... 
Sierra Electric Corporation .... 
Trans-Matic Plastics Company. . 
Waterbury Companies, Inc. ... 
Watertown Mfg. Co., The .... 
Lollinger, Albert, Inc. ........ 


CUSTOM FOAMERS 
Schw Plastics Corporation .. 
DESIGN CONSULTANTS 


H. M. S. Associates 


811 
836 


811 
838 
847 


852 


82] 
849 
836 
851 


834 
816 


853 
663 
657 
673 
675 
820 


659 
826 
828 
666 
867 
826 
843 


ADVERTISERS’ INDEX 


regeerse ron 


“+7 


EDITORIAL TEXT FOR THIS SECTION BEGINS ON PAGE 678 


DIE CUTTING 


Emeloid Co., Inc., The ....... 


DIES 

Midland Die & Engraving Div., 
Prex Corporation 

Peterson, A. W., & Son Die Co., 
Inc. 

Plastex Company, The 


EXTRUDERS 
Auburn Plastics, Inc. ......... 838 
Busada Manufacturing Corp. .. 
Contour Extrusion Company 
Crescent Plastics, Inc. ........ 
Custom Plastics, Inc. 
Danielson Mfg. Co., The, Sub. 
Nicholson File Co. 
Detroit Macoid Corporation ... 
General American Transporta- 
tion Corp., Plastics Div. .. 667-670 
Kingman, E. B., Co., Inc. ...... §52 
Mack Molding Company, Inc... 657 
National Plastic Products Co., 
The 
Plastex Company, The 
Rotuba Extruders, Inc., The ... 
Schwab Plastics Corporation ... 
Sheffield Plastics Inc. 
Sunlite Plastics Inc. 
Superior Plastics Inc. ......... 
Vogt Manufacturing Corp. 
Waljohn Plastics, Inc. ........ 
Yardley Plastics Co. .......... 


INJECTION MOLDERS 

American Insulator Corporation 811 
Amos Molded Plastics 

Artag Plastics Corporation .... 
Auburn Plastics, Inc. ......... 838 
Blackhawk Molding Co., Inc. .. 819 
Boonton Molding Co. ........ 847 
Butterfield, T. F., Inc. 

Byrd Plastics, Inc. ....66.06%. 
Chili Plastics, Inc. ........... 


827 


Como Plastics Inc. 

Connecticut Plastic Products Co., 
Inc. 

Consolidated Molded Products 
RS ona s ath ds awamele ode 

Danielson Mfg. Co., The, Sub. 
Nicholson File Co. 

Detroit Macoid Corporation ... 

Dillon-Beck Manufacturing Co. 

Emeloid Co., Inc., The 

Erie Resistor Corporation, Plas- 
tics Div. 


General Industries Co., The 850, 


a a a acre 

Ideal Plastics Corp. .......... 

Industrial Molded Products Co., 
Inc. 

Keolyn Plastics, Inc. .......... 

Kingman, E. B., Co., Inc. ..... 

Korris Products, Inc. 

Leaf Plastics Inc. 

Lincoln Molded Plastics, Inc. ... 

Lor-E] Company 

Mack Molding Company, Inc. 

Madan Plastics, Inc. .......... 

Michigan Plastic Products, Inc. 

Minnesota Plastics Corporation. 

Morningstar Corporation, The .. 

National Plastic Products Co., 


Northwest Plastics, Inc. 
Owens-Illinois 

Perry Plastics; Inc. ..4.6. «e020 
Port Erie Plastics, Inc. 

Presque Isle Plastics, Inc. ..... 
Quinn-Berry Corp. ........... 
Recto Molded Products, Inc. .. 
Richardson Company, The .... 
Santay Corporation 

Service Plastics, Inc. 

Sierra Electric Corporation .... 
Sobenite, Inc. 
Superior Plastics, Inc. 


Thunderbird Plastics, Inc. ..... 


United States Gasket Company 


821 


@oO-1 C10 Ole OW 
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=> 
Ut 
~] 


oo 
> 
OO 


842 


ae 


858 


860 
673 

75 
820 
658 
844 
839 
826 
666 
661 
815 
S67 
665 
867 
862 
854 





Victory Manufacturing Corp. .. 
Waterbury Companies, Inc. ... 
Watertown Mfg. Co., The .... 
Yardley Molded Plastics, Inc... 
Zollinger, Albert, Inc. 


LAMINATING 


National Plastic Products Co.., 


METALLIZING 
Erie Resistor Corporation, Plas- 
tics Div. 


METERING & MIXING 
EQUIPMENT 

Mitchell Specialty, Div. Indus- 
trial Enterprises, Inc. ....... 81s 


MODEL MAKERS 
H. M. S. Associates 
Ideal Plastics Corp. .......... 
Industrial Molded Products Co., 
Inc. 
Keolyn Plastics, Inc. .......... 
Kingman, E. B., Co., Inc. ...... 
Lt > ae 
Port Erie Plastics, Inc. ....... 


MOLD MAKERS 
American Insulator Corporation 811 
Amos Molded Plastics 817 
Anson Tools & Gages, Inc. ..... 864 
Artag Plastics Corporation .... 827 
Atols Tool & Mold Corporation 660 
Auburn Plastics, Inc. ......... 838 
Blackhawk Molding Co., Inc. .. 819 
Boonton Molding Co. ........ 847 
Byrd Plastics, Inc. ....0.050: 813 
Chicago Mold Engineering Co.. 818 
Cook, Lawrence, H., Inc. ..... 822 
Crescent Plastics, Inc. ........ 830 
Davies, Harry, Molding Co. .... 849 
Detroit Macoid Corporation ... 846 
Detroit Mold Engineering Co... 674 
Dillon-Beck Manufacturing Co. 840 
Engelking Patterns, Inc. ...... 664 
Federal Tool Corporation 832 
General Industries Co., The 850, 851 
sg EG indies hee he a 72 
Keolyn Plastics, Inc. ......... 818 
Kingman, E. B., Co., Inc. ...... 852 
Kuhn & Jacob Molding & Tool 

Co. 
Liberty Tool & Machine Co. .. 
Mack Molding Company, Inc... 
Midland Die & Engraving Div., 

Prex Corporation 
Minnesota Plastics Corporation. 
Perry Plastics, Inc. ........... 
Plating Engineering Co. ...... 
Presque Isle Plastics, Inc. ..... 
Reliance Pattern Works 
Richardson Company, The .... 
Sierra Electric Corporation .... 
Thunderbird Plastics, Inc. ..... 862 
Tilp, J. G., 


Trans-Matic Plastics Company... 826 
Victory Manufacturing Corp. .. 863 
Waterbury Companies, Inc. ... 

Zollinger, Albert, Inc. ........ 833 


MOLD POLISHING SERVICES 
Mirrolap Company 


MOLD SETS 
National Tool & Manufacturing 


PLUNGER MOLDERS 
American Insulator Corporation 811 
Auburn Plastics,,Inc. ......... 838 
Consolidated Molded Products 

CA, cecawan eh advnwncnwes 821 


REINFORCED PLASTIC 
MOLDERS 
American Insulator Corporation 811 
Consolidated Molded Products 
Corp. 
General American Transporta- 
tion Corp., Plastics Div. . . 667-670 
Insulation Mfg. Company, Inc.. 816 
Perry Piastics, Inc. .......5.. 820 
Richardson Company, The .... 666 
Waterbury Companies, Inc. ... 843 


RESINS & MOLDING 
COMPOUNDS 

Marblette Corporation, The ... 861 

Reynolds Chemical Products Co. 
Div. of Stubnitz-Greene Corp. 831 


SHEETS, FILMS, RODS, TUBES 
Busada Manufacturing Corp. .. 832 
Capitol Plastics Company 
Danielson Mfg. Co., The, Sub. 
Nicholson Mfg. Co. ........ 
Detroit Macoid Corporation ... 
General American Transporta- 
tion Corp., Plastics Div. .. 667-670 
General Plastics Corporation .. 864 
i B Bes, OO acc cee ndades 814 
Marblette Corporation, The ... 861 
Midwest Plastic Products Com- 


Rotuba Extruders, Inc., The .. 82 
Sunlite Plastics Inc. .......... 832 
United States Gasket Company. 854 
Yardley Plastics Co. .......... 857 


SHEET FORMING EQUIPMENT 
Conapac Corporation 


SPECIAL SERVICES 
Amos Molded Plastics 
Auburn Plastics, Inc. 
Boonton Molding Co. ........ 
Consolidated Molded Products 

Corp. 
Dillon-Beck Manufacturing Co. 
Emeloid Co., Inc., The 
General Industries Co., The 850, 851 
Ideal Plastics Corp. .......... 866 
Industrial Molded Products Co., 


Keolyn Plastics, Inc. .......... 818 
Kingman, E. B., Co., Inc. ...... 852 
Kuhn & Jacob Molding & Tool 
Co. 

Loot Plastics Ene. 2. 050ccceec: 
Lincoln Molded Plastics, Inc. . . 
Madan Plastics, Inc. .......... 868 
Michigan Plastic Products, Inc. 849 
Minnesota Plastics Corporation 677 
Morningstar Corporation, The .. 858 
Perry Plastics, Inc. .......... 820 
Santay Corporation 66] 
South Florida Test Service .. 
Superior Plastics Inc. ......... 867 
United States Gasket Company 854 
Victory Manufacturing Corp. .. 863 
Waterbury Companies, Inc. ... 843 
Yardley Molded Plastics, Inc. .. 856 


STOCK MOLDS 

Davies, Harry, Molding Co. .... 849 
kg CRETE eee 822 
United States Gasket Company 854 
Waterbury Companies, Inc. .... 843 


STOCK PLASTIC CONTAINERS 


Owens-Illinois 


TAKE-OFF EQUIPMENT 
Servospeed 


TESTING SERVICE 
South Florida Test Service .... 858 


TRANSFER MOLDERS 
American Insulator Corporation 811 
Auburn Plastics, Inc. 
Butterfield, T. F., Inc. ........ 852 
Garfield Manufacturing Co. .... 836 
General Industries Co., The 850, 851 
Insulation Mfg. Company, Inc... 816 
Kurz-Kasch, Inc. ......2s000: 663 
Mack Molding Company, Inc... 657 
Northwest Plastics, Inc. ...... 73 
Perry Plastics, Inc. .......... 820 
Plastic Research Products, Inc., 
Div. Grimes Mfg. Co. ...... 659 
Recto Molded Products, Inc. ... 826 
Richardson Company, The .... 
Sierra Electric Corporation .... 
Trans-Matic Plastics Company. . 
Waterbury Companies, Inc. ... 
Watertown Mfg. Co., The .... 
Zollinger, Albert, Inc. ......-- 


VACUUM & SHEET FORMERS 
Capitol Plastics Company 
Consolidated Molded Products 
Corp. 
Emeloid Co., Inc., The 
General American Transporta- 
tion Corp., Plastics Div. . 
Lincoln Molded Plastics, Inc. . . 
Madan Plastics, Inc. ........-: 
Port Erie Plastics, Inc. ..... 
Thunderbird Plastics, Inc. .... 
Watertown Mfg. Co., The .. 





MACK 


has designs on 


PLASTIC 
MOLDING 
PROBLEM 














Three plants to help with 
your plastic problems: 


Mack Custom Molding Service 

Includes the facilities of three completely equipped plants. 
Mack design and production engineers are familiar with the 
problems involved in molding intricate precision industrial 
parts and functional components for consumer products. 
From Biueprint to Delivery 


Mack will work with you from the planning stage right through 
to final delivery. For assistance on specific requirements, just call 
or write: Mack Molding Company, Inc., Wayne, New Jersey. 

. Industry for Over 35 Years 


Moidec Excellence * WATERLOO, P.Q., CANADA 











FOR GENERAL ELECTRIC CO., Household Refrigerator Dept.: vacuum formed, injection molded and finished refrigerator parts. 


FOR WHIRLPOOL CORP 


guide plate for electric 


dryer. FOR HOTPOINT CO.: cover control center 
molded and hot stamped, with accompanying poly- 
ethylene knobs, assembled thermostat dial. 


FOR YORK CORP., DIV. OF 
BORG-WARNER: assorted 
knobs for air conditioning 
units. FOR MAJOR PISTON 
RING MEFR'R.: styrene con 
tainer and lid 


FOR WILKENING MFG, CO.: completely molded toy assemblies. 


THESE PICTURES TELL YOU PART OF THE STORY: Excep- 
tional versatility . . . craftsmanship . . . creativity . . . 
capacity . . . all for a distinguished customer list. For the 
complete story, write to Port Erie—where you deal di- 


rectly with the principals. 


PORT ERIE PLASTICS, inc. 


561 EAST 18th STREET ERIE, PENNSYLVANIA 
Injection Molding * Vacuum Forming * Finishing * Mold Designing 
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PRP offers you its complete design 
and production facilities to help you 
take advantage of today’s expand- 
ing market. 

PRP meets your design requirements 
with quality molded plastic parts 
PRP will meet your production sched- 
ule with prompt delivery in any 
quantity. 

Our plane will speed you here for a 
time-saving discussion. 


Plastic Research Products, Inc. 


Mo 


Custom u/der. last 


DIVISION OF GRIMES MANUFACTURING COMPANY, URBANA, OHIO 


Designers and Manufacturers of Aircraft Lighting Equiprn 





TOLLS 


Ultra-Precision 


Complete Designing and 
Engineering Service 


Precision Dependability 


Modern Plant and Equipment 
INCLUDING KELLER DUPLICATORS 


Shaw Process Licensee 


Producing Mold and Tool 
Components by the Shaw 
“‘Refractocast"’ Process In 
Alloy Steels 

Fast Delivery —Low Cost 


Highly Skilled Moldmakers 


Plastics Industries for a Quarter 
Century with the Finest Molds 
Produced Anywhere. 


{ Serving the Die Casting and 


No Job Too Small 
No Job Too Large 
No Job Too Complicated 


Your Inquiries Promptly Answered 


ATOLS TOOL and MOLD CORPORATION 


5005 WEST ARMITAGE AVENUE . CHICAGO 39, ILLINOIS ° BErkshire 7-08C 
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PLASTICS FABRICATING 
IN ALL ITS PHASES 


Another SANTAY exclusive . . . our all-new Research 
and Development Department, established solely for 
the conversion of present-day basic materials such as 
metal, wood, glass, paper, etc., into future plastic 
replacements at substantially lower costs. 


| ENGINEERING | 
MOLDING fl TOOLING 
STAMPING [im FINISHING | 
ASSEMBLY 


yACUUM 
PLATING .. . complete new vacuum plating 


facilities and finest modern 
equipment. 


REPRESENTATIVES 7 
JACK BARAN, 363 CAPEN BLVD., EGGERTSVILLE, N. Y * DREW & DREW, 1619 FIRST 
AVENUE, S. E., CEDAR RAPIDS, IOWA ~~ €. J. EDMUNDS, 101 N. LEXINGTON ST 
HAVERTOWN, PA . QUEISSER BROS 110 E. NINTH ST INDIANAPOLIS, IND 
WM. S. RICHARDS CO., 2 S. BRENTWOOD BLVD., ST. LOUIS 5, MO. + RAY A. SCHARER 
& CO., 17411 E. WARREN, DETROIT 24, MICH * MR. TED STEINER, 150 WESTMOOR 
BLVD., ELM GROVE, WIS. - MR. H. LORNE HALL, 1209 OLD OXFORD RD., HAMILTON 
OHIO + ASSOCIATED INDUSTRIES, 1752 RAINIER AVE., SEATTLE 44, WASHINGTON 


A EAT SOURCE IN PLASTICS FABRICATION @ INJECTION MOLDING © METAL STAMPING @ ELECTRO-MECHANICAL ASSEMBLIES 


° “Sl «SANTAY CORPORATION 
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specify the size... 
we'll custom 
extrude it 


FOR POLYETHYLENE EXTRUSIONS AND LAMINATIONS... 
in all quantities from sample cross sections to normal 
production runs...in any color required, matched and 
maintained with no variation...in countless sizes and 
forms ...embossed in a wide choice of standard or spe- 
cial patterns... CONTACT CONTOUR. 


FOR VYLONI, THE REVOLUTIONARY NEW HIGH LUSTRE 
PLASTIC... available in more than 2000 colors... with 
innumerable two-tone combinations as well as simulated 
pearl finishes ...in widths from 1/2” up... approximately 


at the cost of polyethylene...CONTACT CONTOUR. 











. . SEALS 
: STRIPS : WEBBING 


+ RODS 
: BELTING ° 


Po ivyethyiene 


*, WASHERS 


: * LINERS 
4 NOVELTIES * : TOYS > GASKETS 


specify the shape... 
we'll automatically 
blank it to your order 


for a process that can sizeably reduce your manufacti 
ing cost CONTACT CONTOUR 

Automatic Inline Blanking by CONTOUR actually elimi- 
nates a whole process in your production, complete’) 
does away with wasteful trim. You don’t buy the extrud 
material. You buy the shape you specify, extruded a1 
blanked out by CONTOUR’S special technique. Add 
the savings. Then CONTACT CONTOUR. 


epmtaousr EXTRUSION COMPANY 


519 FAYETTE AVENUE, MAMARONECK, N. 
Phone: OWens 8-6! 3 





1. impeller housing. 2. rocker ring. 3. stereo viewer 
4. fuse nose. S&S. appliance handle. 6. and 7. knobs. 
8. and ®. terminal boards 10., 411., and 12. 
miniaturized parts 13. organ key. 14. terminal 
board 1S. spinning reel handle 16. valve liner 
17. fuse nose 18. organ key 19. blower wheel 


For three good reasons, Kurz-Kasch is a 
prime source for molded thermosetting 
plastic parts. First: money-saving experience. 
The parts shown illustrate our breadth of ex- 
perience and capacity for handling difficult 
jobs. Second: money-saving tooling. We design 
tools and dies for best long-run production 
economy. Third: money-saving deliveries. 
You get believable promise dates and your 
parts arrive on schedule. Call your nearest 
representative for a quote on your next job. 
Kurz-Kasch, Inc., 1415 South Broadway, 
Dayton 1, Ohio. 


tana 
SP/CIALISTS IN THERMOSETTING PLASTIC PARTS FoR 41 YEARS kurz kasch 


Ne 


York, Mt. Vernon, Mo 4-4866; Rochester, Hillside 0626; Beverly, Mass., Walker 2-0065; Chicago, Gladstone 6-8837; Detroit, Jordan 6-0743; Atlanta, Cedar 7-5516; 
jelphia, Hilltop 6-6472; Minneapolis, Walnut 6-2749; Dallas, Lakeside 6-5233; Pasadena, Ryan 1-6774; St. Louis, Parkview 5-9577; Toronto, Oliver 7986 
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Engelking’s ABC of fine 


Matched Metal Dies for Reinforced Plastics 


Nothing approaches matched metal dies drawings, Engelking performs every neces. 
for rapid, precise, economical production of sary step of die production in one of the Mid. 
reinforced plastics. In the few short years of west’s largest, best equipped pattern making 
reinforced plastics molding, Engelking Pat- and metal die making establishments. Ke, 
terns has made literally hundreds of sets of production equipment includes two Keller 
these dies for leading companies in all fields Duplicators, a BG-21 (6’ x 4’) and a BG.) 
of endeavor. (5’ x 3’). 


The making of matched metal dies is a Write today for “The Story of Engelking’ 
logical extension of Engelking’s exacting which explains our services in detail. 
wood pattern service. Starting from prints or 


Making the Master Wocd Pattern. 
Working from detailed blueprints, one of 
Engelking’s master pattern makers trans- 
forms their flat instructions into an accu- 
rate 3-dimensional mahogany pattern. This 
premold mock-up has a dual purpose: it 
permits esthetic and engineering design 
analysis far more exacting than possible 
from prints alone, and it serves as the 
master for the Keller model. 


Kellering the Mold. The male epoxy-glass model 
is shown mounted on Engelking’s 6’ x 4’ Keller 
where it is automatically traced and reproduced, 
contour for contour, in tool steel. A fine hand fin- 
ishing operation readies it and its mate for mold- 
ing. In this instance the reinforced plastics product 
is the housing for a popular outboard motor. 


Preparing the Keller Model. Shown 
here is half of a set of precise Keller 
models (one male, one female) made from 
the carefully finished wood pattern. 
Engelking prepares the models by building 
up over the pattern with a combination of 
glass cloth and special epoxy resin. When 

om se models act as “copy” for the COLUMBUS, INDIANA 





SOUTH BEND, INDIANA 


One of the nation’s pioneers 
in injection molded plastics .. . 
serving the country’s leaders 


in automobiles, farm equipment, 


SOBENITE PLASTICS 


band instruments, sporting 
goods, hardware and other fields. 
Quality production . .. on time 


delivery . . . competitive price. 


SOBENITE, INC.e 1026 KING STREETe SOUTH BEND, IND. ¢ PHONE CE 4-0221 





Another example of RICHARDSON PLASTICS ENGINEERING SERVICES 











LESS WEIGHT— YET 
STRONG AND 
SAFE 















































Better products 
and greater sales appeal with 


PLASTICS MOLDED by RICHARDSON 


Fasco Industries of Rochester, New York, chose Richardson to 
mold the fan diffuser guard for their new 20” portable fan shown 
above. One of the main reasons was the Engineering Service which 

100% helped to create a better product and additional sales appeal. 
Years OF Y, Working closely with Fasco engineers and Van Dyck Associates, 
ay oz vy designers of the unit, Richardson helped to develop the guard design 
Vpercnunonsly for proper diffusion of air with the least amount of wind noises or 
vibration; the greatest strength for safety under all conditions; 
recommended the high impact polystyrene material; and createda 
mold which made all these features possible. The mold is a master- 
piece of tooling and mold engineering. 

This cooperative engmeering service is available to you. The next 

R : C H A R D sO N time you are planning a new product or redesigning an old one, call 

Richardson. Our knowledge and experience in plastics engineering 

PLASTICS —_—_—_ may save you money and will certainly give you a better product. 
LAMINATED and MOLDED Plan for tomorrow . . . send for the Molded Catalog today. 














OFFICES IN PRINCIPAL CITIES 


The RICHARDSON Company 


DEPT. 38 » 2747 LAKE STREET. * MELROSE PARK, ILLINOIS 















































America’s leading 
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custom molder of plastics . 
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General American’s capacity, versatility, service 


assure the right process for your job 


In plastics, you’ll find General American ready to meet your every require- 
ment. General American’s physical size permits the setting up of special 
conveyors, finishing lines and equipment in their most efficient form. General 
American’s versatility offers you the proper process and the correct material 
for your job. General American’s service brings you experienced help with 
your problem. General American’s research assures you of continuing leader- 
ship in new materials, improved techniques and product development. Because 
you get all these benefits from a single source, you'll find it pays to plan with 
General American. 


consult General American... 
Plastics Division engineers consult with you to 
recommend the best method and material for 
producing your job. Since General American 
pecializes in all the major molding processes you 
are assured of getting the correct, most economical 


method for your product. 


to meet your every production requirement, General American offers: 


31 Compression and reinforced 
plastics presses ranging from 
100 to 200 ton. 

57 Injection molding presses 
ranging from 2 oz. to 300 oz. 

7 Extruders with fully automatic 
in-line vacuum forming equipment 
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PLASTICS DIVISION 


MGENERAL/ 
Ui 
; -* Plastics Division 


4 
le , 


Offices in principal cities 
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The Danielson Manufacturing (DANCO) is one of Danco engineering is ever aware of the new strides 
the pioneers in molding and extruding nylon. being made in nylon. Because of their plant and 
The story behind DANCO NYLON includes the people, Danco has often served as original molder 
successful combination of highly skilled and extruder on new developments in nylon. 
technical personnel, experienced production These are a few of the many products that have 

departments, and complete, modern made DANCO NYLON outstanding for leadership 
facilities for molding and extruding nylon. and quality in the molding and extrusion field. 








Top quality DANCO nylon tubing available in the 
following O.D.'s: Ye”, 46", Ya", He”, ¥e”. In 1000 Ib. 
and 2500 Ib. pressurerated sizes. 


DANCO TEMPERTUBE (NYLON PIPE) now available 
in stock sizes: ¥e” to 1%2” O.D. Wall thicknesses: 
Ya”, Ye” and Ye". 




















Danco skilled extrusion techniques assure nylon strip 

of uniform quality ... proved over the years the 

ideal strip for better nylon stampings—gaskets, washers, 
etc. In thicknesses of .015”, .020”, .025”, .031”, 

.050”, .062”, .075”, .093”, 110” and .125”. 

In widths from %” to 6”. 























In Spencer Nylon 600. High density, solid nylon rod is 
available in stock sizes from ¥” to 2”. Stock length: 
10 ft. Other lengths available on request. Offering 
high tensile strength, excellent elongation, better 
toughness, and higher impact strength. Freer, 

easier machining with no hard spots. 














Danco produced the first successful commercial nylon 

molding. Equipped with one of the largest injection 
MOLDING molding departments in this country, Danco offers 

a wide variety of custom molded nylon parts including 

gears, bearings, structural members, cams, etc. 











There are many quality nylon products by Danco 
serving industry today. For more facts on the 

items shown here or for a specific requirement in your 
company's plans, write or call DANCO... 


THE DANIELSON MANUFACTURING COMPANY 260 HOLT STREET 
A SUBSIDIARY OF NICHOLSON FILE COMPANY DANIELSON, CONNECTICUT 





PLASTICS 

EXTRUDED 

TO YOUR 
SPECIFICATIONS 








DEPENDABILITY 


Extrusions AND 
ECONOMY 


Schwab Plastics Corp. offers complete facilities 
for the quality production of custom extruded 
shapes, including multi-colored extrusions, to 


your specifications b y 


ACETATE * BUTYRATE * NYLON * ACRYLIC 


VINYL * POLYETHYLENE * POLYSTYRENE CUSTOM PLASTICS, INC. 


Designers and Extruders 
of Thermoplastics 


1707-09 N. 25th Ave. 
Melrose Park, Illinois 


PLASTICS CORPORATION 
730 S. DIX AVE. ¢ DETROIT 17, MICH. 
PHONE VINEWOOD 2-2870 























Schwab Plastics Corporation has developed 
specialized machinery for the mass production 
of foam plastic items of a custom or proprie 
Sons eaten 


ry atu 


Our high-production facilities er 
able us to offer you quality workmanship at 
the lowest possible cost 


STYRENE * POLYURETHANE © ACETATE 
VINYL * POLYETHYLENE 


INQUIRIES INVITED 


ELECTROFORMED METAL MOLDS 


made by ...T.V. Jay Company 


This beautiful carrying case for the new TRAVLER Port- 
able Phonograph is vacuum-formed by Cortland Indus- 
tries, Chicago from electroformed molds made by T. V 
Jay Company. 

Using smooth stock, these electro-formed molds realisti- 
cally reproduce the textured grain of leather in the normal 
forming operation 

Electro-formed Molds are fast cycling giving an exact 
reproduction of any textured surface. There’s no chipping, 
cracking, hidden “blow-holes’’, etc. No additional polish- 
ing or finishing is necessary. Your vacuum formed samples 
may serve as patterns. 


? 
Foa m RB a | st ’ CS Vacuum-Formed . . . from 


Write for complete data! Send blueprints for estimate 


T. V. JAY COMPANY 


2227 W. Belmont Ave. Chicago 18, Illinois 
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Your contact too—for precision custom molding 





Let NORTHWEST PLASTICS take your custom molding 
job—from design through final production. Eighteen years of 
experience and the complete facilities of NORTHWEST PLASTICS 
are your assurance of expert production in compression, 


transfer, and injection molding. Convenient plants in 


s 


Minnesota and North Carolina also mean faster service. 


@ Contact your nearest NORTHWEST PLASTICS sales office today for full details. 
NORTHWEST PLASTICS, INC. NORTHWEST PLASTICS OF CAROLINA, INC. 


63 Plato Ave., St. Paul : - Minn. Gastonia, North Carolina 
CApital 4-4728 


Kansas City Sales Othce Detroit Sales Othce 

i06 West 34th Street 1500 No. Woodward 

Logan 1-7495 Royal Oak, Michigar 
Lincoln 7-7500 


Chicago Sales Ottice Milwaukee Sales Othc« 
2030 W. Montrose Ave 1130 North Water Street 
Lo 1-6831 Broadway 3-6318 








How to reduce your mold costs 


D-M-E STANDARD MOLD BASES can reduce your mold 
costs in the design stage . . . during construction ... and 
throughout the operation of the mold. 

Mold designers can reduce drawing board time by using 
D-M-E’s full-scale Master Layouts, which provide locations 
of leader pins, return pins, screws and other standard details. 
Complete catalog specific ations and prices on 31 standard 
sizes—up to 23 x 35! eliminate guess-work in esti- 
mating the cost of the mold. 


But your savings don’t end there: Moldmaking time is 
turned into dollars earned, because all the plates in the 
assembly are precision ground—flat and square—ready for 
the moldmakers’ layout and machining (pictured below). 
The exclusive inter-changeability of all D-M-E plates and 
component parts give you the added saving of immediate 
replacement in case of emergency. 

For the molder, the use of higher grades of CLEANER steel 
in D-M-E Mold Bases means added strength and longer 
mold life. And D-M-E’s range of standard sizes fit into.more 
molding shines. 

Start saving now ... with D-M-E STANDARD MOLD 
BASES! 


over 1000 o-m-E HB DETROIT MOLD ENGINEERING CO. 


STANDARD MOLD 6686 E. MeNICHOLS ROAD — DETROIT 12, MICHIGAN — TWinbrook 1-1300 
BASES are always IN 


<< —- VERIES' 
STOCK at local D-M-E = : Contact Your Nearest Branch FOR FASTER DELIVER! 
Branches ready for : r— iE W217 CENTRAL AVE. — S901 W. DIVISION ST. 3700 S. MAIN ST. 


IMMEDIATE DE- “HILLSIDE, N. J. CHICAGO, ILL. LOS ANGELES, CAL. | 
LIVERY. s 502 BROOKPARK RD. 558 LEO STREET 
write TODAY For ff IME D-W-E CORP. - CLEVELAND, 1 DAYTON, 0. 
170 PAGE CATALOS D-M-E OF CANADA - 156 norscuan ave." TORONTO, ONT. 
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Easy to use... 
Customer simply lifts off 


Designed for pocket or purse... 


Sized just right for day’s supply of tablets or capsules 


O-I’s new Pocket-Pak 


... adds Premium Appeal to your salespackage! 


This plastic carrying case, offered 
exclusively by Owens-Illinois, is a 
packaging idea that has a special 
appeal to customers. 

It's a premium. And it’s everything 
a successful premium should be: it 
has eye appeal and obvious value 


OWENS-ILLINOIS PLASTICS 
AN (I) PRopuct 


.. it is functional . . . it is a good- 
will builder . . . and, as long as it is 
used, it serves as a favorable re- 
minder of your company and your 
products. 

The new Pocket-Pak can be per- 
sonalized with your brand name at 


a nominal cost, for added impact. 
Ask your Owens-Illinois repre- 
sentative to show you this newest 
of packaging ideas . . . another 
sales-building benefit for you from 
Owens-Illinois. 
Call him today! 


Owens-ILuINoIs 


GENERAL OFFICES - TOLEDO 1, OHIO 





DESIGN SERVICE —Lin- 
coln’s experienced staff 
of design specialists work 
closely with customers de- 
sign, engineering and 
production experts. 


COMPLETE PRODUC- 
TION FACILITIES — 
Lincoln's modern, com- 
plete injection molding 
and vacuum molding fa- 
cilities assure fast service. 


FINISHING AND AS- 
SEMBLY — A service for 
customers who schedule 
plastic components direct- 
ly to their final assembly 
line. 


FAST DELIVERY — 
Ideally located in the in- 
dustrial heart of the na- 
tion—serviced by major 
transportation facilities. 


APPLICATION ENGI- 
NEERING — Help in in- 
stallation of the best 
procedures for part 
assembly. 


Lincoln is not content merely 
to produce molded thermoplastic 
parts to your specifications. Lincoln 
service extends from your engineer- 
ing department to your production 
line ... from helping you design the 
part that will do the job best for the 
least money to helping you install 
the best procedures for assembly of 


that part. 


For details on Lincoln’s “com- 
plete” plastic parts service, just drop 
us a line. Be sure to ask for your 
free copy of “Development and 
Progress,” a 12-page bulletin de- 
scribing Lincoln’s complete, modern 
facilities for producing . . . on any 
reasonable delivery schedule . . . any- 
thing you need in injection molded 


plastics. 


[Liicnac@ ira 


MOLDED PLASTICS, INC. 
DEPT. M, CIRCLEVILLE, OHIO 
SUBSIDIARY OF GENERAL AMERICAN TRANSPORTATION CORPORATION 
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, ilo, @ about “Your plastics department'"* 
* 


- 
It is a new and complete injection molding plant, from modern tool room 


to all coordinated departments for supplementary Qperations such as assembly, 
decorative painting and printing and specjgl packaging. 


The quality and economy born of efficiencf in a modern, 
; ° , 
custom operation are yoyrs in our “start to finish service.” 
PLANT LAYOUT 


Boiler and pump room 

Molding room—32 presses 4 to 80 oz. 
Air compressors 

Lunch room 

Shop maintenance 

Employees locker rooms 

Quality control 

Warehouse and shipping dept. 

Tool and die shop 

Finishing and packaging 


Decorative painting 
and imprinting 


Paint and chemical storage 
General offices 


Drafting and engineering dept. 


*MINNESOTA PLASTICS CORPORATION 


Injection molders of thermoplastics 
ST. PAUL 3, MINNESOTA 


45 E. MARYLAND AVENUE 





Injection Molding 





IN THIS SECTION 


Acrylics 

Cellulosics 
Polytrifluorochloroethylene 
Nylon 6/6 

Nylon 6 

Low-density polyethylenes .. 


Med.-density polyethylenes . 
High-density polyethylenes . 
Polypropylene 

Polystyrene 

Special Styrenes 

Vinyls 





| njection molding is a process 
that converts small pellets of ther- 
moplastic resins, called molding 
powders, into shaped articles 
ranging in weight from 0.0002-oz. 
washers to 15-lb. battery cases. 
Since most injection machines 
are made to work with molds that 
part along a single plane when 
opening, the articles to be made 
must be designed to be conven- 
iently ejected from such molds. 
However, more complex shapes 
with undercuts, side projections, 
etc., have been molded by design- 
ing special molds with multi-sur- 
face parting and automatically re- 
tracting plugs. Metal inserts that 
are not too large can be molded 
into the article by positioning 
them in the empty mold cavity 
before injecting the plastic. 
Basically, the process consists 
of five steps: 1) feeding the mold- 
ing powder; 2) melting the feed; 
3) injecting the melt into the rel- 
atively cool mold; 4) chilling the 
molding sufficiently below its 
softening range so that it will hold 
its shape when ejected; and 5) 
ejecting the piece. On some jobs, 
this process is supplemented by 
preheating of the feed and/or an- 
nealing of the ejected pieces. 


General operation 


Figure 1, p. 680, is a sketch 
of the longitudinal cross-section 
of an injection molding ma- 


678 


chine. The pellets—usually cubes, 
spheres, or stubby cylinders— 
drop from the hopper into the in- 
jection cylinder when the ram is 
retracted, filling the empty space. 
On the injection stroke the ram 
comes forward rapidly, forcing 
the pellets into the heated part of 
the cylinder and compacting them 
around the torpedo, or spreader. 
Fins along the torpedo keep it 
centered in the cylinder and con- 
duct heat to it from the electri- 
cally heated cylinder wall. In this 
manner, a thin layer of the 
particles is heated by both the 
torpedo and the cylinder. In some 
machines, separate cartridge heat- 
ers are installed in the torpedo. 
Each successive stroke of the ram 
forces them further left until 
finally the material in the melt 
zone is forced out of the cylinder 
into the mold. Normally, there 
will be several cavities in the 
mold; the melt entering the cen- 
ter of the mold through the sprue 
reaches the cavities via small 
channels called runners. The part 
of the runner immediately adja- 
cent to the mold is called the 
gate. Usually, this gate will have 
a much smaller cross-section than 
the runner, but there are cases 
where they may be about the 
same size, or, as with the acrylics, 
may sometimes be even larger 
than the runner. The melt in the 
cavities loses heat to the cold 


metal of the mold and freezes, 
starting at the outside surfaces. 
When a sufficient thickness has 
frozen, the mold opens and ejec- 
tor, or knockout, pins poke the 
pieces out of the cavities. The 
mold is closed and the entire cycle 
is repeated. Although some mold- 
ing machines are referred to as 
continuous, the process is clearly 
an intermittent rather than a con- 
tinuous one. Equilibrium in the 
usual engineering sense is never 
achieved anywhere in the ma- 
chine. This intermittency, of 
course, serves to complicate the 
detailed analysis of what is hap- 
pening to the material inside the 
machine. 

Although the injection molding 
process ends with ejection of the 
piece from the filled mold, under- 
standing begins there. We are ac- 
customed to thinking of gases as 
being compressible, liquids and 
nonporous solids as incompressi- 
ble. Plastics melts, however, prob- 
ably because of their spongy mo- 
lecular structure, exhibit consid- 
erable compressibility and have 
large coefficients of thermal ex- 
pansion. 

Under the very large changes 
in pressure and temperature en- 
countered in injection molding, 
these characteristics result in con- 
siderable changes in density. The 
equation-of-state concept, so suc- 
cessful with gases, also works with 
plastics melts (40).1 The funda- 
mental notion is this: the density 
of a nonmoving plastics melt is 
fixed by its pressure and temper- 
ature. 

With certain modifications, the 
idea is also valid for plastics 
in the solid phase; the usual rec- 
ognition of the effects of phase 
changes must be made, and, be- 


1 Numbers in parentheses link with References 


on p. 683. 


ENGINEERING AND METHODS 





cause some plastics may reach 
equilibrium density rather slowly 
at low temperatures, the rate of 
cooling or heating may be a sig- 
nificant factor. 

The densities of most plastics 
at room temperature and one at- 
mosphere pressure are highly re- 
producible, and it is known that, 
given a little time, a molded plas- 
tics object will return after mold- 
ing to this density, known as the 
“standard density.” If the equa- 
tion relating density to pressure 
and temperature is known, it is 
simple to calculate what the 
weight of a piece made in a mold 
of given volume will be. From 
this weight and the standard 
density, its volume at room tem- 
perature and its approximate di- 
mensions can be calculated. Thus, 
the equation-of-state is a tool for 
estimating molding shrinkage 
and calculating the effects on 
piece dimensions of changes in 
molding conditions. The idea, 
along with some data and calcula- 
tions, is discussed at length in 
Reference 39. Here we can sum it 
up by noting that density in- 
creases as pressure is increased or 
as temperature is decreased, the 
temperature effect being much 
the larger. Thus, raising the in- 
jection pressure results in cram- 
ming more matter into the mold 
cavity (this is not due to stretch- 
ing of the cavity—since it is usu- 
ally made of thick, stiff steel, that 
stretches negligibly at the pres- 
sures involved); when this heav- 
ier piece is ejected from the mold 
at atmospheric pressure, it de- 
compresses to a larger volume 
than would a piece molded at a 
lower pressure. Similarly, the 
higher the molding temperature, 
the greater the subsequent con- 
traction when the piece is chilled 
to room temperature. This basic 
behavior pattern explains why 
melt pressure at the nozzle must 
be closely controlled if close di- 
mensional tolerances are to be 
held on the plastics pieces which 
are to be molded. 


Feeding 
The direct 


feeding method 
hown in Fig. 1, p. 680, where the 
lastic pellets fall directly from 
the hopper into the heating cyl- 
nder, depends for its regularity 
n the fact that the ram retracts 
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to the same point before each 
feed stroke. Presumably, then, the 
same volume is refilled on each 
cycle, giving rise to the term 
“volumetric feeding.” In practice, 
however, the method has resulted 
in variations in shot weight and 
piece dimensions, and in flash on 
large-area pieces. Flash occurs 
when the mold opens slightly and 
some melt “flashes” into the part- 
ing crack, leaving an unwanted 
fringe around the piece. These 
variations can be traced to vari- 
ations in pressure at the nozzle, 
which in turn are due mostly to 
variations in the weight of ma- 
terial fed (19). Because the orien- 
tation of loosely falling cubes is 
not the same from shot to shot, the 
weight fed by the “volumetric” 
method can vary over a wide 
range, particularly in the smaller 
machines. An extra-heavy shot 
results, on the next shot, in there 
being a thicker-than-usual bed of 
solid particles through which the 
ram pressure must be transmitted 
to the melt. Since the ram pres- 
sure is set at a fixed value, the 
pressure at the nozzle drops, 
causing “short shots” (cavities 
only partly filled) or reduced 
weight and dimensions even when 
the cavity appears to be filled. 

Improved regularity of feeding 
is accomplished by two methods, 
the weigh-feeder and the vibra- 
tory feeder. A weigh-feeder, as its 
name indicates, weighs the shot 
out from a secondary hopper and 
drops it into the injection cylin- 
der. In reasonably sized shots, say 
2 oz. and up, the precision of 
feeding depends only on the pre- 
cision of the scale, and excellent 
scales have been adapted to this 
purpose. The vibratory feeder 
consists of a hopper supplying a 
magnetically vibrated trough, and 
a timer that regulates the interval 
of vibration. With cubes, in par- 
ticular, precision is good—on the 
order of + 1 percent. 

Precision feeding does not com- 
pletely solve the problem of shot- 
to-shot uniformity of pressure at 
the nozzle, since the unmelted 
particles in the cylinder cannot 
be relied upon to pack in the 
same way on-each stroke. Bridg- 
ing of the solid particles is espe- 
cially important when the ma- 
chine is operating close to its 
plasticating capacity, ie. the 


maximum rate at which it can 
produce melted plastic, because in 
this condition there is a large vol- 
ume of unmelted solids in the cyl- 
inder. 

Recently a more direct ap- 
proach to getting uniform nozzle 
pressures has been introduced. It 
consists simply of measuring the 
nozzle pressure and using the 
measurement to control the ram 
pressure. Variations due to irreg- 
ular feed or bridging in the cylin- 
der are thus compensated by 
changes in ram pressure.? This 
method should find increasing ac- 
ceptance among molders who 
must meet close dimensional tol- 
erances on their output. 

A third method of reducing 
shot-to-shot variability in mold- 
ings is to have no solids at all in 
the injection cylinder. Instead, 
melting is accomplished in an 
auxiliary chamber called a pre- 
plasticator and the melt is trans- 
ferred to the injection cylinder 
before the injection stroke. This 
guarantees as good uniformity of 
pressure at the nozzle as can be 
achieved in the hydraulic system 
driving the ram. Preplastication 
will be further discussed below. 


Melting the feed 

An injection machine is usually 
rated by the amount of general- 
purpose polystyrene it can deliver 
in a single shot. An equally im- 
portant criterion is the plasticat- 
ing capacity of the machine (31, 
33). Although no standard has 
been set up to measure this ca- 
pacity, it can loosely be thought 
of as the number of pounds per 
hour of cold molding powder that 
the heating cylinder is capable of 
melting. Obviously, this will be 
different for different resins and 
will depend on the melt tempera- 
ture desired. Since higher tem- 
peratures are required for filling 
thin, large-area sections than 
thick, blocky ones, the plastica- 
ting capacity, in a practical sense, 
will depend on the job being 
done. However, it also depends on 
the design of the heating cylinder 
(27, 18, 16, 12, 13). All plastics are 
poor conductors of heat; yet even 
in the melt phase, because they 
are so viscous, they must be 
2Two different devices for controlling nozzle 
pressure were offered to the public during 1956, 
but only one has been adapted to all makes of 


molding machines. It is available from West In- 
strument Corp., Chicago, III. 
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Fig. 1: Longitudinal cross-section of injection molding machine. 
Pellets of resin feeding from hopper are melted in the heating cyl- 
inder and forced forward by the ram into the mold where the melt 


is cooled and solidified 


heated by conduction rather than 
convection or radiation. (Even in 
sheet forming, where radiant heat 
sources are used to heat the sheets, 
the heat is conducted into the in- 
terior.) It is therefore essential, 
for fast heating, to use the high- 
est possible temperature gradients 
and the thinnest possible layers of 
plastic. Unfortunately, heating 
temperatures are severely limited 
by the rate of decomposition of 
the plastic. Even small percent- 
ages of decomposed resin may 
seriously impair strength, tough- 
ness, color, and surface finish of 
the pieces. In the melt zone of the 
cylinder, some material is in ac- 
tual contact with the cylinder wall 
and because of the layer-like na- 
ture of viscous material 
to the wall moves very 
slowly. Thus, if the wall tempera- 
ture is above that level at which 
the material is decomposed sig- 
nificantly in a 20-min. interval, 
the molded product will inevit- 
ably contain a certain percentage 
of inferior material. Because it is 
so easy to boost cylinder temper- 
atures when increased plasticating 
capacity is needed, this unpalata- 
ble fact was accepted by molders 
only after it was decisively proved 
by molding many defective pieces. 

The trend of heating cylinder 
design, therefore, has been di- 
rected at: 1) increasing the area 
of contact between plastic and 
metal, and 2) reducing the thick- 
ness of the heated layer. Both 
these aims have led to larger cyl- 
inders and larger torpedoes with 
reduced space between the two. 
One maker’ of replacement cylin- 
on a a ee Oe 
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ders has achieved multiple in- 
creases in heating capacity with 
reduced thermal hazard by aban- 
doning the torpedo concept en- 
tirely. His cylinders are simply 
solid hunks of steel with many 
longitudinal circular holes drilled 
in them (16). Since the steel tem- 
perature is almost uniform 
throughout the block, heat pours 
into the plastic from all of the 
cylindrical surfaces of the holes. 

Relatively recently, (12, 13) 
two similar designs were intro- 
duced. In both of these the stand- 
ard torpedo is replaced by a per- 
forated, grooved insert. The plas- 
tic pellets are forced against its 
inside surface and are partly 
melted until they can enter the 
perforations. Melting continues as 
they pass through the holes and 
grooves. On the stroke of the ram, 
the newly melted layer is skim- 
med off and forced out the noz- 
zle and into the mold, while new 
pellets are forced against the liner 
surface. Advantages claimed for 
these designs are: greater plasti- 
cating rates, more uniform melt 
temperature, reduced thermal 
hazard, and better transmission of 
ram pressure. 

Most cylinders are heated by 
band heaters wrapped around 
their outside surface. Because the 
added bulk of insulation is objec- 
tionable, most of these heaters are 
exposed to the air or covered with 
very thin insulation. As a result, 
more of their heat is lost to the 
surroundings than goes into the 
plastic. Future cylinder designs 
will probably tend toward more 
efficient use of heat. 

The plasticating capacity of a 


given heating cylinder can be 
estimated from its dimensions and 
the thermal properties of the plas- 
tic to be molded. Some data on 
such properties are available from 
material suppliers. 

The equations of heat conduc- 
tion, integrated for heating long 
slabs or rods, may be used. Handy 
solutions of these equations were 
presented in graphical form by 
Gurney and Lurie (41) and they 
are reproduced in many books 
dealing with heat transmission 
(39a). 

Pressure drop in the cylinder 
may be estimated from a formula 
presented in Reference 38. A re- 
cent extension of this work to in- 
clude the effects of lubricants was 
reported in 1956 (10). 


Injection 

During the injection stroke the 
melt is forced at high rates of flow 
through the nozzle, sprue, run- 
ners, and gates into the mold cav- 
ities. While the problem of com- 
puting flow rates of hot melts un- 
der molding machine conditions 
is still under consideration, much 
has been learned about their flow 
behavior in the laboratory (28, 
for example). This knowledge 
serves as a guide in designing 
runners and gates. For example, 
it is known that polymer melts 
are non-Newtonian, i.e., they do 
not obey Newton’s law that says 
flow is proportional to pressure 
drop. Rather, their flow is propor- 
tional to the second or higher 
power of the pressure difference. 
This means that, if the pressure 
available at the nozzle varies 5% 
from shot to shot, the filling rates 
will vary by 10 to 20 percent. This 
in turn will cause variations in 
the amounts of material injected, 
the piece weights, and their di- 
mensions. Similarly, if the runner 
design and layout is such that 
higher pressures are available at 
some gates than others, the cavi- 
ties served by the low-pressure 
gates will deliver smaller pieces 
than those that are getting the 
higher pressures. They will also 
fill more slowly, may be weaker 
because of more severe frozen-in 
stresses, and sometimes do not 
even fill completely before the 
gate freezes off. For these reasons 
it is important, when close con- 
trol of dimensions and properties 
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is needed, to design gates and 
runners according to the principle 
of “successive simultaneity.” This 
principle may be stated thus: the 
melt should reach all the gates at 
the same instant, the filling of all 
the cavities should be completed 
at the same instant, and the gates 
should seal at the same instant. 
The design of runner systems ac- 
cording to this principle was dis- 
cussed in Reference 9 for the very 
common case where all the cav- 
ities are alike. Figure 2, p. 683, is 
a diagram of a layout for a 16- 
cavity mold that achieves succes- 
sive simultaneity. 

A recent development in mold 
engineering that helps make it 
easier to fill ail the cavities to- 
gether is valve gating (subject of 
U.S. Patent No. 2,773,284, Colum- 
bus Plastic Products, Inc.). In 
this technique, hot-runner molds 
are used and the conventional 
gates are replaced by quick-open- 
ing valves. With valve-gated 
molds, the sequence of machine 
operations is changed and goes as 
follows: at the end of an injection 
stroke, the valves close, sealing 
off the cavities right at the gates; 


as the piece chills, the ram re- 
tracts to pick up the next shot, 
then immediately advances, com- 
pressing the contents of cylinder 
and runners to the full injection 


pressure. Meanwhile the piece 
has ejected and the mold has 
closed; now the valves are opened 
and the pre-compressed melt 
gushes into the cavities, until the 
cavities are full, whence the cycle 
repeats. Advantages are: faster 
filling; doubling-up of operations 
shorten the cycle; improved 
physicals and tolerances; reduced 
shrinkage; minimum shot weight; 
and, of course, no sprues and run- 
ners to regrind. 

Considerable attention has been 
given in recent years to the speed 
of filling the mold (22, 11, 8). It 
is desirable, from the standpoint 
of avoiding thermal decomposition 
and shortening the time required 
for the piece to set up in the mold, 
to use a low melt temperature. 
However, as temperature drops, 
pieces freeze more quickly (as 
desired) and the cavities must be 
filled more quickly if they are to 
de filled at all. This requires 
aster rates of injection. Another 
mportant advantage of fast filling 
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is this: the cavity is completely 
filled before viscosity has in- 
creased to the point where 
stresses connected with flow rise 
to a high level, and what stresses 
do arise have more time to “re- 
lax” before the melt freezes. 

A characteristic of plastics is 
their viscoelasticity, or delayed 
elasticity. When they are sub- 
jected to stress—as they are dur- 
ing melt flow—a definite time 
elapses before the rate of flow 
reaches a maximum and becomes 
steady. Similarly, when flow 
ceases, a definite time is required 
before the stress decays to zero, 
i.e., relaxes. Unfortunately, these 
stresses increase with increasing 
viscosity at a given flow rate, and 
at temperatures just above the 
freezing point may be very large, 
approaching the strength of the 
plastic. Relaxation time also in- 
creases as the temperature drops. 
Thus, it is likely that if the mold is 
filled too slowly, parts of the melt 
will have frozen while in motion, 
and the severe stresses, unable to 
relax, will be frozen in. The ef- 
fective strength in those parts of 
the piece will be reduced by the 
amount of _ frozen-in _ stress. 
Molded-in stresses in polystyrene 
have been investigated and re- 
ported on in References 37, 36, 34, 
23, 22, 21, 15, and 11. 

The realization that fast filling 
can reduce cycle time and im- 
prove quality—thus improving 
productivity in two ways—has re- 
sulted in “souping up” of injection 
machines until today the new ma- 
chines have much higher pumping 
capacity at injection pressure than 
they used to have only five years 
ago. 

Filling rate cannot be increased 
indefinitely without “burning” the 
melt. The great resistance that 
these materials offer to flow 
means that much work, per pound 
of material shot, must be done to 
get it from the nozzle into the 
cavity (26). This work appears as 
heat in the plastic. Where re- 
stricted gates are used, the usual 
case, much of the whole pressure 
drop occurs across the gate and 
its temperature may rise by 30° 
F. or more as it goes through the 
gate. 

Aside from the effect of sudden 
viscous working, the melt may be 
burned even more severely if the 


rapidly filling cavity is not ade- 
quately vented. If the air that fills 
the cavity at the start of injection 
cannot escape rapidly enough it 
may be compressed to a tiny frac- 
tion of its original volume, and 
tremendous heat of compression is 
developed. The plastic in contact 
with this compressed air takes fire 
much as does diesel fuel injected 
into an engine cylinder under 
compression, and it is severely 
charred. Most molds can be satis- 
factorily vented by making some 
small scratches in the mold faces 
from the cavities to the outside of 
the mold. Venting may also be ac- 
complished by leaving a small 
clearance around the ejection pin. 
With some shapes, however, un- 
fortunate combinations of knock- 
out-pin location and gate location 
result in air trapped in regions 
away from the parting line or the 
pins. Vacuum venting (7) is rec- 
ommended for these cases and of- 
fers many advantages. 


Ejection 

With simple solid shapes, ejec- 
tion is usually accomplished by 
having a metal finger, eg., an 
ejection or knockout pin, poke 
out of the cavity surface as the 
mold opens, forcing the piece from 
the cavity. To be knocked out 
without being deeply marked, the 
freshly molded piece must have 
been chilled (eg., “set” or 
“cured”) to a temperature at 
which it has sufficient hardness. It 
must also have become stiff 
enough to hold its shape after it is 
deprived of the support of the 
mold. 

Ejection of deep-draw shapes, 
(drinking tumblers, bushings, 
containers) is made much simpler 
and more reliable if the ingoing 
sides of the piece are slightly ta- 
pered, or given “draft.” When no 
draft can be allowed—as is usual 
with bushings, gears, spools, and 
other machine parts—a knockout 
sleeve may be used in place of 
pins. The sleeve can apply a much 
larger knockout force than a pin 
without mutilating the piece be- 
cause the force is distributed over 
the whole of the piece end and 
over a larger area. Ejection is also 
aided by materials known as mold 
releases. A typical release is any 
of several Freon-propelled sili- 
cone oils, and it is_ typically 
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sprayed on the mold surfaces 
when the mold is open, every few 
shots. Most silicone releases leave 
an oily film on the surfaces of the 
part and are objectionable if the 
part is to be printed, painted, or 
metalized after molding. Poly- 
meric and wax-based releases are 
available. 

In highly polished molds, the 
molded piece and the mold face 
may cling together as gage blocks 
do. An attempt to separate them 
by direct pull creates a partial 
vacuum and air pressure stub- 
bornly holds them together. In 
such cases a fast jet of air directed 
at the edges of the piece facilitates 
ejection. 


Mold design 

Only a few vital points on mold 
design can be discussed here, 
since, in detail, this topic could fill 
a book the size of this one. The 
first is uniformity of temperature 
from cavity to cavity. The flow of 
melts is very strongly affected by 
changes in temperature, as has al- 
ready been noted. If there are sig- 
nificant variations in temperature 
over the face of the mold (5° F. 
will often be too big a difference), 
the melt passing through the 
colder runners will flow more 
slowly, reach the gates late, fill 
more slowly and probably less, and 
freeze sooner. The results are cav- 
ity-to-cavity variations in dimen- 


Front and rear views of 
radio _ cabinet injection 
molded from polystyrene. 
Gating is designed to pro- 
vide even fill of sharp- 
cornered sections contain- 
ing several thick bosses. 
(Photo, National Automatic 
Tool Company, Inc.) 


sions and strength properties. 
From the standpoint of uniform- 
ity of product quality, very uni- 
form mold temperatures are a 
must in multi-cavity molds. Tem- 
perature should of course not 
vary from shot to shot, even in 
single-cavity molds, for the same 
reasons. Getting this uniformity 
of temperature requires careful 
attention to the laying-out of the 
cooling channels in the mold and 
requires also an adequate supply 
of the cooling medium. 

The second point, runner lay- 
out, has already been covered on 
p. 680. 

A third important consideration 
is the projected area. The prod- 
uct of this area times the pres- 
sure in the mold, which may be 
as much as 80% of the ram pres- 
sure, must be well within the 
clamping capacity of the machine. 
In addition, the mold itself must 
be stiff enough so that it will not 
spring open under the hydrostatic 
separating force. If, for example, 
a long thin piece of sizable area is 
molded in the center of the mold, 
flash and erratic dimensions may 
be a problem unless the mold is 
given extra support at the center. 

Fourth, for ejection’s sake, 
some draft should be provided 
wherever possible in deep-cavity 
molds. Good mold design depends 
heavily on good piece design. 
Sharp corners, intricate outlines, 
draftless holes, etc., all tend to 
make molding more difficult and 
therefore more expensive. 

Fifth, there should be a con- 
stant interchange of ideas among 
the product designer, mold maker, 
and molder for best results. Un- 
necessarily high tolerances in- 
crease mold costs; too loose tol- 
erances on runners and gates can 
result in a high reject rate. 

Sixth, the smallest possible 
gates consistent with good piece 
quality and complete filling of the 
cavities are usually specified, for 
this reason: when the frozen 
pieces are ejected, the runners 
must be separated from them; the 
smaller the gate, the easier is this 
separation. If the gate is small 
enough the runner can simply be 
broken off without marring the 
piece. Thus, small gates both fa- 
cilitate operation, particularly 
automatic operation, and reduce 
finishing costs. Also, too-re- 


stricted gates are easily opened, 
whereas too-open gates are very 
difficult to close. 

Last, when production runs are 
long, money spent on building 
tools helps later to reduce mainte- 
nance and down time. Some types 
of short-run tooling are discussed 
in the section on Plastics Tooling, 
p. 796. 


Predrying of powder 

Some plastics are hygroscopic, 
i.e., they extract water from the 
surrounding air and get wet. If 
they are molded in the wet condi- 
tion, many troubles arise. The 
moisture cannot easily escape and 
may cause foaming at the nozzle 
during the mold-open time. Even 
slight foaming will cause 
smeared-out foam, or “splay,” to 
appear on the surfaces of the 
pieces. Severe reductions of phys- 
ical properties may occur as a re- 
sult of this 
gradation. 

If the feed is predried, the dry- 
ing is commonly accomplished by 
exposing the powder to circulat- 
ing hot air (see Reference 2 for a 
discussion of the current status of 
this procedure). Since the powder 
is heated to about 180° F., if it is 
fed immediately, the injection 
machine is relieved of a substan- 
tial fraction of its heating load. 
Thus predrying, alias preheating, 
is an indirect way of increasing 
the plasticating capacity of an in- 
jection machine. 


water-caused de- 


Dry coloring 

Most 
made in color to the customer’s 
specifications. Since the biggest 
contributor to the cost of many 
moldings is the material cost, a 
molder who tried to keep on hand 
stocks of all popular colors of the 
various materials would be bank- 
rupted by the high cost of capital 
tied up in materials’ inventory. 


injection moldings are 


Therefore, most molders stock un- 
colored molding powders and do 
their own coloring (or have it 
done on a custom basis). Dry- 
coloring, the most popular (least 
costly) method of getting pig- 
ments into molded products, con- 
sists of tumbling the molding 
powder and finely ground pig- 
ment in a blender, then feeding 
the blend to the molding machine. 
In the past, the products so made 
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often been and 
and modifica- 
tions of cylinders, torpedoes, and 
nozzles have been suggested to 
improve the evenness of distribu- 
tion of the color in the hope of 
making it equal to that obtained 
by extrusion-compounding of the 
dry blend before molding. 
Recently, a number of new, in- 
the-nozzle mixing aids have been 
introduced, several of which were 
discussed at the Jan., 1958, Antec 
of the SPE in Detroit. But the 
most effective appears to be a 
breaker plate having about two 
dozen restricted, venturi-shaped 
orifices (1). Distribution of color 
with this plate, as measured by 
the thin molded 
disks, was at least as good as the 
extrusion-compounded _ product. 
The plate is easy to make, readily 
adaptable to most 
negligible 


have streaky 


spotty, numerous 


appearance of 


nozzles, and 


offers resistance to 


flow. 


Annealing 

As was noted above, molded 
parts sometimes suffer serious re- 
ductions in strength because of 
molded-in stresses. Conditions 
may be such that these stresses 
cannot be prevented during 
molding. If such parts are held 
at an elevated temperature for the 
proper time, these internal 
stresses will eventually relax (37, 
36, 23, 15). The temperatures must 
not be too high, else they will 
warp or “stubbify” the resoftened 
part. The usual methods are to 
immerse the piece in a bath of hot 
liquid (water is common), or to 
keep it in a circulating-air oven 
for a while, the time depending 
on the material, temperature, the 
part shape, and the molding con- 
ditions. The annealing of some 
materials is discussed in the indi- 
vidual articles on specific mate- 
rials. 


Preplastication 

Preplastication is the technique, 
involving extra equipment, 
whereby the molding powder is 
melted in one chamber then 
transferred to the injection cham- 
ber before injection. Usually, the 
melting chamber is a_ cylinder 
nuch like the injection cylinder, 
1o0ugh variations exist. Origi- 
ially, preplasticators were devel- 
ped to increase the shot capac- 
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Fig. 2: Runner layout for a 16-cavity mold is designed so that melt 
reaches the gates at the same instant, filling of the cavities is com- 
pleted at the same instant, and gates all seal at the same instant. 


All cavities are alike 


ity of the extra-large machines; 
the largest on record is rated for 
over 55 pounds. More recently, 
other advantages have become 
apparent (19, 8). Briefly they are: 
increased productivity because of 
faster cycles and reduced reject 
rates. Since there is no bed of 
recalcitrant particles in the injec- 
tion cylinder, much lower ram 
pressures can be used, and much 
better control of injection pres- 
sure is attained. Because some 
mixing is accomplished as the melt 
is transferred from the melting 
chamber to the injection cylinder, 
melt temperature is more uni- 
form. Very high injection rates 
are possible. 


Mold temperature 


In the paragraphs on Mold De- 
sign, above, the importance of 
mold temperature uniformity was 
discussed. Shot-to-shot uniform- 
ity, of course, requires not only 
shrewd coring, but also close con- 
trol of the cooling medium tem- 
perature. This medium is nearly 
always water, but oil and steam 
have been used. On very small 
machines, molds may be electri- 
cally heated and air cooled. 

It has been recognized that 
moldings harden faster in colder 
molds. Where flow properties per- 
mit, then, we should expect that 
the cycle could be shortened by 
lowering the mold temperature. 
Many molders are using refrig- 
erating equipment of a compact, 
portable type to chill the water 
that circulates through the mold. 
Aside from keeping the mold 
colder, the technique provides 
close regulation of water temper- 
ature. It incidentally cuts the 
water consumption to almost 
nothing, an important considera- 


tion in dry areas. To avoid sur- 
face defects, the temperature of 
the mold faces must be above the 
dew-point of the air in contact 
with them. The effects of mold 
temperature on the flow of poly- 
ethylene and on the properties of 
molded polyethylene pieces have 
been investigated rather thor- 
oughly (6). In brief: lowering the 
mold temperature _increases 
strength and stiffness, improves 
clarity, slightly reduces surface 
gloss, and reduces cycle time sub- 
stantially. 

The chapters directly following 
this one provide more detailed 
and specific information on the 
injection molding of the various 
thermoplastics. 
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Acrylics 





BY G. G. FREYGANG* 


Acrylics are used primarily in 
those applications where their 
outstanding properties of optical 
clarity, outdoor stability, chemi- 
cal resistance, and dimensional 
stability are of importance. 

The acrylics are not compatible 
* Development Engineer, Plastics Laboratory, 


Rohm & Haas Co., Washington Sq., Philadel- 


phia 5 i 


with other plastics, and such mix- 
tures will destroy the clarity of 
the molded parts. In_ similar 
manner, the three acrylic grades 
cannot be mixed without produc- 
ing objectionable distortion. 
Dirt, lint, and dust will detract 
from the clarity of the molded 
parts. Good handling practices ar¢ 
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therefore of extreme importance. 
Because of the inherent tendency 
of practically all plastics to de- 
velop static charges, it is virtually 
impossible to prevent dust accu- 
mulation on reground material, 
even under ideal conditions. It is 
more desirable to use 

reground material in 
less critical parts than to blend 
it into virgin material. 


usually 
screened 


Molding characteristics 
See Table I, below. 
Annealing: It has been estab- 
lished (1)! that the most stress- 


N ber n p s link to Special Ref- 


free molding will give the best 
service with respect to dimen- 
sional stability at elevated serv- 
ice temperatures, 
chemical attack, 
outdoor 


resistance to 
and long-time 
exposure. Molding at 
moderate-to-high material tem- 
peratures, with adequate but not 
excessive pressure into warm and 
carefully controlled molds will 
produce the most stress-free 
parts (2). Annealing will tend to 
redistribute and lower the in- 
herent molding stress and will 
produce superior parts. Anneal- 
ing is imperative if the parts are 
to be decorated by painting or 
lacquering. Annealing, however, 


is not a means to overcome poor 
molding practices. 

Mold design: Well-designed 
molds are an important adjunct to 
the production of well molded 
parts. Adequate sprue, runners, 
and gates are necessary. For many 
parts, an !%:-in. sprue bushing, 
matched to a %%2-in. 
satisfactory. Runners should pre- 
ferably be full round, “e in. in 
diameter 


nozzle, is 


if less than 10 in. in 
length, *4 in. in diameter if longer. 
gate listed 
in Table I, below. In multiple- 
molds, 


Suggested sizes are 


cavity balanced runner 
length, balanced gates, and bal- 


anced venting, if required, are all 





TABLE |: Injection molding characteristics of acrylic molding powder* 


(Recommended molding conditions for various section thicknesses ) 





Thickness of section: 
emperatures, °F 
1) rear cylinder 
mid cylinder 
3) forward cylinder 
4) nozzle 
5) mold face 
5) melt leaving nozzle 
Pr 


1) in standard cylinder 


less than ¥% in. 
480-500 
440-450 
440-450 
375-390 
175-190 
400-420 


ssure exerted on material by ram, p.s.i. 


2) in injection cylinder of preplasticating 


machine 
Timing 


1) total cycle 
time), sec. 


(including 


2) ram forward time, sec. 


Recommended 


gate dimensions 


mold-open 


(assuming 


cavity volumes of 1, 4, and 16 cu. in. for the 


three section-thickness classes) 
If round, diameter, mils 
land length, mils 


If rectangular, depth, mils 
width, mils 
land length, mils 


Annealing 

1) medium 

2) temperature, °F 

3) time, min. 

Shrinkage allowance, mils/in. 
1) in direction of flow 


2) perpendicular to flow 


Based on Grade 8 acrylic molding power 


75 
70 
75-90% of wall 
144-2 X depth 
70-80 


to % in. 


75-90% of wall 
1144-2 X depth 


over 4 in. 
480-500 480-500 
440-450 440-450 
440-450 440-450 
375-390 375-390 
175-190 175-190 
400-420 400-420 
20,000 20,000 


3-5000 3-5000 


60 per % in. 


30 and up 


120 187 
70 70 


75-90% of wall 
114-2 * depth 


70-80 70-80 


Hot-air circulated oven 





170 
120 


Without annealing | 


4 
3 


Without annealing 


180 190 

120 120-240 

| Without annealing 
4 5 

3 | 4 
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necessary if uniform fill patterns 
are to be maintained (3). Good 
mold design also provides ade- 
quate draft for easy release and 
sufficient knock-out points so that 
the parts are not stressed due to 
ejection 

Predrying: Predrying of acryl- 
ics is recommended. Because of 
the inherent tendency to absorb 
some moisture, the acrylic mold- 
ing powder may have varying 
amounts of moisture at the time 
of use, in spite of the care taken 
in its preparation and packaging. 
If the moisture content is high, 
molding conditions may have to 
be modified to suppress defects; 
remedies are lower material tem- 
perature and higher pressure, 
both of which will cause more 
highly stressed, and thus less 
serviceable parts. Predrying also 
contributes toward a more uni- 
form feed temperature, particu- 
larly if hopper dryers are used. 
The uniform feed temperature in 
turn contributes to more uni- 
formity in material temperature 
and pressure. 

Hopper dryers and ovens can be 
used. In the hopper dryer, 3 hr. at 
180 to 200° F. is recommended; 
in ovens, 2 hr. at 180 to 200° F. 

Machine capacity: The selec- 
tion of machine size will have an 
influence on the quality and yield 
of molded parts. Normally, the 
best results are attained if the 
shot weight is no more than 75% 
of the machine capacity. Molding 
over this capacity may produce 
material temperature variations 
within the shot and lower the 
available pressure at the mold. 
Excessive over-capacity of the 
machine is also undesirable. 

Recommended temperatures for 
rear cylinder, mid cylinder, for- 
ward cylinder, nozzle, and mold 
face are listed in Table I, p. 685. 
The temperature of the melt as it 
leaves the nozzle is also listed. 
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2) “Service temperature char- 
acteristics of molded _ acrylic 
parts” by Gouza and Robertson, 
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3) Runner and gate design,” 
Mopern Puastics 34, No. 2, 166, 
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The four types of cellulose plas- 
tics having volume usage for in- 
jection molding applications are 
cellulose acetate, cellulose pro- 
pionate, cellulose acetate buty- 
rate, and ethyl cellulose. Each has 
its distinguishing characteristics, 
but being of the same family they 
are similar in a number of ways. 
In particular, these plastics are 
noted for their toughness, dimen- 
sional stability, surface appeal, 
almost unlimited color range, heat 
stability, and ease of molding and 
fabrication. They are all prepared 
from their basic polymers into 
workable plastic form by com- 
pounding with proper plasticizers. 
A number of different plasti- 
cizer types are used, and it is 
quite common to combine two or 
three to advantage. By virtue of 
the modifications which can be 
made in formulation, very broad 
ranges of physical properties and 
molding characteristics are pos- 
sible. Through proper selection 
of base polymer, and type and 
amount of specific 
property combinations can be 
“designed” into the plastic. 


plasticizer, 


Handling 


Predrying: To obtain good re- 
sults in cellulosics, 
proper drying is essential, par- 
ticularly since these plastics are 
slightly 


molding 


hygroscopic in nature. 
Presence of excessive moisture is 
cause for such defects in the 
molded piece as surface mica, 
blisters, and bubbles. Drying of 
the granules to a moisture con- 
tent of 0.2% or less is recom- 
mended. This may be accom- 
plished in the following manner: 
Type of equipment: Hopper dryer 
or circulating-air oven 
dryer) 
Drying time, hr: 2 to 6 
Dry temp., °F.: 160 to 200 
In hopper dryers, the higher 
temperature levels up to 200° F. 
can be used if it is known that 
the material in use will not tend 
to lose its plasticizer through 
volatilization or become tacky and 
bridge across the hopper throat. 
If a tray dryer is used, the rec- 
ommended depth of granules in 
the trays is about %4 inch. 
Infra-red dryers can also be 


(tray 


used. Among infra-red dryers, 
those best suited to production 
use are endless-belt or vibrating- 
conveyor units, which in a con- 
tinuous type of operation pass the 
granules in a thin layer under 
infra-red lamps for a controlled 
exposure. 

Handling: Care in handling to 
avoid contamination is necessary, 
but no special handling conditions 
are required. 


Equipment and molds 

Equipment: No special equip- 
ment is necessary when molding 
the cellulosics. Certain recom- 
mendations are offered, however. 

For example, a heater band for 
the nozzle, with separate Variac 
control, is . recommended. Gen- 
erally, 100 w. is adequate. The 
heat should be adjusted to give 
a slight pull-out of plastic melt 
on the nozzle end of the sprue. 

Large-hole nozzles are also pre- 
ferred for easier fill because they 
lessen pressure loss. The size, 
however, will necessarily be 
slightly under that of the sprue’s 
minimum diameter. 

Recommended materials of con- 
struction for cylinders and 
spreaders are S.A.E. 4140 or 4340 
steels. 

Mold design: Identical-cavity 
layouts are highly preferable to 
“family” molds from the stand- 
point of balanced flow, simul- 
taneous filling, and minimizing of 
flash. A flash chrome plating of 
cavities is recommended. 

Gating: See Table I, p. 687, Sec- 
tion D. Dimensions listed in 
Table I are based on the re- 
stricted type of gate and are ap- 
plicable as starting recommenda- 
tions for all cavity sizes within 
the given limitations. Gates may 
be enlarged, particularly in the 
large-size heavier-thickness cavi- 
ties, if necessary. 

Except possibly for relatively 
large moldings, the restricted gate 
has a number of advantages over 
the full-open type. Properly ap- 
plied, it provides improved uni- 
formity of flow-out, minimizes 
turbulences and resultant stresses, 
and enables better escape of gases 
from the cavity. Also, more rapid 
setup at the gate acts to elimi- 
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nate sinks and flow-back and in 
turn enables a shorter piston- 
forward time in cycle. Another 
advantage is reduced trimming 
and finishing. 

At the same time, the tendency 
for somewhat lower’ impact 
strength to occur near the gate 
area should be kept in mind. 
Generally, with restricted gating, 
it is desirable to gate into the thin 
cross-section end of a cavity. The 
plastic should enter the cavity in 
a direction perpendicular to the 
main direction of flow within the 
cavity and directed against an op- 
posing wall or pin so that the 
center of flow is dispersed. This 
provides more uniform fillout and 
eliminates “worming.” 

The molding of mottles through 
restricted gating will result in a 
blending-out effect, but as the 
diameter approaches 0.050 in., 
quite a good pattern can be ob- 
tained. 

Runners: A recommended lay- 
out of cavities and runner system 
would feature the following: 
1) equal runner distance from 


sprue to all cavities; 2) a balance 
in cavity distribution by having 
an equal number per runner and 
per branch of runners; 3) full- 
round runners; 4) a_ stepwise 
reduction of 4 in. in runner di- 
ameter from sprue to cavities at 
each branching of the system; and 
5) an over-run of the runners 
past the gates, or past the second- 
ary sprues if center-gated, and 
also at appropriate junctions in 
the system to function as cold- 
slug wells. 

As a rule, runner diameter can 
be gaged by the thickness and 
size of the piece to be molded. 
Common sizes are % to 6 in. 
with a minimum of “46 in. recom- 
mended. Oftentimes, undersized 
runners rather than gate size are 
cause for such difficulties as mica, 
lamination, and lack of ease in 
mold fill. Thus, it is advisable 
when using restricted gating to 
be assured that runners are ade- 
quate before opening the gates. 
A runner connecting to a gate 
should not be tapered in its ap- 
proach but should be kept full 


and should end in a hemispheri- 
cal contour. This helps to mini- 
mize pressure loss. 


Molding characteristics 


See Table I, below. To cover 
this extremely broad class of 
molding compounds over the flow 
grades commercially available, 
fairly wide ranges are used in 
the tabulation of figures in Table 
I. For example, some of the softer 
compositions can be molded as 
low as 350° F., 
harder, less-plasticized formula- 
tions may require as high as 500 
F. Allowance for differences in 
injection molding machines, type 
of part being molded, mold de- 
sign, etc., 
account. 

The approximate operating con- 
ditions are therefore offered only 
as a guide for start-up . 

Cylinder temperature: A good 
rule-of-thumb, regardless of type 
or formulation, is to work at the 
highest temperatures 
feasible for good operation. This 
is important, particularly for the 


whereas the 


was also taken into 


cylinder 





TABLE I: Injection molding characteristics of cellulosics 
(Recommended molding conditions for various section thicknesses ) 





Thickness of section: 


less than \% in. 


Vy to 4 in. 


over ¥% in. 





A. Temperatures, °F. 
1) rear cylinder 
2) mid cylinder 
3) forward cylinder 
4) nozzle 
5) mold face or mold coolant 
6) melt leaving nozzle 


340-510 
340-510 
340-510 
300-460 
70-180 
330-450 


. Pressure exerted on material by ram, 


p.s.i. 
1) in standard cylinder 


10,000-20,000 


2) in injection cylinder of preplasticat- 


ing machine 
Timing 
1) total cycle 
time), sec. 
2) ram forward time, sec. 


(including mold-open 


. Recommended gate dimensions' (assum- 
ing cavity volumes of 1, 4, and 16 cu. in. 
for the three section-thickness classes) | 


10,000-20,000 





340-490 
340-510 
340-510 
300-460 

70-180 
330-430 


10,000-20,000 


If round, diameter, mils 25-50 25-50 and up 25-50 
land length, mils 40 40 40 
If rectangular, depth, mils 25-50 25-50 and up 25-50 
width, mils 50-100 50-100 50-100 
land length, mils 30-40 30-40 30-40 
. Shrinkage allowance, mils/in. | Without annealing Without annealing Without annealing 
1) in direction of flow 2-7 2-15 4-25 
2) perpendicular to flow 2-7 2-15 4-25 


Gating dimensions listed are based on the restricted type of gate and are applicable as starting recommendations for all cavity sizes within the given 
nitations. Gates may be enlarged, particularly in the large-size, heavier-thickness cavities, if necessary 


See also text, p. 686 
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harder, higher-flow materials, in 
order to develop maximum im- 
pact resistance and elongation, to 
minimize molded-in stresses, and 
to avoid weak welds. This tem- 
perature is generaly slightly be- 
low the point at which traces of 
discoloration occur. Some excep- 
tions to this are found where 
other limitations are encountered 
prior to reaching this tempera- 
ture level, i.e., defects such as 
flash, sinks, voids, heat marks, 
and vapor burns. These excep- 
tions will occur for the most part 
with the lower-flow materials, 
where the need for approaching 
the discoloration point assumes 
less significance. 

In molding ethy! cellulose, par- 
ticularly relatively thin 
required, use of 


where 
sections are 
maximum allowable temperatures 
should receive special emphasis. 
If molded on the “cold” side, the 
piece may look good but is likely 
to be laminar, or have a peelable 
surface skin, and will tend to dull 
or “rub-up.” Higher-flow grades 
are more apt to show these de- 
fects than the softer compounds. 

Flow temperature, as measured 
by the standard A.S.T.M. test, 
D569-48, is commonly used with 
the cellulosics as a means for 
control and identification. This is 
the temperature at which a plas- 
tic under 1500 p.s.i. pressure will 
flow through a standard \%-in. 
orifice for a distance of 1 in. in 2 
minutes. It is recognized that the 
rates of shear and the conditions 
of temperature and pressure, in 
addition to other basic differences, 
are quite unlike those occurring 
in an injection molding process. 
For these reasons, the test is not 
a precise indication of relative 
molding characteristics, unless the 
plastics from a 
given polymer-plasticizer system. 
Therefore, for example, it is not 
at all uncommon to have two cel- 
lulose acetate plastics of the same 
flow which differ significantly in 
molding characteristics. 


compared are 


In view of this, an unqualified 
use of flow to indicate molding 
temperatures should be consid- 
ered as only a rough guide for 
start-up. 

If the melt in the cylinder is 
kept hot too long, it degrades. 
Top safe temperature for 20-min. 
exposure is 350 to 400° F. 


Approximations for average 


conditions are as follows: 


Cylinder 
temp. 
Flow! (°F.) 


455 — 510 
435 — 495 
405 — 465 
MS—M 370 — 430 
s2—S 340 — 400 
Nozzle temperature: If the noz- 
zle or cylinder heats are excessive, 
the plastic will drool. This is not 
only a waste of plastics but is 
objectionable in that some of the 
oozed material enters the sprue 
bushing prior to the injection 
stroke, becomes chilled, and may 
cause plugging at the cavity gate 
or surface defects in the part. 
Mold 


work 


H4 —H5 
H2 — H3 
MH —H 


temperature: Precision 
requires control. 
Proper coring of the die and a 
temperature-control unit capable 
of maintaining the circulating 
water at 2° F. are essentials. 
Optimum temperature level will 
depend primarily on size and 
thickness of the part and on the 
plastics formulation. For relatively 
high-flow compositions, especially 
where long, very thin sections are 
being molded, temperatures as 
high as 180° F. may be needed. 
For the softer formulas, a low in 
the vicinity of 70° F. is not un- 
common. However, most jobs will 
fall within a 120 to 160° F. range. 
For obtaining maximum surface 
gloss, plus minimum weld lines 
and flow marks, the highest tem- 
perature which will provide ade- 
quate set within the cycle limita- 
tions should be used. 

Pressure: In general, the opti- 
mum is a combination of maxi- 
mum pressure and minimum 
booster which will provide un- 
hesitating fill without encounter- 
ing flash or sinks. 

Cycle: The cycle is primarily 
governed by section thickness, 
plastics formulation, cylinder 
temperature, die temperature, and 
the ease of ejecting the molded 
part from the cavity. The injec- 
tion portion of the cycle should be 
of adequate length for setup to 
occur at the gates of the cavities. 
Otherwise, flow-back, with re- 
sultant sinks or voids in the part, 
will occur. The cooling portion of 
the cycle should then be the mini- 
See AS.T.M. test D569-48, 1955 Book of 


A.S.T.M. Standards, Part 6, p. 287, for defini- 
tion of these flow designations. 


close 


mum needed for prevention of 
distortion on ejection and during 
further cooling. 

Purging routine: Purging is 
done with commercial purging 
compound, scrap, or the material 
to be molded. Purging is generally 
necessary at start-up, or after ex- 
cessive heat exposure due to 
hold-up or when changing over 
from another material. 


Design of molded part 


Prior to new die construction, 
first consideration should be given 
to the design of the article. 

Dependent on design and im- 
portant for successful molding 
are: 1) flow of the plastics in fill- 
ing the cavity; and 2) ease of 
ejection of the molded part. 

The general shape and dimen- 
sions of the proposed molding and 
the gate location are principal 
factors affecting flow through the 
cavity. Their combined influence 
should be’ directed toward 
achieving an unhesitating, bal- 
anced progression of the plastics 
during cavity fill. If flow from 
the gate to the extremities is not 
uniform, or if the flow becomes 
divided, trapping of gases and 
weld lines are likely. Wall thick- 
ness is a very important control- 
ling feature, and even small 
variations toward an unbalanced 
condition can cause trouble. Sud- 
den changes in the _ thickness 
should also be avoided because of 
a shrinkage differential on cool- 
ing, which is likely to cause dis- 
tortion or highly stressed areas. 
On center-gated items, it is good 
practice to provide a_ gradual 
decrease in the wall dimensions 
as the distance from the gate in- 
creases. This tends to prevent un- 
balanced fill; furthermore, with 
deep-drawn parts, the draft ob- 
tained is necessary for ejection. 

Where holes and inserts are re- 
quired, it is well to avoid, if pos- 
sible, square or rectangular shap- 
ings, since flow at these points 
tends to cause a weld line and 
also pigment orientation. 

No matter what the final design 
is to be, however, the recom- 
mended molding conditions listed 
in Table I, p. 687, can be taken 
into account. These recommenda- 
tions have been broken down to 
provide for variations caused by 
differences in section thickness. 
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INJECTION MOLDING: Polytrifluorochloroethylene 





BY J. A. JUPA* 


Although polytrifluorochloro- 
ethylene (TFCE) can be com- 
pression molded, most of its 
molded applications have been 
produced by injection molding. A 
major factor governing the mold- 
ing, heat-treating techniques, and 
end-uses of TFCE is its molecular 
weight. High molecular weight 
must be maintained to insure 
high tensile strength, elongation, 
toughness, and resistance to em- 
brittlement in the finished parts. 


ZST test 


A fast and accurate check of the 
molecular weight of TFCE com- 
pounds can be obtained during 
fabrication, within a few minutes 
after a part has been produced, by 
means of the ZST (Zero Strength 
Time) test. The ZST test meas- 
ures the time (in sec.) required 
to break a standard notched strip 
which is weighted with a 714-g. 
load at 250° C.; the result can be 
converted to the old NST system 
or directly to its value in centi- 
stokes as obtained by the solu- 
tion-viscosity method. A special- 
ly-designed ZST apparatus has 
been devised which is semi-auto- 
matic in operation and can easily 
be operated by nontechnical per- 
sonnel. 


Molds may be constructed from 
regular die steels, if subsequently 
chromium-plated, but it is safe to 
run sample shots before chrome- 
plating. High-grade chromium 
steels or Duranickel are also rec- 
ommended for mold cavities. The 
use of short sprues, full-round 
runners, and round gates is sug- 
gested because TFCE has a high 
melt viscosity and sets up rapidly, 
even at elevated temperatures. 

Mold shrinkage: Mold shrink- 
age on unplasticized and plasti- 
cized TFCE is to a great extent 
dependent upon the general size, 
weight, and geometric design of 
the piece, cylinder temperatures, 
ind the effective pressure which 
s being applied under those tem- 
peratures. 

Generally, the higher the cylin- 


* Chemical Products Group, Minnesota Mining 
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der temperature and the greater 
the weight of the piece, the 
greater the expected mold shrink- 
age. For unplasticized pieces 
weighing from approximately 1 to 
10 g. and having wall thickness 
from 0.025 to 0.125 in., mold 
shrinkage is between 0.005 and 
0.010 in./lin. inch. As the weight 
and thickness of the unplasticized 
piece increases from approxi- 
mately 10 to 50 g., mold-shrink- 
age values will increase from 
0.010 to 0.020 in./lin. inch. 

Mold temperatures: High mold 
temperatures in the neighborhood 
of 290 to 310° F. are required for 
TFCE. These temperatures may 
be obtained by electrical heat, 
steam, or hot oil. 

In many cases, it is difficult to 
reach the required mold tempera- 
tures unless special provisions are 
made to insulate the die from the 
heavy metal platens of the press. 
Satisfactory insulation can be 
achieved by using a Transite 
board approximately 4%- to 14-in. 
thick between the press platen 
and the die. The passage of hot 
oil or steam through one half of 
the die and then through the 
other half may result in a con- 
siderable differential in tempera- 
ture; therefore, direct heating to 
each half of the die is suggested. 

Uniform heating of the cavity 
areas must be seriously consid- 
ered. Numerous molding difficul- 
ties have been traced to wide 
temperature variations between 
cavities. In order to check such 
variations, the strategic location 
of thermocouples in critical sec- 
tions of the die may be indicated. 


Molding characteristics 

See Table I, p. 690. 

Cylinder temperature: Cylinder 
temperatures between 500 and 
575° F. are usually found neces- 
sary for molding TFCE, but it is 
most important to keep the cyl- 
inder temperature at as low a 
point as possible to prevent ther- 
mal degradation. The temperature 
setting of the nozzle may be at a 
higher temperature than the front 
and rear heaters. 

If the machine must be stopped 
for a long period of time, the cyl- 
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inder heat should immediately be 
lowered to a temperature of no 
more than 400° F. 

If the melt in the cylinder is 
kept hot too long, it degrades and 
the molded pieces suffer from dis- 
coloration, brittleness, etc. Top 
safe temperature recommended 
for an exposure of 20 minutes 
is 550° F. 

Molding pressures: It has been 
found necessary in many cases 
to use injection pressures of 
30,000 p.s.i., and higher for mold- 
ing TFCE. These pressures may 
be demanded by the character of 
the piece, general die design, and 
the effective pressure which the 
machine can supply at the nozzle. 
Because TFCE has a high melt 
viscosity, it is also necessary to 
displace the material quickly and 
to follow up with a consolidating 
pressure within the die before the 
material has an opportunity to 
“set up.” Exerting higher molding 
pressures on the material also 
permits molding TFCE at some- 
what lower temperatures. 

In other cases, pressures below 
30,000 p.s.i. have been satisfac- 
tory. Such factors as large gate or 
shooting the material directly into 
the die cavity have made the use 
oi lower pressures possible. On 
occasion, wide variations in ma- 
chine pressures of different ma- 
chines have been found, even 
where the same die was used and 
the injection cylinder was held 
at approximately the same tem- 
perature. 


Cold-runner molding 

A good general rule for cold- 
runner molding is to use the low- 
est molding temperature possible 


Potentiometer (left) and 
rotor (right) are typical of 
products being molded of 
TFCE resins. (Photo, Minn. 
Mining & Mfg.) 





within the range of 500 to 575° F. 
which will produce satisfactory 
molded pieces. 

Using the lowest temperature 
—500° F. along the length of the 
cylinder—the molding operation 
may be started; if “short shots” 
are obtained, it is well to increase 
the cycle 100% or more. If “short 
shots” are still obtained, it will be 
desirable to raise the temperature 
approximately 20° F. and resume 
molding at the new level. If this 
condition does not produce satis- 
factory pieces, increase the length 
of the cycle. 

If the molder finds it neces- 
sary to go above the suggested 
temperatures, other changes must 
be made, such as an increase in 
pressure or opening up _ the 
sprues, runners, and gates, etc., 
to obtain the necessary flow into 
the cavity of the die. 

It is important to feed a quan- 
tity of material to the cylinder 
roughly equivalent to the weight 
of a “full shot.” The feed setting 
should be so adjusted that the 
material cushion within the cyl- 
inder remains constant through- 


out the run. By using a safe 
setting which will reduce the ma- 
terial cushion to a minimun, it is 
possible to utilize the full effec- 
tive pressure which the ram can 
supply. 

TFCE plastic, in its molten 
state, has an extremely high vis- 
cosity and, consequently, its flow 
characteristics are generally in- 
ferior to those of other thermo- 
plastics. Often, in order to fill 
cavities in the conventional two- 
plate die and cold-runner system, 
it has been necessary to overheat 
the material within the cylinder. 
This frequently results in mate- 
rial breakdown. 


Hot-runner molding 

The runners of a hot-runner 
mold system are designed to con- 
tain effectively the same weight 
of material as required in the 
molded pieces. This means that 
the injection cylinder acts as a 
preconditioner gradually to bring 
the material up to a temperature 
which will render the material 
flowable without excessive deg- 
radation. The final rendering of 


flowability is then done in a hot- 
runner system just prior to in- 
jection into the cavities. Since the 
material is in the hot-runner sys- 
tem for a relatively short time, a 
slightly higher final conditioning 
temperature is generally used by 
the molder. 

With the hot-runner system, 
the scrap resulting from sprues, 
runners, and gates is reduced to a 
minimum. The sprues and run- 
ners are not removed from the 
mold after each shot; only the 
molded parts, with very small 
gates attached, are removed. This 
means that many small parts can 
be injection molded quite eco- 
nomically. 

In hot-runner molding, only 
100°, virgin material is _ used. 
Since there are no sprues and 
runners to remove, the molder 
has no problem of providing stor- 
age space for scrap, or of con- 
tamination by re-using the mate- 
rial. 

Higher quality, less orientation, 
and higher-molecular-weight 
parts with optimum physical 
properties are also produced by 





TABLE |: Injection molding characteristics of unplasticized polytrifiuorochloroethylene 


(Recommended molding conditions for various section thicknesses ) 





Thickness of section: less than \% in. lg to 4 in. over V4 i 


A. Temperatures, °F 
1) rear cylinder 
2) mid cylinder 
3) forward cylinder 
4) nozzle 


500-540 
520-560 
540-580 
540-580 
200-320 
540-580 


5) mold face or mold coolant 
6) melt leaving nozzle 


. Pressure exerted on material by ram, 
p.s.i. 
1) in standard cylinder 


20,000-25,000 


. Timing 
1) total cycle (including mold-open 
time), sec. 


2) ram forward time, sec. 


. Recommended gate dimensions (as- 
suming cavity volumes of 1, 4, and 16 
cu. in. for the three section-thickness 
classes) 

If round, diameter, mils 
land length, mils 


125-250 
125-187 


. Annealing 
1) medium air 
2) temperature, °F. - 250 
3) time, hr. 8 


. Shrinkage allowance, mils/in. 5-25 
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the employment of a hot-runner 
mold. 

The hot-runner system consists 
if an extension of the three-plate 
mold system. The third plate, 
which normally contains a sprue 
and runners which must be re- 
moved after each shot, is backed 
with a plate which is a mirror 
image of the third plate. The run- 
ner system thus enclosed is 
heated separately to temperatures 
well above the softening point 
of the polytrifluorochloroethylene 
plastic. 

The third plate serves as a 
reservoir which can condition a 
quantity of material equivalent 
to that required for one shot. It 
is thus possible, by the aid of 
cavity feed bushings directly 
connected to this reservoir, to in- 
ject TFCE at essentially cylinder 
temperature directly into the 
cavity. The hot-runner section or 
reservoir is maintained at about 
529° F. 


Purging routine 

Normally, if at all possible, it is 
recommended that the cylinder 
be dismantled and cleaned of 
other thermoplastic materials 
prior to running TFCE; however, 
if dismantling is not possible or 
practical, it may be desirable to 
use scrap TFCE for the purging 
operation. 
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BY LOUIS PAGGI* 


Since good quality and close 
tolerances are specified in most of 
the applications of nylon, the in- 
jection molding operations must 
be performed with care and all 
variables closely controlled. 

Successful molding of nylon 
requires consideration of certain 
basic factors. For example, nylon 
has a sharp melting point (e.g., 
487° F. for Zytel 101'). At mold- 
ing temperature, the material has 
a lower melt viscosity than con- 
ventional thermoplastics. It is 
therefore necessary to modify 
conventional equipment and pro- 
cedures when molding nylon. 

Plasticating cylinder: With a 
correctly designed nozzle and 
proper distribution of heat, in- 
jection cylinders of all designs 
can be used for molding nylon. 
In general, it is found that hori- 
zontal diverging-type cylinders 
(Figs. 1 and 2, p. 692) and ver- 
tical cylinders can be heated to 
a higher over-all temperature 
than is possible with horizontal 
straight-bore cylinders. 

Failure to carry sufficiently high 
temperatures at the rear section 
of diverging and multi-channelled 
cylinders may result in bridging 
of the granules, causing drooling 
at the nozzle, loss of injection 
pressure, local degradation of the 
material, and reduced output. 

The type shown in Fig. 1 (typi- 
fied by the De Mattia, HPM, 
Impco, Fellow-Leominster, Reed- 
Prentice, and Watson-Stillman 
machines) has no heating band 
over the course traveled by the 
plunger. The rear heating zone is 
at the rear section of the spreader. 
For this type of cylinder, the 
highest temperature (600° F. or 
hotter, depending on thickness of 
cycle, etc.) should be 
maintained at the band 
(measured at the center of the 
heater band). A_ temperature 
about 50 to 150° F. lower is main- 
tained over the front portion of 
the spreader section. The tem- 
perature at the extreme front end 
of the cylinder should be just 


section, 
rear 
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high enough to keep the material 
moving through the nozzle—as 
low as 400° F. on fast cycles, or 
as high as 500° F. on slow shots. 

In the cylinder design shown in 
Fig. 2 (exemplified by the Lester 
and Van Dorn machines), the rear 
heating zone overlaps a section of 
the plunger stroke. The rear band 
of such a cylinder should be 
heated only to about 450° F. The 
higher temperature is applied at 
the main body bands. For the 
front portion of the spreader and 
the extreme front end of the cyl- 
inder, the same general rules ap-: 
ply as for the cylinder in Fig. 1. 

Nozzle: Recommended for 
molding nylon is a nozzle with a 
reverse taper bore at least 1 in. 
in length. This, in effect, extends 
the sprue into the heated nozzle. 
This design permits operation of 
the nozzle at a lower over-all 
temperature, eliminates the likeli- 
hood of a hot spot at the rear of 
the nozzle, and provides good con- 
trol over drooling. For the best 
results, this type of nozzle should 
be provided with a heater band 
of sufficient wattage to maintain 
a temperature of at least 600° F. 
This band should be located as 
close as possible to the outlet of 
the nozzle and the sprue bushing, 
and should not exceed 2 in. in 
length. 

It is important that the nozzle 
be adjusted to the sprue bushing 
only after the plasticating cylin- 
der is up to molding temperature. 
If the nozzle is tightened against 
the sprue with a cold cylinder, the 
thermal expansion of the cylinder 
will wedge the nozzle too tightly 
against the hard sprue bushing, 
causing peening-in of the front 
opening. A damaged 
hard to control. 


nozzle is 


At least one commercial ma- 
chine is equipped with a nozzle 
having a mechanical shut-off. This 
type of nozzle has proved suc- 
cessful in molding nylon; in fact, 
it offers certain advantages when 
molding over inserts, or when 
very hot material is required at 
the front end of the cylinder, as 
when molding thin- 
walled sections. 

Mold design: Special mold con- 


extremely 
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REAR IONE HEAT OVER REAR 


REAR IONE HEAT OVER SECTION 
SECTION OF SPREADER (600°.700°F ) 
' 


OF PLUNGER STROKE (ABOUT 450°F.) 


POSITION OF PLUNGER 


POSITION OF PLUNGER 
iM RETURN STROKE 


iN RETURN STROKE 























JUST HOT ENOUGH TO KEEP 
MATERIAL MOVING (400°.500°F ) 


JUST HOT ENOUGH TO KEEP 
MATERIAL MOVING (400°-S00°F.) 


POSITION OF PLUNGER 


POSITION OF PLUNGER 
iN FORWARD STROKE 


IN FORWARD STROKE 








Figs. 1 and 2: With proper distribution of heat, cylinders of all types can be used for molding nylon. Of the 
two major types of heater distribution, the cylinder in Fig. 1 (left) requires higher rear zone temperatures 
because the heater band does not extend over the plunger path 


struction is not required for ny- 
lon. Although molten nylon is 
more fluid than other thermo- 
plastics, it will solidify almost at 
the instant of contact with the 
relatively cold mold surface, thus 
eliminating any undue tendency 
to flash. When flashing occurs, the 
line pressure should be reduced 
but the high rate of injection 
maintained. It should be noted 
that a common cause of flashing, 
as well as surface burns, is due to 
insufficient venting of the cavities. 
Because of the high rate of in- 
jection necessary for nylon, good 
venting of cavities is important at 
the spot where air traps. The 
preferred method of venting is an 
overflow button or slug positioned 
diametrically opposite the filling 
gate and connected to the cavity 
with a gate and runner of approx- 
imately 12 the cross-section of the 
filling gate. Rough ground parting 
lines are a second choice. 

Lapping of the mating surfaces 
of the recom- 
mended when injection molding. 

Molds for articles which do not 
demand close tolerances can be 
designed by using data accumu- 
lated through experience or by 
allowing for a shrinkage of 0.010 
to 0.040 in./in., depending on the 
wall section of the article. When 
close required, 
however, the following mold con- 
struction steps are recommended: 

1) Using the specified dimen- 
sions, machine a single cavity in 
the mold-base. 


cavities is not 


tolerances are 


2) Machine the sprue bushing 
and all runners up to the positions 
where the production cavities will 
be inserted. This will establish the 
time required for the material to 
reach the cavities. 

3) By trial moldings in the sin- 


gle cavity, determine optimum 
runner and gate size, and deter- 
mine the best molding conditions 
required. 

4) Heat-treat the molded part 
for 2 hr. at 350° F., and allow to 
cool slowly. 

5) Check dimensions of the 
treated article after at least 24 
hours. Note changes in any di- 
mension, 

6) Use shrinkage data thus ob- 
tained to adjust the dimensions of 
the production mold which is to 
be constructed. 

Gating: See Sec. D, Table I, p. 
693. In general, runners should be 
between M46 and 3% in. in diam- 
eter. For articles having a wall 
thickness of 1% in. or less, runners 
need not exceed \ in. in diam- 
eter. For articles of heavier wall 
thickness, the diameter of the 
runners should usually be about 
14 to > the thickness of the arti- 
cle, though not exceeding %% in. 
in diameter. 

Dimensions for gates are given 
in Table I, p. 693. If possible, gates 
should be flared toward cavities. 


Predrying 


Material molded with a mois- 
ture content above 0.25% will 
give moldings or extrusions with 
reduced toughness. The molding 
powder should therefore be 
stored in covered, moistureproof 
containers. Hoppers of machines 
should also be covered to mini- 
mize contamination by moisture. 

It is recommended that nylon be 
molded fresh from the can. After 
opening the shipping container, 
nylon molding powder can stand 
(on humid days) for only 20 min. 
before predrying is necessary. 
Drying can be done in a de- 
humidified air oven at 175° F. 


Drying time would be between 
3 to 6 hr. for virgin material and 
12 to 24 hr. for reground material. 


Molding characteristics 

See Table I, p. 693. 

Molding temperatures: In many 
cases, the use of higher molding 
temperatures (600 to 700° F.) im- 
proves the properties of the 
molded piece (especially tough- 
ness), permits the use of smaller 
runners (hence gives less scrap 
and shorter cycles), and increases 
the plasticating capacity of the 
machine from two to four times 
that possible with temperatures 
of 550 to 600° F. 

Moldings of thin section, pro- 
duced in short cycles and at high 
rates of material consumption, 
require higher cylinder tempera- 
tures than moldings of heavier 
section, longer cycles, and low 
rates of material consumption. 
For example, in the case of a 6-o0z. 
shot being molded on an 8-oz. 
machine at a rate of about 11 lb. 
of nylon per hr., a temperature of 
520 to 600° F. is indicated. If the 
same 8-oz. machine is used to 
mold a 2-oz. shot every 20 sec. (or 
about 22 lb./hr.), a higher tem- 
perature will be required. An out- 
put of greater than 40 lb./hr. on 
the same machine may necessitate 
cylinder temperatures as high as 
720° F. 

Mold temperatures: In general, 
the temperature of the mold 
should be about 160° F. Lower 
temperatures may be used when 
extreme toughness in thin sec- 
tions is desired. Temperatures as 
high as 250° F. may be used when 
a more stress-relieved article is 
desired but where extreme tough- 
ness is not absolutely necessary. 

Molding cycles: Articles with 
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nonuniform cross-section, in 
vhich edges or surfaces must be 
xtremely straight or flat, will 
isually require longer cycles. 
Purging routine: After 5 min. 
lelay, purge repeatedly until ram 
labors. Repeat as necessary. 


Heat-treating 

To insure against any dimen- 
sional change caused by stress- 
relief, it is important that residual 
stresses be relieved by heat- 
treating the articles soon after 
molding. 

It is recommended that heat- 
treating of nylon be carried out 
in the absence of air, preferably 
by immersion in a suitable liquid. 
The temperature of the heat- 
treating liquid should be well 
above the temperature to which 


the article of nylon will be ex- 
posed in use, preferably about 
350° F. This will insure against 
dimensional change caused by un- 
controlled stress-relief occurring 
below this temperature. Upon re- 
moval from the heat-treating 
bath, the molded article should be 
allowed to cool slowly in the ab- 
sence of drafts; otherwise new 
surface stresses may result. A 
simple way of insuring slow, even 
cooling is to place the heated ar- 
ticle in a cardboard container. 
High-boiling hydrocarbons, such 
as oils or waxes, may be used 
as heat-transfer medium if the 
deposit left on the surface of 
the article is not objectionable. 
The minimum immersion time re- 
quired for heat-treating is 10 
min. for articles having a wall 


thickness less than ¥ inch. Arti- 
cles of heavier cross-sections may 
need up to 30 minutes. 


Hazards 


Nylon is not a dangerous mate- 
rial to handle, provided it is rec- 
ognized that it is very hot and 
very fluid in its molten state. 
Moisture in the nylon does not 
make it more dangerous. 

In general, molding powders 
heated to elevated temperatures 
in a confined space expand con- 
siderably and generate pressure 
which, when released, can cause 
molten material to be expelled 
from the cylinder with consider- 
able force. Long delays in the 
molding cycle increase the possi- 
bility of violent ejection, particu- 
larly if the material in the rear 





TABLE |: Injection molding characteristics of nylon 6/6 
(Recommended molding conditions for various section thicknesses) 





‘hickness of section: 


less than \% in, 


Wg to % in. 


over V¥% in. 





Temperatures, °F. 


1) rear cylinder 

2) mid cylinder 

3) forward cylinder 

4) nozzle 

5) mold face or mold coolant 
6) melt leaving nozzle 


600-700 
550-650 
525-600 
To suit 

70-200 
525-575 


600-650 
525-600 
510-525 
To suit 
140-200 
510-520 


600-625 
525-550 
500-510 
To suit 
180-200 
500-510 


Pressure exerted on material by ram, 

p.8.. 

1) in standard cylinder 

2) in injection cylinder of preplasti- 
cating machine 


15,000-30,000 15,000-30,000 15,000-30,000 


Not recommended at present 


>. Timing 
1) total cycle (including mold-open 
time), sec. 
2) ram forward time, sec. 


60 sec./1/4 in. section 
40 sec./% in. section 


Recommended gate dimensions (as- 
suming cavity volumes of 1, 4, and 16 
cu. in. for the three section-thickness 


classes) 
If round, diameter, mils 


land length, mils 
If rectangular, depth, mils 
width, mils 


land length, mils 
1. Annealing 
1) medium 
2) temperature, °F. 
3) time, min. 


F. Shrinkage allowance, mils/in. 
1) in direction of flow 
2) perpendicular to flow 


30 to % thickness 
of part 
Same as above 
Equal to 4 dia. of gate 
Area equal to 
round dimensions 
Same as above 


Glyco wax $932 or 
Teresso 140 oil. 
300 
10-15 


With annealing 
15-20 
Same as above 
or use test cavity 


30 to 120 


Same as above 


Equal to % dia. of gate | 


Area equal to 
round dimensions 
Same as above 


Glyco wax $932 or 
Teresso 140 oil. 
300 
15-30 


With annealing 
20-30 
Same as above 
or use test cavity 


120 to 180 


Same as above 
Equal to 1 dia. of gate 
Area equal to 
round dimensions 
Same as above 


Glyco wax S932 or 
Teresso 140 oil. 
300 
30 


With annealing 
30-40 
Same as above 
or use test cavity 
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section of the plasticating cylin- 
der and the material in the noz- 
zle are allowed to solidify due to a 
temperature drop, while the cen- 
ter and front sections are main- 
tained at well above the melting 
point. This results in the forma- 
tion of a solid plug of plastic at 
either end of the molten material 
under pressure. To prevent this 
from happening, the nozzle should 
be free contact with the 
sprue bushing during the heat- 
ing period prior to molding. The 
nozzle and front end of the cylin- 
should be first and 
maintained at a temperature at 
least 50° F. above the rest of the 
cylinder. As soon as the plastics 
the the re- 
mainder of the cylinder may be 
set to the proper molding tem- 
perature. When the rear tempera- 
ture is sufficiently high to permit 
moving the ram, at least one air 
shot should be taken before lock- 
ing the nozzle against the sprue 
bushing. The rear temperature of 
the cylinder should then be main- 
tained high enough to allow free 
movement of 


from 


der heated 


flows from nozzle, 


material entering 
the rear zone. 

If the melt in the cylinder is 
kept hot too long, it degrades and 
the molded pieces are liable to 
suffer from such defects as dis- 
coloration, brittleness, poor sur- 
face, etc. The top safe tempera- 
ture for 
550° F. 


20-min. exposure is 
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BY ROBERT F. FLAHERTY* 


The molding of nylon 6 is very 
similar to other type nylon mate- 
rials; however, nylon 6 (e.g., 
Plaskon 8200 nylon') has a higher 
melt viscosity and broader melt- 
ing range. 

While it is true these character- 
istics require minor adjustments 
in the molding procedure, they 
permit greater control of the 
molding operation by reducing 
drooling and freezing at nozzle. 
Predrying and handling proce- 
dures prior to molding are much 
the same as for nylon 6/6. 


Molding equipment 

Any commercial injection 
molding machine can be used for 
molding However, the 
heating cylinders should _ be 
equipped with a reverse taper 
nozzle having a minimum length 
of reverse taper of \% inch. In ad- 
dition, the nozzle should be 
heated by one or more heater 
bands with sufficient wattage to 
maintain a temperature of at least 
550° F. 

The temperature of the noz- 
zle should be regulated by a 
separate controller from _ those 
used for the other zones on the 
cylinder. Besides providing con- 
trol over drooling, a reverse taper 
nozzle with a separate tempera- 
ture controller enables the molder 
to obtain better uniformity from 
shot to shot by providing a con- 
stant pressure drop across the 
nozzle. 

Mold Molds for 
nylon are constructed using con- 
ventional Die steels, 
both hard and soft, are commonly 


nylon. 


construction: 
materials. 


* Plastics and Coal 
Chemical Corp., 40 


Chemicals Div Allied 
Rector St., New York 6, 


' Trademark of Allied Chemical Corp 


used. Although chrome-plating of 
the cavities is not necessary, it is 
recommended particularly to pre- 
vent them from rusting while the 
mold is not in use. Cast cavities of 
beryllium-copper alloys are being 
used successfully with nylon 6. 
When electroformed cavities are 
made for nylon, the molder should 
be cautioned to provide for ade- 
quate venting in the constructing 
of the mold. 

Mold design: In discussing mold 
design, recommendations will be 
made concerning the size of the 
sprue bushing, the size of the 
runners and gates, the venting of 
the cavities, and the type of 
knockout system. 

Since the taper used with sprue 
bushings is fairly well standard- 
ized (% in. or % in. per ft.), the 
mold designer has to choose the 
smallest “0” dimension of the 
bushing that will provide a sprue 
diameter slightly larger than the 
runner diameter at the parting 
line. 

A '% in./ft. taper is recom- 
mended for nylon molds and the 
length of the bushings will vary 
depending upon the size of the 
mold and the runner. The cold 
slug well opposite the sprue 
bushing on the movable half of 
the mold should be heavily un- 
dercut to eliminate the possibility 
of having the sprue hang in the 
bushing in the front half of the 
mold. 

Full round runners from %-in. 
to 3g-in. dia. should be used de- 
pending upon their length and the 
cavity design. If the design of the 
mold prohibits using a full round 
runner, a_ trapezoidal 
should be used. 

In Table I, below, will be found 


runner 





TABLE |: Recommended runner sizes 





Maximum length of 
runner from sprue bushing Maximum thickness of 


Runner diameter 


in. in. 


6 
12 
15 


to nearest cavity 


parts to be fed 
in. 


he 
Wy 
% 
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TABLE Il: Injection molding characteristics of nylon 6 


(Recommended molding conditions for various section thicknesses) 





Thickness of section: 


. Temperatures, °F.* 

1) rear cylinder 

2) mid cylinder 

3) forward cylinder 

4) nozzle 

5) mold face or mold coolant 
6) melt leaving nozzle 


. Pressure exerted on material by ram, 


p.s.i. 
1) in standard cylinder 


2) in injection cylinder of preplasti- 


cating machine 


>. Timing 


1) total cycle (including mold-open 


time), sec. 
2) ram forward time, sec. 


Recommended gate dimensions 


suming cavity volumes of 1, 4, and 16 
cu. in. for the three section-thickness 


classes) 
If round, diameter, mils 


land length, mils 
If rectangular, depth, mils 


width, mils 


land length, mils 
=. Annealing 
1) medium 


2) temperature, °F. 
3) time, min. 


". Shrinkage allowance, mils/in. 
1) in direction of flow 
2) perpendicular to flow 


* Cylinder 


less than Ye in. 


480-580 
460-560 
460-560 
430-500 

70-200 
460-500 


12,000-24,000 


(as- 


40 to 42 thickness 
of part 
Maximum 40 
¥y to full thickness 
of part 
Full thickness of part 
(min. 60) 
Maximum 40 





Glyco wax $932 or 
Teresso 140 oil. 
300 
10 


With annealing 
8-15 
Same as above 


lg to V4 in. 


480-580 
460-560 
460-560 
430-500 

70-200 
460-500 


12,000-24,000 


Available on request 


40 to 120 


Maximum 60 
ly thickness 
of part 
ly to 344 thickness 
of part 
Maximum 60 


Glyco wax $932 or 


Teresso 140 oil. 
300 
20 


With annealing 
15-17 
Same as above 


over 4 in. 


480-580 
460-560 
460-560 
430-500 

70-200 
460-500 


12,000-24,000 


40-120 
20-60 


120 to 180 


Max. 2 dia. of gate 
120-180 


180 
Maximum 125 


Glyco wax $932 or 
Teresso 140 oil. 
300 
30 


With annealing 
17-22 


Same as above 


temperature settings should be adjusted according to the rate at which the material must be plasticized 





the various recommended runner 
diameters for different lengths of 
runners and various thicknesses 
of nylon parts. 

Both tunnel gates and conven- 
tional gates are recommended for 
use with nylon. Full round gates 
should be used for all parts hav- 
ing a thickness of over 0.040 in. 
wherever possible. If full round 
gates cannot be used, rectangular 
gates should be machined. In 
general, it is recommended that 
nylon parts should be gated on 
the cross-section which is 
thickest. 

The land or length of the gate 
hould be held to a minimum to 

icilitate the use of small gates 
vhich will not solidify before the 
avity is properly filled. For close- 
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tolerance parts, uniform gate sizes 
are essential. Gate sizes are listed 
in Table II, above. 


Molding conditions 

Molding’ characteristics are 
listed in Table II, above. 

The molding conditions used in 
the production of nylon parts vary 
greatly with the design of the 
part, the mold design, the time 
cycle, and the plasticizing capa- 
city of the injection press. Opti- 
mum molding conditions must be 
chosen by trial and error, but 
much of the work in selecting the 
proper molding conditions can be 
eliminated by following recom- 
mended sampling procedures 
(check manufacturer’s literature). 
Before starting a procedure for 


sampling a mold with nylon, each 
of the variables in the process 
should be considered. 

Temperature of the injection 
cylinder: The temperature set- 
tings on the various zones of the 
injection cylinder depend upon 
the rate at which material must 
be plasticized. If two different 
molds are run in the same press 
and the first requires that the 
heating cylinder plasticize 25 lb. 
hr. while the second requires 15 
lb./hr., the temperature settings 
will not be the same because the 
residence time of each of the 
molds in the heating cylinder will 
be different. 

Injection pressure: For the pro- 
duction of nylon parts, the pres- 
sure exerted by the ram on the 





material should be set between 
12,000 and 24,000 p.s.i. However, 
in the molding of thin sections 
(0.010 to 0.020 in.) it is recom- 
mended that higher pressures be 
used with the rapid rates of in- 
jyection 

Mold temperatures: Generally, 
the mold should be held at a 
temperature of 100° F. in molding 
sections 44 in. or less in thickness. 
However, if a less transparent or 
more stress-relieved article is de- 
sired, the mold _ temperature 
should be set at 180° F. For heavy- 
section moldings, over 14-in. 
thickness, the mold temperature 
should be set at 180° F. Since a 
mold temperature range of from 
130 to 160 
this range of temperature should 
not be used. 

Molding cycles: The time cycle 
used with a particular mold de- 
pends to a large extent upon the 
design of the mold and the thick- 
ness of the article which is being 
molded 


F. gives poor release, 


Mold shrinkage 

In estimating cold-cavity di- 
mensions for close-tolerance ny- 
lon parts, the 


mold designer 


must consider four 


variables 
which affect the dimensions of the 
finished part. These variables are 
as follows: 

1) The shrinkage of the part 
from the cavity dimensions after 
cooling. 

2) The shrinkage of the part 
after it is stress-relieved. 

3) The average moisture con- 
tent at which the part will oper- 
ate, determining the expansion 
that occurs due to the absorbed 
moisture. 

4) The temperature at which 
the part will operate. 

After the mold designer has 
chosen his best estimate of the 


cavity dimensions, a single cavity 


should be machined and run on a 
production cycle using the mold 
base in which the runners for all 
of the cavities have been ma- 
chined. The parts molded in the 
single cavity can then be stress- 
relieved and conditioned at the 
anticipated temperature and hu- 
midity to determine the proper 
cavity size’. 


2 For further information, see ‘“‘Molded shrink- 
age and dimensional stability of nylon 6”’ by 
J. M. Verdi and R. F. Flaherty, SPE Technical 
Papers 14th ANTEC, Vol. IV, 1958, p. 455 


INJECTION MOLDING: Low-density polyethylenes 





BY G. W. JARGSTORFF* 


With the increased use of low- 
density polyethylenes in a larger 
variety of molded objects, exten- 
sive investigations have been in- 
itiated to study the important 
factors involved in their injection 
molding. The results of these 
studies have been primarily a 
rather clear definition of the im- 
portance of each factor in the in- 
jection molding process. Briefly, 
the results confirm field experi- 
ence that the injection tempera- 
ture or stock temperature is of 
primary importance. Two other 
major variables—injection pres- 
sure and mold _ temperature— 
were found to have an effect 
which is of lesser degree. 

Figures 1 to 5, p. 698, show a 
marked effect on select properties 
with the variation of material 
temperature during injection. In 
the tests on which these graphs 
are based, temperatures ranged 
from 350 to 550° F. (as measured 
from molten stock on cycle). 
Mold temperatures were varied 
at each injection temperature 
used, from 70 to 130° F.; injection 
pressures were varied at each of 
the combinations of both of the 
temperatures. 

Since the data shown were as- 
sembled results obtained 
from a single machine and mold, 
absolute values may not be ap- 
plicable to specific conditions in 
the field. However, the trends 
shown are entirely valid and have 
been corroborated for a number 
of different grades of polyethyl- 
ene. They may therefore be ap- 
plied as a guide to the injection 
molding of polyethylene regard- 
less of the machine or the mold 
that is used. 


from 


Injection temperatures given in 
the Figures are the actual tem- 
peratures of the molten material, 
taken by needle pyrometer meas- 
urements on cycle. Experience 
has demonstrated that the actual 
stock temperature, in the major- 
ity of cases, runs well below that 
of the cylinder as read from indi- 
cating instruments. The impor- 
tance of determining actual stock 


* Development Laboratories, Bakelite Co., 
Bound Brook, N. J 

Recent Developments and References were 
prepared by the editors. 


temperature’ in the _ injection 
molding of polyethylene, or any 
other thermoplastic, will become 
apparent later in the discussion. 


How properties change 

Referring to the figures for each 
property, it is found that, as the 
injection temperature increases, 
tensile strength in the direction 
of flow decreases asymptotically 
to a minimum (i.e., approaches 
a minimum value as a limit); 
brittle temperature improves; 
stress-cracking resistance is in- 
creased; gloss and skinning re- 
sistance to surface delamination 
are improved; and shrinkage de- 
creases asymptotically. 

It may seem odd that raising 
the stock temperature should de- 
crease the shrinkage since plas- 
tics expand with rising tempera- 
tures. It would be expected that, 
other factors remaining the same, 
if the melt were injected at higher 
temperature, having further to 
cool, it would shrink more, not 
less. The clue lies in the phrase 
“other remaining the 
same.” As the stock temperature 
is raised by raising the cylinder 
temperatures, a much larger frac- 
tion of the cylinder contents is 
melted. The pressure drop be- 
tween ram and nozzle, consumed 
in forcing the cold granules into 
the constricted heating zone, is 
greatly reduced. Thus the stock 
pressure in the mold increases 
even though the ram pressure has 
not been changed. This increase 
results in higher melt density 
with a corresponding expansion of 
the piece due to decompression 
when it is ejected from the mold. 
Since the percentage increase in 
stock pressure is much greater 
(quite possibly 100% or more) 
than the increase in absolute 
temperature of the stock (roughly 
10% for a rise of 80° F.), the 
pressure effect more than offsets 
the temperature effect, with the 
observed results. 

This interaction of molding 
factors is unavoidable and points 
up the need for measuring not 
only stock temperature but also 
stock pressure and stock injec- 
tion rate. Ram pressure is as little 


factors 
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A new polyethylene formulation (Tenite, 
Eastman Chemical Products, Inc.) for use in 
molding or extruding outdoor products, is 
compounded with a recently developed ultra- 
violet inhibitor. The compound will last two 
to four times longer outdoors than polyeth- 
ylenes that contain no inhibitors. Film ex- 
truded from this formulation has remained 
pliable and smooth under accelerated 
weather testing at least twice as long as film 
of the same thickness without the ultra-violet 
inhibitor. 


Disposable polyethylene syringes (Helix Dis- 
posable Syringe, Carl H. Biggs Co., Inc.) are 
designed for applying bonding agents, potting 
compounds, and the like. Each syringe has a 
tapered tip so that orifice diameters may be 
enlarged by cutting back the tip to obtain the 
proper opening to accommodate the viscosity 
of fluid in use. 


The first complete line of low-pressure-proc- 
essed polyethylene (Fortifler, Celanese) 
housewares (Idealware, Inc.) is tough, un- 
breakable, and can withstand sterilization. 


A new 30-million-lb. plant (Hercules Powder 
Co.) is producing Ziegler-type low-pressure- 
processed polyethylene. The manufacturer is 
cooperating with a German firm (Farbwerke 
Hoechst A.G.) in exchanging technical and 
market information on polyolefin plastics. 


Rigid polyethylene resin (Marlex 50, Phillips 
Chemical Co.) is now available in four melt 
indices. All four types of the improved mate- 
rial retain the original qualities of heat-resis- 
tance, rigidity, and purity. The improvement 
makes possible a sharp reduction in processing 
time and is suitable for the manufacture of 
large molded items. The four types range 


from a melt index of 0.9 to 5.0. The higher the 
melt index, the easier the flow of resin to the 
extremities of the mold without the necessity 
of cooling. 


A new polyethylene resin (Alathon 18, Du- 
Pont) for molding large pieces has a density 
in the range of 0.915 to 0.916 and a melt index 
of 25. 


A new polyolefin resin (Fortiflex A500, Cel- 
anese Corp. of America) has unusually good 
flow characteristics and, therefore, is of ad- 
vantage in molding large parts without using 
excessive molding temperatures. A new rigid 
polyethylene (Fortiflex A-20) provides ex- 
ceptional strength and resistance to stress- 
cracking. 


A new fully automatic plant for making high- 
density polyethylene is now in commercial 
production (Bakelite Co.). At this plant, pro- 
duction based on Ziegler-type catalysts will be 
at the annual rate of 30 million pounds. Com- 
mercial products already turned out with the 
material include soap dispensers, cans, cases, 
monofilaments, and a number of other appli- 
cations. 


A newly developed white mineral oil with a 
Saybolt viscosity range of 500/515 (Ramol 
500, Continental Oil Co.) is inert, odorless, and 
colorless and can be used in polyethylene as a 
dispersant for colorants. 


Low-molecular-weight polyethylene (A-C 
Polyethylene, Semet-Solvay Petrochemical 
Div., Allied Chemical Corporation) can be 
blended with conventional high-molecular- 
weight materials to solve flow problems and 
faulty color dispersions, and to obtain high 
gloss and superior mold release. 





useful as cylinder temperature in 
establishing the state of the stock. 
From the above analysis, it is 
plain that increasing the length 
of a short cycle will have some of 
the effects of raising the cylinder 
temperature. The effects of using 
a preplasticator may also be pre- 
dicted from the same data. 


Strength versus temperature 


It may be stated generally that 
better polyethylene moldings are 
obtained when higher material 


temperatures are employed. Al- 
though tensile strength in the di- 
rection of flow is greater at lower 
injection temperatures, this is an 
anisotropic effect due to orienta- 
tion (i.e., values vary depending 
on the direction of measurement) ; 
strength transverse to the direc- 
tion of flow usually suffers. As 
the injection temperature in- 
creases, the tensile strength of the 
piece may be observed to ap- 
proach that of compression mold- 
ed polyethylene; anisotropy di- 


INJECTION MOLDING: LOW-DENSITY POLYETHYLENES 


minishes and shrinkage values are 
found to be lower in the direction 
of flow. The degree of anisotropy 
induced during molding will also 
vary from application to applica- 
tion, depending on the particular 
mold design, other conditions 
being constant. 

It may thus be stated that the 
properties of injection molded 
polyethylene are strongly de- 
pendent on the fluidity achieved 
in the heating cylinder and on the 
fluidity and resistance of the run- 
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Fig. 1: Variation of tensile 
strength with injection tem- 
perature changes 
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Fig. 2: Variation of 80% 
brittle temperature with in- 
jection temperature changes 


ners, gates, and cavity sections to 
flow during the short but critical 
period required to fill. 


Pressure versus properties 
Pressure also affects the prop- 
erties of the molded piece, but to 
a lesser degree. Most properties, 
such as stress-cracking, skinning, 
and brittle temperature, are af- 
fected only slightly by pressure 
at any injection § temperature. 
Shrinkage is decreased and ten- 
sile strength is materially de- 
creased in the direction of flow 
by increased injection pressure. 
The effect of 
pronounced at 


pressure is more 
lower injection 
temperatures. By increasing pres- 
sure and filling the mold faster, 
a greater average fluidity is main- 
tained in the mold during filling. 
The effect of mold temperature 
on properties is not significant, 
with the exception of gloss, which 
is generally improved by higher 
mold temperatures. The effect of 
mold temperature on cycle is 
small at injection temperatures 
below 450° F., but at higher tem- 
peratures it becomes rather criti- 
cal, having a large direct effect 
on cycle. In addition, since 
changes in cycle length affect 
stock temperature and pressure, 
there are also indirect effects. 
Table I, p. 699, summarizes sug- 
gestions for improving the injec- 
tion molding performance of most 
commercial grades of polyethyl- 


ene resins. Inevitably some com- 
promises will have to be made 
where two properties require dif- 
ferent techniques. In these cases 
the individual application will 
determine the proper procedure 
to be followed. 


Molding techniques 

Obviously, the length of cycle 
is an extremely important eco- 
nomic factor in injection molding. 
The emphasis in every injection 
molding job is on minimizing the 
cycle. As a result, machines in 
the field today are running ma- 
terials on ever-shorter 
Molders are also 


cycles. 
interested in 
getting as large a shot as possible 
out of a given machine. This has 
been responsible for the devel- 
opment of preplasticators and 
higher-wattage heating cylinders. 

These two factors are loading 
present machines to their limit 
and in many cases overloading 
them, with the result that mate- 
rial temperatures are falling far 
below those indicated for the in- 
jection cylinder itself. It is appar- 
ent that as cylinder throughputs 
increase and cycles decrease fur- 
ther, material temperatures will 
continue to drop even though in- 
dicated cylinder temperatures re- 
main the same. 


Product quality 

The quality of the injection 
molded product is highly depend- 
ent on the melt temperature dur- 
ing injection. Therefore it is not 
enough merely to soften material 
to the point where it will fill a 
mold; rather, the material must 
be delivered at the proper tem- 
perature and plasticity for a given 
mold to obtain optimum proper- 
ties. Thus, when reference is 
made to the plasticating capacity 
of an injection machine, it is not 
enough to specify merely the rate 
of throughput; the temperature of 
the material in question being de- 
livered at that rate of throughput 
is another important specification 
which must be made. 

In cases where there is some 
latitude in temperatures available 
on a given machine for the fast- 
est throughput possible, the next 
question is that of the tempera- 
ture to select for a given molding 
application. This, of course, will 
depend on the particular configu- 


ration of the cavity to be filled. 
For pieces containing thin sec- 
tions, higher temperatures will be 
required than for pieces having 
heavy-walled sections. The piece 
molded in the study mentioned 
above consisted of a thin plaque 
with a maximum thickness of 
0.075 in. and a minimum thick- 
ness of 0.033 inch. In this case, in 
order to minimize skinning, stress- 
cracking, shrinkage, and orienta- 
tion, and to get optimum low 
(brittle) temperature properties 
in the finished polyethylene piece, 
it was necessary to mold at mate- 
rial temperatures of 550° F. or 
higher. Since these thicknesses 
are in the range of wall thick- 
nesses commonly encountered in 
the molding of polyethylene in 
the field today, it is strongly rec- 
ommended that molders check 
their material temperatures rather 
than rely on indicated tempera- 
tures. 

In addition to thickness, con- 
sideration should also be given to 
the distance the material must 
travel in a mold through a given 
cross-section. Large pieces hav- 
ing thin sections would obviously 
require higher temperatures than 
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Fig. 3: Variation of stress- 
cracking resistance with in- 
jection temperature changes 
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Fig. 4: Variation of skin- 
ning resistance with injec- 
tion temperature changes 
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Fig. 5: Variation of shrink- 
age with injection tempera- 
ture 
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large pieces with thick sections or 
smaller pieces of the same section. 
In any case, the higher the mate- 
rial temperature, within limits, 
the better the quality of the fin- 
ished piece. 


Softer-flow material 

Because increased plasticity is 
an effect of increasing the tem- 
perature, it is also possible to 
empioy polyethylene materials 
with softer-flow properties at 
temperatures. However, 
this effect can be achieved only 


lower 


within certain limits since flow is 
a function of molecular weight, 
and softer flow is likely to be ob- 
tained at some sacrifice of physi- 
cal properties. It is therefore 
obvious that the use conditions 
of the end product will to a de- 
gree determine and often limit the 
softness of flow. 

Throughout this discussion, it 
has been recommended _ that 
higher molding temperatures be 
used. This implies longer cycles, 
since the injected melt will have 
to cool longer. The molder must 
naturally weigh the factors of 
quality required and allowable 
rejects against the speed of oper- 
ation in judging the economics of 
the particular job. 

In many applications in which 
quality is not critical and no 
trouble is encountered in fabrica- 
tion, lower injection temperatures 
are acceptable to obtain shorter 
cycles, where cycle time is lim- 
ited by setting time. However, 
investigations of minimum cycle 
have shown that mold tempera- 
ture, although having little effect 
on cycle at low injection tempera- 
tures, is an important factor at 
high injection temperatures. 

Indications are that it may be 
possible to control cycle by con- 
trolling mold temperature. That 
is, even though high injection 
temperatures are used, running a 
sufficiently cold mold may keep 
the cycle almost to the level 
achieved with lower stock tem- 
peratures. Of course, this partly 
offsets the effects hoped for in 
using high injection temperatures. 
Since the cycle would be critical 
with mold temperatures in this 
ange, more efficient cooling and 
ontrol in the mold would prob- 
ibly be required, with considera- 
tion given to better coring and to 





TABLE |: Suggestions for injection molding polyethylene 





Property desired 





Technique used 


Fast molding cycle Min. stock temperature; min. mold temperature 


High gloss 


Improved fill out 
Low shrinkage 


Low warpage 


Max. stock temperature; 
stricted gating 

Max. stock temperature; max. injection pressure 

Max. stock temperature; max. injection pressure; min. 
mold temperature 

Max. stock temperature; 


max. mold temperature; re- 


min. injection pressure; bal- 


anced mold temperature 


Low brittle point 

Good skinning re- 
sistance 

High strength or 
stiffness in di- 
rection of flow 

Good stress-crack- 
ing resistance 


Max. stock temperature; max. mold temperature 


Max. stock temperature; min. mold temperature 


Min. stock temperature; min. mold temperature 


Max. stock temperature 


NOTE: Where ‘‘max. stock temperature’ is recommended, reference is made to temperatures in 


the range of 550 to 600 
are those consistent with the quality desired 
by considerations of cycle as well as quality 


In every case, however, maximum or minimum stock temperatures 
The choice of mold temperatures must be qualified 





refrigerated coolants. Low mold 
temperature, although affecting 
cycle considerably, seems to have 
an insignificant effect on most 
properties of molded polyethyl- 
ene, but decreases shrinkage. 

Since the properties of injection 
molded polyethylene products are 
to a great extent dependent on 
the temperature of the material 
being injected, and since experi- 
ence has shown that material 
temperatures often run well be- 
low indicated cylinder tempera- 
tures, the molder should check 
the actual material temperature 
while on cycle (by some means 
such as a needle pyrometer) to 
determine if the melt is at the 
proper temperature for optimum 
properties. 

This is especially important as 
the ratio of shot weight-to-rated 
capacity increases and as cycle 
times decrease. In addition, for 
every molding job there exists a 
minimum temperature (consis- 
tent with good performance), de- 
pending on cycle, shot size, and 
configuration, below which poor 
properties may be expected. Gen- 
erally, it is best to run as hot as 
is practical since the optimum 
minimum temperature is difficult 
to determine accurately. Running 
at high temperatures may require 
an increase in cycle, but these in- 
creases can be kept to a minimum 
by proper mold design and the 
use of more efficient coolants. 

For information on molding 
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medium- and high-density poly- 
ethylenes, see the articles imme- 
diately following. 
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BY K. A. KAUFMANN 


Commercially available medium- 
polyethylenes, which 
complement the low- and high- 
density 


density 
resins, were introduced 
three years ago. The interme- 
diate-density resins are manufac- 
tured by a modification of the 
high-pressure 


process used for 


low-density polyethylenes, and 
comprise that part of the polyeth- 
ylene density spectrum from 0.926 
to 0.940 as determined on the base 
polymer, unfilled or unmodified. 

Parts molded from these inter- 
mediate-density materials display 
increased 


stiffness, gloss, and 


* Mgr., Plastics Tech. Serv., Spencer Chemical 
Co., Dwight Bldg., Kansas City 5, Mo. 


** Sr. staff member, Plastics Sales Serv. Lab., 
Spencer Chemical Co, 


and C. S. IMIG** 


temperature resistance over low- 
density resins, while retaining 
their desirable toughness, Within 
this density range, there is a 
transition from the easy-flowing, 
high-melt-index resins in the 
low-density class to the stiffer- 
flowing, lower-melt-index resins 
in the high-density class. This 
melt index transition is necessary 
since certain properties, such as 
brittleness, become worse as 
either the melt index (i.e., ease 
of flow) or density increases. As 
density is increased, then, the 


material manufacturer must take 

care to avoid excessive brittleness 

by limiting the melt index. 
Like the rest of the polyethyl- 


ene family, intermediate-density 
polyethylenes require no predry- 
ing or other special handling. The 
only premolding operation re- 
quired is about 10 to 20 min. 
tumbling with pigment when dry- 
coloring. Liquid additives are 
often used in small quantity to 
minimize dusting of the pigment. 
The amount of liquid and the 
tumbling time must be watched 
to avoid agglomeration of the 
pigment, resulting in poor color 
dispersion. 


Mold design 
Proper mold design for inter- 


mediate-density polyethylenes 
follow the same line as used for 





TABLE |: Injection molding characteristics of medium-density polyethylene 


(Recommended molding conditions for various section thicknesses) 





Thickness of section: less than Ye in. 14 to 14 in. over ¥%4 in. 
A. Temperatures, °F. 

1) rear cylinder 300-500 
475-650 
500-650 
400-550 
40-200 
450-600 


300-400 
400-500 
450-550 
350-500 

60-200 
400-500 


275-350 
300-400 
350-450 
350-450 
100-200 
300-450 


2) mid cylinder 

3) forward cylinder 

4) nozzle 

5) mold face or mold coolant 
6) melt leaving nozzle 


. Pressure exerted on material by ram, 
p.s.i. 
1) in standard cylinder 


5,000-30,000 
5,000-30,000 


5,000-30,000 
5,000-30,000 


5,000-30,000 
5,000-30,000 


2) in injection cylinder of prelasti- 
cating machine 


>. Timing 
1) total cycle (including mold-open 
time), sec. 
2) ram forward time, sec. 


. Recommended gate dimensions (as- 
suming cavity volumes of 1, 4, and 16 
cu. in. for the three section-thickness 
classes) 

If round, diameter, mils 
land length, mils 


100-250 
50-100 
100-250 
100-250 
50-100 


If rectangular, depth, mils 
width, mils 
land length, mils 


Annealing 
1) medium water water water 
2) temperature, °F. 212 212 212 
3) time, min. 15-30 15-30 15-30 
". Shrinkage allowance, mils Without annealing 
18-40 
15-40 


Without annealing 
18-60 
15-60 


Without annealing 
18-50 
15-50 


1) in direction of flow 
2) perpendicular to flow 
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ther polyethylenes. Runners, of 
ourse, should be generous so 
that fully plasticized material is 
supplied to the cavities. Gates 
may vary in size from 0.025 to 
0.250 in., depending on the part 
being molded. In general, gates 
should be kept small, consistent 
with molding void- or sink-free 
parts, avoiding jetting, and avoid- 
ing the need for excessive tem- 
peratures. The gate land lengths 
should likewise be kept short. 
The use of pin-point gates greatly 
improves color dispersion when 
dry-coloring. Particular attention 
must be paid to ejection of the 
part, just as with low-density 
polyethylenes, because of the in- 
herent flexibility of the materials. 
Ejector pins should be large and 
draft angles generous. Generous 
undercuts may be used to provide 
for positive placement of the part 
on either the front or back half 
of the mold, prior to final ejection, 
as may be desired. Highly pol- 
ished mold surfaces make ejection 
more difficult, particularly from 
cores, although they do improve 
finish. Liquid honing, 
where appearance permits, is use- 
ful in assisting ejection, as is the 
use of air blasts. Large water 
lines (4% in. where possible) 
should be employed, while taking 
care to design maximum, efficient 
cooling into the mold. There has 
never been a mold built with too 
much cooling. Particular attention 


surface 
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should be paid to providing posi- 
tive clamping of the mold when 
molding large-area sections. 

Equipment: No special equip- 
ment is required for molding in- 
termediate-density polyethylenes. 
These materials have performed 
satisfactorily on all types of in- 
jection presses. Since it is more 
difficult to obtain good color dis- 
persion with these intermediate- 
density resins than with the low- 
density materials, it is often 
desirable to employ dispersion 
nozzles. It might be noted that the 
use of pin-point gating has proven 
more effective in providing good 
color dispersion than dispersion 
nozzles. Of course, it is not always 
possible to employ pin-point gat- 
ing. 


Molding characteristics 

The molding characteristics 
(see Table I, p. 700) depend on 
the part being molded, the press, 
and the particular material used. 
The ease of flow of the material 
follows the melt index of the 
resin fairly closely and can be 
quite accurately judged from this 
value. In general, in large or in- 
tricate moldings, where ease of 
flow is the prime consideration, 
higher-melt-index resins are 
preferred because of their faster 
cycles, lower operating tempera- 
tures, and better gloss. However, 
where optimum physical proper- 
ties are important, the stiffer- 


flowing, low-melt-index materials 
should be chosen. When these 
low-melt-index materials are re- 
quired, the molder must often use 
temperature settings in the range 
of 600 to 650° F. When this is 
done, care must be exercised to 
keep material moving through the 
cylinder to avoid degradation. If 
this is not done, discolored or 
brittle parts may result because 
of the promotion of carbonization 
on the spreader and cylinder 
walls. 

The good molding practice of 
purging the heating cylinder is 
too often neglected in shops mold- 
ing polyethylene. In order to 
avoid the excessive deposition of 
carbonized material on _ the 
spreader and cylinder wall, reg- 
ular purging of the press is 
recommended. This does not com- 
pletely eliminate the carboniza- 
tion, but does control the amount 
of deposits, so that black specks 
in the parts may be held under 
control. A press should at least 
be purged every time it is started 
up, shut down, or allowed to 
stand idle any length of time. In 
starting up, as soon as the press 
is hot enough to allow material 
to start flowing through it (about 
300° F.) the press should be 
purged until operating tempera- 
tures are reached. When shutting 
down, the press should be purged 
until the temperatures have 
reached 300 to 400° F. 





BY ALBERT SPAAK* and CLIFFORD WEIR** 


High-density polyethylene can 
be successfully fabricated on con- 
ventional injection molding ma- 
chines. But, as is true with all 
plastics, the best physical prop- 
erties, surface finish and dimen- 
sional stability can be obtained 
in molded parts only through 
close adherence to fundamental 
plastics engineering principles. 
High-density polyethylene has 
distinctive characteristics, among 
them a sharp melting point and a 
high viscosity over a wide tem- 
perature range. Bearing in mind 
the properties peculiar to the 
naterial, the molder should mod- 
\pplied arts supervisor, W. R. Grace & Co., 


ymer Chemicals Div., 225 Allwood Rd., 
n 


fto 
Technical service engineer, W. R. Grace 
Co., Polymer Chemicals Division. 


ify his techniques accordingly, 
to achieve satisfactory moldings. 
Design of mold and selection of 
molding machine must be made 
with the end in view of achieving 
the maximum possible polymer 
flow, and in addition, obtaining the 
very highest rates of production 
consistent with quality molding. 

Important considerations in 
molding high-density polyethyl- 
ene are its high thermal con- 
ductivity (about three times that 
of normal polystyrene) and high 
specific heat (higher than that of 
normal polystyrene). As a con- 
sequence, when this highly crys- 
talline material (80 to 90° versus 
50 to 60% for low-density poly- 
ethylene) enters the injection 
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mold, it freezes very rapidly on 
the surface. 

Molding temperatures: The 
recommended molding range for 
high-density polyethylene is 350 
to 550° F., but some jobs have 
been run at material tempera- 
tures as low as 275° F., and others 
have been successfully molded 
at temperatures as high as 650° F. 
Higher molding temperatures will 
result in good flow and finish 
characteristics; however, under 
these conditions, the resin should 
not remain in the heating cylinder 
for too long a period or the 
polymer will degrade with re- 
sultant deterioration of physical 
properties and formation of black 
specks of carbon. As a general 
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Fig. 1: Mold shrinkage in high-density 


to 0.040 in./inch. (See text, p. 703) 


should be 
molded at a material temperature 


rule, the material 
as low as possible so that no more 
heat than is necessary is intro- 
duced into the polymer, and the 
most economical molding cycle is 
obtained. 

A cold mold gives minimum 
shrinkage and warpage. To 
stable 
moldings with high-density poly- 


produce dimensionally 
ethylene, a controlled mold tem- 
perature in the 100 to 150° F. 
range is generally used. However, 
if the finish is not a prime con- 
sideration, colder molds can be 
employed to improve warpage and 
shrinkage control and to increase 
mold cycles. In some cases, high 
mold temperatures are necessary 
to give the required finish and 
polymer flow to fill the molded 
item. 

Injection pressures and tech- 
niques: High injection pressures, 
to the point of almost flashing 
the mold, are also helpful in 
molding more uniform pieces with 
a minimum of shrinkage. In many 
cases, it is necessary to use maxi- 
mum injection pressure to fill the 
mold rapidly—generally just be- 
low the flash point of the molding. 

Because of the rapid rate of 
crystallization of this resin, it is 
generally desirable to fill a cavity 
as fast as possible, especially in 
the case of thin-section moldings. 
To accomplish this, the injection 
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polyethylene is about 0.020 


machine must have a very fast 
ram speed. Operation of the ram 
at highest forward speed gives 
fastest filling. 

Ram-forward time is a vari- 
able depending largely upon the 
item to be molded. In the case 
of a thin, flat section (where 
warp is a problem) it is important 
that the injection piston be re- 
turned immediately after forward 
motion has ceased. Conversely, in 
the molding of heavier sections, 
ram-forward time should be 
lengthened so that follow-up 
pressure is maintained on the 
material during the dwell period, 
thus avoiding sink marks and 
voids in the part. 

A breaker plate has been de- 
signed [see “Molding dry-colored 
polyethylene,” by C. L. Weir, 
Mopvern Ptuastics 35, 97 (July 
1958) ] that greatly improves the 
dry coloring of thermoplastic 
resins when used for injection 
molding. 

The dry coloring of plastics 
resin has often resulted in unsat- 
isfactory dispersion of color in the 
molded product, and this has been 
particularly true in the case of 
linear polyethylenes. However, 
with the development of the new 
breaker plate, dry-coloring dis- 
persion now approaches com- 
pounded color. Best results have 
been obtained, to date, by tum- 
bling resin and pigments without 


wetting agents or lubricants. 
Micro-pulverized pigments are 
suggested. 


Product design 


For quality moldings, general 
rules of part design must be fol- 
lowed. Large variations in section 
thickness should be avoided to 
eliminate excessive warpage and 
stress concentration. Large, flat 
areas should have reinforcing ribs 
to provide additional strength. 
Ribs also serve as additional run- 
ners within the molded piece, 
thereby assisting in rapid and 
uniform filling of the cavity. 

All designs should provide the 
maximum amount of draft within 
the limits of function and appear- 
ance. Undercut moldings can be 
designed if plastics engineering 
principles are followed. Sharp in- 
side corners should be avoided. 
Inserts, if properly engineered, 
can be incorporated in moldings. 


Mold design 

Mold design is highly important 
in achieving efficient machine op- 
Internal restriction to 
flow and sharp changes of direc- 
tion of flow within the mold 
should be held to a minimum. 
Proper gating is a major factor in 
producing quality products. 

All multi-cavity molds should 
be designed with the shortest pos- 
sible runners and have gates bal- 
anced for uniform fill of each cav- 
ity. Primary runners should be 
extended beyond the furthest sec- 
ondary runner to act as cold-slug 
wells ahead of the cavities. It is 
preferable to use a balanced run- 
ner system with cavities in the 
following combination: 2,4,8,16, 
32, 64, etc. Hot-runner pinpoint- 
gated, and valve-gated mold de- 
signs are particularly successful 
with high-density polyethylene— 
they improve quality because cy- 
cle conditions are more uniform. 

Large, short sprue bushings 
should be used whenever possible, 
and runners should be %4 to % in 
in diameter, preferably round, to 
insure a good flow of hot material 
directly into the cavity. Slightly 
roughened runners offer less re- 
sistance because the material 
rides on the high spots, makes 
poorer contact with the runner 
walls, and loses heat less rapidly. 

A cold-slug well at the sprue 


eration. 
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nd should be provided wherever 
yossible. It should be sufficiently 
jeep to accommodate large nozzle 
slugs. Sprue-gated or center- 
gated parts that cannot take a 
cold-slug well often show blemish 
spots around the product opposite 
the sprue. In such cases, it is very 
helpful to use a reverse-taper- 
type nozzzle and to keep the noz- 
zle at maximum heat of operation 
to avoid freezing of the polymer 
at the nozzle end between shots. 

Multi-gating a large part is 
often desirable to obtain rapid fill 
at lower temperatures and pres- 
sures. All gates on a multi-gated 
part should be balanced to obtain 
uniform fill, with the final weld 
taking place at the far end of the 
part. 

A multi-gated part should be so 
gated that the material will reach 
a complete shot at about the same 
time on all parts of the cavity to 
be filled. The part should be so 
designed or gated that the plastic 
flow will allow the air to escape 
from the mold and not cause 
defects such as burning, pockets, 
and weld lines. 

For good temnerature control 
on both halves of the mold, there 
must be enough water channels to 
provide good surface heat trans- 
fer. Wherever possible, water 
channels should be arranged so 
that the coldest enters in the area 
nearest where the melt enters. 
Concentration of cooling water at 
this point rapidly dissipates the 
heat from the hottest section, re- 
duces the danger of warpage and 
lamination, and allows faster cy- 
cles. Mold 


units, 


temperature control 
which are important in 
maintaining uniformity of opera- 
tions, should be used. 

The ease with which a part can 
be ejected is related to the draft 
of the side walls of the mold cav- 
ity. Hence, design should provide 
a draft of at least one-half degree, 
but preferably one full degree. 
However, where air ejection is 
employed, it is generally possible 
for the molder to get by with less 
draft. 

A stripper plate, often in con- 
junction with an air system, is the 
preferred method of removing 
polyethylene parts from mold 
cavities. A knockout-pin system, 
if the pins are sufficiently large, 
will also work. Should part ejec- 


tion be a problem, one way of im- 
proving release characteristics is 
to vapor-hone or sand-blast the 
mold. This has the added advan- 
tage of imparting a pleasing matte 
finish to the piece. 

Since the melt cools and be- 
comes more viscous as it flows 
away from the gate, it helps in 
filling if the section thickness in- 
creases with distance from the 
gate. Many types of gating de- 
signs have been used in injection 
molding; but in all cases, the 
molding machine, material, run- 
ner system, and cycle time have 
a marked effect on the type of 
gate design used. 


It is evident that more pressure 
is required to fill a cavity where 
the gate size is reduced, but not 
as large a difference as might be 
supposed. Where ample pumping 


power is available, fast injection 
through a small gate rapidly re- 
heats the polymer just before en- 
tering the cavity to improve the 
finish and flow. (Small gates also 
make it easier to degate the 
molded parts.) High pressure is 
converted into heat, theoretically 
making it possible for the average 
plastics temperature to increase 
as the hot plastics flows into a 
relative cold mold during the in- 
jection molding process. 


Heating cylinders 

It is necessary to have well- 
designed chambers 
with a large plasticating capacity 


plasticating 


and a low pressure drop in order 
successfully to mold linear poly- 
ethylene items at an economical 
cycle. In heating-cylinder design, 
it is important that the material 
be homogenized to a uniform 
temperature at the point of injec- 
tion into the mold, to avoid caus- 
ing any undue strains in the 
molded part. 

When high-density 
polyethylene, preplasticators serve 
very well the function of extend- 
ing the heating-cylinder capa- 
city and often allow the produc- 
tion of excellent parts on presses 
which would 


molding 


normally be too 
small. It also permits the use of 
lower cylinder temperatures and 
faster cycles. 

Due to the rapid rates of in- 
jection and uniform stock temper- 
atures obtained, the preplasticat- 


ing chambers incorporated on 
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Sirup dispenser, molded of 
high-density polyethylene, 
is boilproof, light in weight, 
and virtually unbreakable. 
(Photo, Hercules) 


many injection machines have a 
remarkable effect upon the flow 
properties of high-density poly- 
ethylene and on the rate of pro- 
duction as compared to a straight 
injection heating cylinder. It has 
been shown that the cubic dis- 
placement of plasticized material 
is doubled by using the preplasti- 
cating approach. 


Mold shrinkage 

Mold shrinkage in high-density 
polyethylene is about the same as 
that of conventional polyethylene 

0.020 to 0.040 in. inch. Where 
shrinkage occurs, it is usually 
higher in the directions of flow 
than it is in the transverse direc- 
tions. 

Minimum shrinkage occurs at 
low cylinder temperatures, low 
mold temperatures, long cycle 
times, and high pressure. Greatest 
shrinkage occurs at high cylinder 
temperatures, high mold temper- 
atures, short cycle times, and low 
pressures. (See Fig. 1, p. 702.) 

Ram pressure acts completely 
independent of all other condi- 
tions, and as it is steadily in- 
creased over the molding range, 
there 
shrinkage. 


is a steady decrease .in 
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BY R. A. STOLTENBERG* 


Polypropylene exhibits a rather 
sharp decrease in melt viscosity 
in the temperature range of 450 to 
500° F 
than polyethylene, so that ram 


It is more shear-sensitive 


speed and injection pressure be- 
come greater factors than tem- 
perature in controlling flow 

Since polypropylene does not 
absorb moisture, predrying is not 
needed. However, very cold pel- 
lets can cause condensation of 
moisture. It is advisable, there- 
fore, to bring the material at least 
to room temperature before 
charging the hopper of the mold- 
ing machine. No special handling 
techniques other than those nec- 
essary to preserve the cleanliness 
of the material are required. 


Mold design 

Basic mold design principles 
for all other thermoplastics are 
equally important to good molding 
Sound 


construction is needed to allow 


of polypropylene mold 
use of high molding pressures 
and high-speed fill of cavities 
without flash or distortion 
Balance of the cavity layout to 
provide equal runner length to 
each gate and equal cavities pe1 
Full-round 


runners are preferred, with sub- 


runner is. essential 


stantial over-run at each turn 
and reduced size at each branch. 
The runner surface should not 
be polished; a rough surface will 
prevent the cold skin of material 
from sliding into the gate and 
cavity. Oversize runners of 14 to 
‘4, in. dia. help prevent prob- 
lems of filling most cavities. 
Gate size should be the mini- 
mum needed to allow filling of 
the cavity. Round gates are rec- 
ommended where applicable, and 
should impinge material against 
a mold surface to build up a 
smooth flow of plastic through 
Gate land length 
should be no more than 0.040 in 
to prevent undue pressure drop 


the cavity. 


Use of such restricted gates will 
contribute to smooth flow of ma- 
terial with better surface, fewer 
venting of the 
cavity, and less finishing of the 


strains, easier 


* Parlin Technical Service Grou Hercu 
Powder Co., Inc., Parlin, N. J 
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part. Rapid “freeze-off” at the 
gate reduces trouble with packing 
marks. 

Modified restricted gates, such 
as flash gates or diaphragm gates, 
may be used where they can 
create desired flow. 

Large gates are necessary for 
heavy-section parts or long-flow 
cavities where long pressure ap- 
plication is needed. The use of 
jump gates to turn material 
against a cavity wall and prevent 
“jetting” or “worming” is advan- 
tageous. Tab gates, in which a 
restricted gate feeds into the small 
end of a tapered tab on a heavy 
part, will often provide the bene- 
fits of restricted gating. 

The use of center-gating to 
provide uniform and symmetrical 
fill of a cavity will often prevent 
Multiple- 


gating of large parts may be nec- 


warpage _ problems. 
essary to reduce flow distance 
and provide proper flow pattern. 
A means of avoiding the prob- 
lems of multiple gates is the use 
of radial feeder ribs or enlarged 
wall sections leading from a cen- 
ter gate to cavity extremities. 
Gate location requires deter- 
mination of a flow pattern in the 
cavity which will minimize turbu- 
lence, sink weld lines, 
and air traps. It is best to gate 
at anticipated trouble spots. 
Stripper plate ejection usually 
minimizes distortion of the part 
through uniform pressure on the 
part. Ejector pins should be as 
large as possible and should work 
against sections of the part pro- 
viding the support. Air 


marks, 


most 


ejection is good on deep-draw 


parts. It is necessary to provide 
a taper of 1 to 2° on long cores. 
When deep-draw parts are me- 
chanically ejected, a vacuum- 
breaker valve prevents distortion. 

Provision of sufficient channels 
in the mold for circulation of 
temperature-control fluid is ex- 
tremely important for proper 
molding of polypropylene. It is 
advisable to concentrate the cool- 
ing in the gate areas, to aid in 
setting up the last material en- 
tering the cavity. In the case of 
large, long-flow parts, the use of 
sectional channeling to allow 


higher temperatures at extremi- 
ties of the mold will be helpful. 
Standard equip- 
ment can be used for satisfactory 
molding of polypropylene. Also, 
the use of additional equipment 
dryer and 
weigh feeder will aid in producing 
high-quality moldings. Mold tem- 
perature control is a: necessity. 


Equipment: 


such as a_ hopper 


For heavy-section parts, this con- 
trol must be capable of maintain- 
ing temperatures above 212°F 


Molding characteristics 


See Table I, p. 705. 

The high crystalline melting 
point of polypropylene makes 
necessary the use of relatively 
high molding temperatures. Due 
to an apparent sharp decrease in 
melt viscosity between 450 and 
500° F., all 


done in this stock temperature 


molding should be 


range unless flashing or turbulent 
flov’ results. Cylinder tempera- 
ture must be varied with the ratio 
of shot size-to-machine capacity 
and cycle time, to maintain proper 
melt temperature. 

Injection pressure and ram 
speed are particularly important 
controlling flow of 
polypropylene in the mold. This 
material seems to be more sensi- 


factors in 


tive to these factors than other 
polymers. Pressure should be 
maintained at the minimum re- 
quired to give full, sink-free 
parts. The rate of filling the cav- 
ity will control the surface where 
turbulence may be a problem. 
Mold 
somewhat lower than those re- 
quired by other polymers. Good 
surface can usually be achieved 
in a cool mold (60 to 100° F.) if 
the melt 
ciently 


temperatures can be 


temperature is  suffi- 
high. Increased mold 
temperature will aid flow and 
surface problems but will increase 
shrinkage. Ram-forward or pres- 
sure time must be sufficient to 
prevent sinks but should be 
maintained at a minimum to pre- 
vent overpacking the cavity in 
the gate area. Ram-forward time 
will generally be short due to the 
high melting point of the polymer. 

Polypropylene has mold shrink- 
age in the range of 1 to 2.5 per- 
cent. Shrinkage will 
with lower mold temperature, 
higher injection pressure, lower 
cylinder temperature, and longer 


decrease 
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am-forward time. The shrinkage 
ariation with wall thickness is 


ess 
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than that of most other 


solymers when molding is done 


inder 


most ideal conditions. A 


nold strip 0.060 by 0.5 by 5.0 in. 
howed lengthwise shrinkage of 


I 


conditions. 


ol 


by 


1.7% for varied molding 
For the same range 
conditions, a bar 0.250 by 0.5 


5.0 in. lengthwise 


to 


showed 


shrinkage of 1 to 2.1 percent. 


Polypropylene also shows only 


a very slight difference between 
the shrinkage in the flow direc- 
tion and across it. This difference 


occurs only 
tions 
the 

esult, 


at molding condi- 

allow than 
As 
problems 


which more 


minimum shrinkage. a 


warpage on 


molding polypropylene are great- 


ly 


reduced, in comparison to lin- 


ear polyethylene. 


After-shrinkage 


of polypro- 


pylene upon exposure to boiling 


water or sterilizing conditions of 


250 


at 


F. for 15 min. is nil. Exposure 


300° F. for 30 min. resulted in 


shrinkage of only 1 percent. 


BY L. W. MEYER* 


Successful molding of polysty- 
rene depends on good mold design 
and construction. 

Materials of construction: Low- 
carbon steels, with small concen- 
trations of alloying elements, are 
the principal materials for hobbed 
molds. These steels case- 
hardened by carburizing, which 
gives them relatively soft in- 
teriors. Increasing amounts of al- 
loying elements give deeper hard- 
ening but reduce hobbability. 

The decision to hob a mold is 
generally made when the mold 
requires intricate cavity design. 
Such design is easier to machine 


are 


in a male hob than in a female 
cavity block. Hobbing is also very 
for multiple-cavity 
molds, and for molds designed 
with halves that 


satisfactory 


identical 
must match. 

With 
"tow 


two 


high-carbon, alloy steels, 


w Chemical Co., Midland, Mich. 


it is not necessary to carburize 
to obtain hardness. The alloying 
elements modify the hardenability 
and permit deeper hardening of 
the metal mold parts with oil or 
quenching. For large-area 
molds, deeper hardening is nec- 


air 


essary to minimize permanent de- 
formation of the cavity. 
Unfortunately, larger billets 
usually cannot be forged to uni- 
form stress throughout, and ma- 
chining destroys the equilibrium 
of To 
these effects it is common practice 
to machine the billet to within 
about ! 


these stresses. minimize 


of the finished di- 
mension and then stress-relieve 


s In. 
before final machining. The an- 
nealing furnace should fluctuate 
50 100° F. the 
relieving temperature 


to in stress- 
range to 
provide mechanical stress due to 
thermal expansion and contrac- 
tion. By 


mechanical working, 





TABLE |: Injection molding characteristics of polypropylene 


(Recommended molding conditions for various section thicknesses ) 





A 


Maxir 


Thickness of section 


Temperatures, °F. 
1) rear cylinder 

2) mid cylinder 

3) forward cylinder 
4) nozzle 

5) mold face or mold coolant 
6) melt leaving nozzle 


Pressure exerted on material by ram, 


Pp $.1. 

1) in standard cylinder 

2) in injection cylinder of preplasti- 
cating machine 


Timing 
1) total cycle 
time), 


(including mold-open 
sec. 
2) 


ram forward time, sec. 


Recommended gate dimensions 
suming cavity volumes of 1, 4, and 16 
cu. in. for the three section-thickness 
classes) 
If round, diameter, mils 

land length, mils 
If rectangular, depth, mils 

width, mils 

land length, mils 


Shrinkage allowance, mils /in. 
1) in direction of flow 
2) perpendicular to flow 


rat lir 
gate di 


ensions limited by part dimensi 


j 
less than ¥ in. 


475-600 
475-600 
425-550 
400-500 

60-180 
450-525 


10,000-30,000 


8,000-30,000 


(as- | 


| 

20-250 
40 max. 
10 min. 


40 max. 


without annealing 
10-25 
10-20 

ons and sprue 


and runner capacity 


1g to 14 in, 


450-5 
400-475 
400-500 

60-220 
450-525 


8,000-30,000 


6,000-30,000 


30-90 
5-30 


40-375 
40 max. 
30 min. 


40 max. 


without annealing 
10-25 
10-20 


over 14 in. 


450-525 
25 450-525 
400-475 
400-500 
100-220 


450-525 


8,000-30,000 


6,000-30,000 


60-120 
10-40 


Maximum limited by 
runner size 


60 max. 


without annealing 
12-30 


12-25 
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stresses are relieved more thor- 
oughly than would be at 
constant temperatures 
To offset the risk of 
during hardening, 


they 


warpage 
prehardened 
steel is often employed. However, 
it is neither soft enough to ma- 
chine easily nor hard enough to 
be polished to a high luster 
Hardness is 


indirect 
measure of yield strength. There- 


fore, harder molds are less likely 


also an 


to become permanently set due to 
deflection Prehard- 
ened steel usually has sufficient 
yield strength for most mold re- 
quirements, 


under load. 


but it is not hard 


enough to resist concentrated 
stresses which result in abrasion 
or pitting 
Hardness is not, however, a 
Both dead- 
soft hobbing steel and the hard- 
est hob metal have a modulus of 


stiffness of 30,000,000 Each 


measure of stiffness 


p.s.i. 


will deform by an equal amount 
with a given load, below the yield 
point. Beryllium copper, on the 
other hand, has a stiffness modu- 
lus of 20,000,000 p.s.i. and thus 
will and one-half 
times as much as steel for a given 
stress. It should therefore not be 
used except for short-run, non- 
critical items. Beryllium copper 
does, however, have much better 
cooling characteristics than steel 
and is often used to transfer heat 


deform one 


in small-diameter steel core pins. 


Mold and part design 

Product design: Proper product 
design better control 
of the within the 
mold, resulting in improved mold- 
ing operations 


means 
plastic flow 
defec- 
tive parts. Section-thickness var- 


and less 
iations determine the manner in 
which the plastic fills the cavity. 
Large variations in section thick- 


ness may result in air or gas traps, 
nonuniform surface finish, sinks, 
weak weld lines, and other prob- 
lems—if the plastic flow is not 
controlled in such a manner as to 
allow the mold to be filled uni- 
formly. For these reasons, section 
thickness should 
than 

Bosses and ribs, while necessary 


not vary more 


20 percent. 


in many designs, often upset the 
balancec. flow pattern. Thermal 
stresses may be caused by un- 
equil rate due to the 
varying section thickness and sink 
marks oy posite them are likely to 
occur. To minimize problems of 
this type as much as possible, it 
is desirable to keep the width of 
these than the 
section thickness of the part to 
which they are attached. Depth 
should twice the 
width. Exceptions, of course, are 
often 


cooling 


sections smaller 


not exceed 


necessary. Sharp corners 





TABLE |: Injection molding characteristics of polystyrene’ 


(Rec 


mmended molding conditions for various section thicknesses ) 





Thickness of section 


Temperatures, °F 

1) rear cylinder 

2) mid cylinder 

3) torward cylinder 

4) nozzle 

5) mold face or mold coolant 


6) melt leaving nozzle 
Pressure exerted on 
p S.i 


1) in standard cylinder 


2) in injection cylinder of preplasticator 


T ming 


1) total cycle (including 


time), sec 


2) ram forward time, sec 


Recommended gate dimensions 

suming cavity volumes of 1 

cu. in. for the 

classes) 

If round, diameter, mils 
land length, mils 

If rectangular, depth mils 


width, mils 


land length, mils 


Annealing 

1) medium 

2) temperature, °F. 

3) time, min. 

Shrinkage allowance, mils /in. 
1) in direction of flow 

2) perpendicular to flow 


ose Styron f 


material by 


less than \@ in. 1 


350-550 
375-575 
400-600 
375-575 

90-150 
350-500 


ram 


10,000-20,000 
10,000-20,000 


mold-open 


(as- 
. 4, and 16 


three section-thickness 


30-250 
30 min. 
25-50 
Dia. of runner 
less }44 in. ] 
30 min. 


air or water 
160-170 
10-50 
without annealing 
2-8 
2-8 


10,000-20,000 
10,000-20,000 


Dia. of runner 


air or water 


without annealing 


g to 4 in. over 4 in. 


325-500 
350-525 
375-550 
350-525 

90-150 
325-450 


300-475 
325-500 
350-525 
325-500 

90-150 
300-415 


10,000-20,000 
10,000-20,000 


20-90 
8-40 


40-150 
15-60 


30-250 
30 min. 
25-100 


30-250 
30 min. 
25-150 
Dia. of runner 
ess !14 in. 
30 min. 


less !14 in. 
30 min. 


air or water 
160-170 
120 and up 
without annealing 
4-25 
4-25 


160-170 
50-120 


2-15 
2-15 





ENGINEERING AND METHODS 





INJECTION MOLDING: POLYSTYRENE 


hould always be avoided through 
ise of fillets and radii. They 
hould not, however, be excessive. 

Mold venting: Proper venting is 
ilso necessary. Vents should be 

paced 1 to 2 in. apart. To prevent 
flashing or burring, the depth of 
the vent at the parting line should 
not exceed 2 mils with land length 
of 20 to 30 mils and relieved from 
behind to greater depths to elim- 
inate frictional resistance of air. 

Sprues and runners: Sprues 
should have a base opening which 
is approximately !1« in. larger in 
diameter than the nozzle orifice 
opening. Base diameters between 
‘46 and %» in. with a 4 in./ft. ta- 
per are adequate for most appli- 
cations. 

Full round runners are pre- 
ferred over other types. For small 
pieces and short runner systems, 
a *is-in. dia. runner will be suffi- 
cient. The %4-in. dia. runner is 
usually recommended for most 
molds, although for extremely 
large pieces 5i6- or 3g-in. dia. may 
be necessary. Trapezoidal shapes 
are also acceptable, but some- 
what less desirable than the round 
type. Sizes should be in the same 
range as the round runner. Run- 
ner systems should be balanced if 
uniform filling of multiple (iden- 
tical) cavity molds is to be ex- 
pected. This can be accomplished 
only if all the gates are equidis- 
tant from the sprue and if all the 
runners are the same size. (This 
subject was discussed in detail in 
Mopern Ptastics Oct., 1956, p. 
166.) 

Gating: Restricted, or pin-point, 
gates are most common, although 
other types such as the sprue and 
submarine are also employed. As 
a rule of thumb, the thickness for 
gates should be from 40 to 60% 
of the section thickness of the 
part to which they are attached. 
Widths should be 114 in. less than 
the runner diameter, with land 
lengths as small as practical. Pin- 
points with some taper for easy 
release generally range between 
30 and 45 mils in diameter. 


Molding characteristics 
Drying: Polystyrene is not a 
hygroscopic material and there- 


lore drying is seldom necessary. 
Condensed moisture on the sur- 
ice of the molding pellets may, 
however, cause “blisters” upon 


molding. When such conditions 
exist, drying will be necessary. 
Preheating, which is not neces- 
sary for drying purposes, may be 
of considerable benefit to the 
molding operation by assisting the 
injection cylinder to operate at 
lower temperatures. This may also 
result in a definite increase in 
production rates, particularly on 
operations where the heating ca- 
pacity of the cylinder is a limiting 
factor. Heating times in the range 
of 45 to 90 min. at temperatures 
of 170 to 180° F. are recommended 
for granular layers approximately 
34 in. deep in oven trays. 

Molding conditions: Polysty- 
rene can readily be molded in 
standard injection molding equip- 
ment. Exact molding conditions 
(temperature, pressure, and cycle 
time) depend on the individual 
machine being used, and the size 
and geometry of the object be- 
ing molded. Typical values nor- 
mally encountered are tabulated 
in Table 1, p. 706. Top safe tem- 
perature for a 20-min. exposure 
is approximately 500° F. While 
such values are helpful to serve 
as starting points, the molder 
must determine the best operating 
conditions for the particular 
molding operation. 

In attempting to establish the 
optimum molding condition 
from a particular starting point, 
it becomes important to under- 
stand the demands that mold sec- 
tion thickness place on molding 
conditions. 


Mold section thickness 


Thin sections (below 50 mils): 
Speed of injection is of first im- 
portance. Cooling effects while 
filling are very large, resulting 
in a rapid increase in plastic vis- 
cosity. For this reason, plastic 
pressure requirements also be- 
come extremely high. To help 
offset both the cooling on filling 
effects and pressure require- 
ments, higher cylinder tempera- 
tures must be employed if fast 
flow is to be maintained. Mold 
cooling time is of much lesser im- 
portance. A layer 30 mils thick 
will set up in approximately 3.5 
seconds. Orientational stress is 
the principal type of induced 
stress. As the injection speed in- 
creases and the gate size de- 
creases, the greater will be the 
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fiow-orientation in the part. To 
ease this problem the part should 
never be molded faster than nec- 
essary and the gate should never 
be smaller than necessary. Only 
through an optimum balance be- 
tween these two variables will 
this problem be minimized. 
Medium sections (50 to 100 
mils): Speed of fill is not as criti- 
cal since cooling on filling is con- 
siderably reduced. This 
plastic temperature and 
pressures are possible. Mold tem- 
peratures should be high enough 
to prevent undue orientational 
and_ thermal 
enough to keep mold-closed time 


means 
lower 


stresses but low 


to a minimum. Packing stresses 
are also undesirable and generally 
cannot be tolerated. Holding pres- 
sures should therefore be lower 
than the injection 
Restricted gates which 
quickly are most helpful in elim- 
inating packing problems. 

Thick sections (over 100 mils): 
Principal problems with this type 
of molded article are sinks and 
vacuum __ bubbles 
thermal-shrinkage 
long cooling periods. A cooling 
time of 100 sec. may be re- 
quired for parts 0.160-in. thick. 
To control these problems as 
much as possible a number of 
things can be done. Cylinder tem- 
peratures as low as_ possible 
should be used, with the plastic 
temperature as uniform as pos- 
sible. Preheating the granules 
prior to molding is of considerable 
aid in uniform 
plastic temperature. This gener- 
ally allows a lower cylinder tem- 
perature to be employed. Pack- 


pressure. 
freeze 


caused by 
stresses and 


accomplishing 


ing can usually be tolerated to a 
greater degree in heavy section 
molds. For these reasons, large 
gates which do not freeze quickly 
are often used. They allow longer 
holding pressure periods which 
help to control the 
within this mold at a more con- 


pressure 


stant level while it cools and con- 
tracts and thereby prevent voids 
and sinking. More positive and 
better ways of controlling these 
problems are through the use of 
nozzle or gate valves and mold 
pressure control. Mold tempera- 
tures must also be closely con- 
trolled since fast cooling results 
in bubbles, while slow cooling 
may produce sinks. 
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Jn addition to the standard or general-purpose 
styrenes which are injection molded by the tech- 
niques previously described, there are a number of 


Bakelite 
BY P. B. POTTER 


Bakelite offers a family of impact-resistant styrene 
materials as well as styrene-acrylonitrile copolymers 
for injection molding. 

TMD-2155 is a very high-impact polystyrene in- 
jection molding compound for use in applications 
requiring greater toughness than can be afforded 
by the standard high-impact polystyrene materials. 
Stock temperatures ranging between 440 and 490 
F. and mold temperatures of 165 to 175° F. are sug- 
gested. If difficulty is encountered in filling the mold 
or in obtaining good surface gloss, it is recommended 
that the cycle be lengthened or the job be run on a 
larger press. Higher stock temperatures than those 
recommended may result in poor surface gloss. 

TMD-5151 is a general-purpose type of high- 
impact polystyrene. It molds in a similar fashion to 
standard injection molding grades of polystyrene. 
Mold temperatures ranging from 140 to 160° F., with 
an approximate operating temperature of 150° F., 
usually provide best results. Recommended stock 
temperatures range between 390 and 490° F. 

TMD-5161, a heat-resistant, high-impact styrene 
molding material, molds under conditions similar to 
standard injection molding grades of impact styrene; 
however, as it is a heat-resistant material, it has 
stiffer flow properties and is faster setting. Recom- 
mended actual stock temperatures range from 440 
to 490° F. and best results are obtained with a mold 
temperature of 160 to 180° F. The highest permissi- 
ble mold temperature and fastest possible injection 
speed should be used to obtain optimum heat-dis- 
tortion resistance. 

TMD-8020 is a slightly modified polystyrene which 
provides medium impact strengths. It molds more 
like the general-purpose polystyrenes than other 
more highly modified materials. Recommended mold 
temperatures range from 140 to 160° F.; recom- 
mended actual stock temperatures range between 
390 and 490° F. 

RMD-4511 is a styrene-acrylonitrile copolymer 
with good molding characteristics and high heat- 
distortion temperatures. It is possible to utilize most 
molds designed for polystyrene by adjusting cylin- 
der and mold temperatures and sometimes modify- 
ing gate sizes. It can be molded on polystyrene cycles 


»pt., Bakelite Co., Div. Union 


Dow BY R. B. DAHL 


Formulations have been developed by Dow to 
provide molding materials with styrene as a basic 
monomer. The materials can be characterized as 
conventional, modified, or copolymers. 
Conventional styrenes: Styron 666 is a conven- 
tional polystyrene designed to fulfill a wide variety 
of applications. Part section thickness for this ma- 
terial usually ranges between 60 and 100 mils. 
Styron 666M, along with its easy flow, has good 
setup characteristics and physical properties. These 


| Co., Midland, Mict 


“special” styrenes commercially available which re- 
quire special molding techniques for best results, as 
discussed below. 


Clear outer bowl for cocktail blender molded 
of styrene-acrylonitrile copolymer is easy to 
clean and hard to break. (Photo, Bakelite) 


by using a preplasticator or increasing injection 
speed. If the injection pressures must be substan- 
tially increased, the likelihood of overpacking and 
subsequent sticking in the mold cavity is also in- 
creased, To counteract this, it is possible to increase 
stock temperatures within recommended limits. It 
can be given an optimum heat distortion resistance 
by using the fastest permissible injection speed and 
highest mold temperatures. Because RMD-4511 is 
not compatible with polystyrenes and some other 
thermoplastics, care must be taken to avoid con- 
tamination during processing. 

RMDA-4500 is an easier molding material than 
RMD-4511. The compound has the same chemical 
resistance as RMD-4511 and a slightly higher heat 
distortion temperature. It is significantly tougher 
than the general-purpose and heat-resistant poly- 
styrenes. 

SMD-3002 Black 65 is an injection molding com- 
pound designed specifically for sound records. 

SMF-3050 Natural 75 is an injection molding in- 
termediate for sound records which is supplied to 
manufacturers who wish to add their own colorants. 


features, coupled with its added resistance to break- 
age on ejection, make it an excellent molding formu- 
lation. It is normally used in parts with a section 
thickness between 45 and 85 mils. 

Styron 689 has the easiest flow and slowest setup 
characteristics of the conventional Styrons. It is 
normally used in parts with a section thickness 
lower than 50 mils. It is also used in applications 
where machine capacity is taxed or flow problems 
are encountered due to non-uniform sections. 

Styron 683 is a high-heat-resistant material. It 
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used where heat distortion becomes an important 

nsideration and reasonably fast setup character- 

ties are desired. For these reasons the injection 
olding machine should be operating within or be- 

w its rated capacity. Molded-part section thickness 

often 90 mils and greater. 

Styron 700 is the highest-heat-resistant poly- 

yrene available. Although the heat-distortion 

mperature of many articles molded from Styron 
00 will be greater than 212° F., the material is not 

commended for prolonged or repeated boiling. To 

ttain the highest heat resistance in the finished 

oduct the parts should be annealed. Because of 
ts high heat resistance and fast setup character- 
stics this material will be stiffer in flow than other 
formulations. The molding machine should be oper- 

ted well within or below the rated capacity and 
iold temperature controlled at 180° F. or above. 

Modified styrenes: Styron 475 is widely accepted 
as a high-impact material. It has impact strength 
five times greater than conventional resins and 20 
times their elongation. The normal section thickness 
of most molded parts ranges from 35 to 100 mils. 

Styron 475M is an easy-flow, high-impact mate- 

ial. Its properties compare favorably to Styron 475 
with some sacrifice in heat resistance. This material 
has been well adapted to extremely thin-walled 
parts and in applications which have a large surface 
area. The section thickness generally ranges be- 
tween 25 and 60 mils for most molded parts. 

Styron 330 is a medium-impact material posessing 
somewhat lower elongation and impact than other 
modified Styrons. It is generally used when a bal- 
ance is needed between rigidity, cold flow, and 
toughness. Normal section thickness for most molded 
parts is between 20 and 90 mils. 

Styron 440 has the highest heat resistance of all 
the modified Styrons. It is normally used in parts 
having a section thickness above 65 mils. Mold tem- 
peratures should be controlled between 170 and 180° 
F. and the molding machine should be operated be- 
low its rated capacity. As with other high-heat ma- 
terials, it will have less elongation than the high- 


Marbon BY C. R. HOLT®* 


Cycolac resins are multipolymers based on acry- 
lonitrile, butadiene, and styrene. Three of these 
resins are specifically designed for injection molding. 
Cycolac T is designed for maximum toughness at 
high hardness and tensile strength. This grade has 
excellent flow properties and normally molds at 
lower temperatures and/or pressures than the 
Cycolac H grade. Cycolac T is preferred for appear- 
ance parts where maximum gloss, rigidity, and mar- 
resistance is required in combination with high 
pact strength. 
Cycolac H is designed for molded parts requiring 
ood appearance with high impact resistance over 
wide temperature range. With slightly lower flow 
operties than the Cycolac T, the H-grade resin re- 
lires larger runners and gates with usually higher 
jection pressures. Cycolac H is most suitable for 
ms demanding extreme resistance to abuse, such 
safety hats, bowling pins, football helmets, golf 
ib heads, carrying cases, etc. 
Cycolac DM is designed for parts which must be 
lf-extinguishing and/or which need ultra-high 
pact resistance. The DM resin does not support 
me, provides high hardness, rigidity, and gloss, 


ervice mgr Marbon Chemical Div., Borg Warner C« 
Ave., Gary, Ind 


ry 
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Dinnerware injection molded of styrene- 
acrylonitrile copolymer opens lucrative new 
market for special styrenes. (Photo, Dow) 


impact materials and should be used only if a need 
exists for the added heat resistance. 

Styron 440M is a high-heat, high-impact modi- 
fied polystyrene. This material is the easiest flowing 
of the heat-resistant, high-impact materials. 

Styron 480 is an extra-high-impact material. This 
shock-resistant material has been formulated with- 
out sacrifice of heat distortion temperature which 
is 185 to 192° F., annealed. It has excellent tough- 
ness and is molded in parts 25 to 75 mils thick. 

Styrene copolymers: Tyril 767 is a copolymer of 
styrene and acrylonitrile. It is a rigid thermoplastic 
which can be readily molded. This material has 
improved toughness with excellent resistance to 
environmental stress cracking. Before molding, a 
drying time of 1 to 2 hr. at 170 to 190° F. is recom- 
mended. The heating cylinder should be completely 
purged of all thermoplastic materials before mold- 
ing. Cylinder temperatures of 400 to 550° F. are 
recommended and the mold temperature should be 
between 170 and 190° F. If these conditions are met, 
the molded parts will exhibit maximum heat re- 
sistance and minimum tendency to craze. 


and has extreme resistance to abuse. This material 
is usually molded at fairly low cylinder tempera- 
tures (300 to 375° F.) with sprue, runners, and gates 
as generous as possible. 

Mold design: Molds for Cycolac should be con- 
structed along conventional lines, bearing in mind 
the usual need for high pressures, generous runners, 
and large gates. Details such as internal ribs help 
the plastic to flow to the far ends of the cavities. 
Runners and mold surfaces should be _ highly 
polished for best flow of material and fine finish on 
the molded piece. Vapor-honed surface finishes on 
large-area parts are not recommended. Molds 
should be vented adequately in all areas to prevent 
gas burning, especially at welds. 

Runners: All multi-cavity molds should be de- 
signed with the shortest possible runners and with 
gates balanced for uniform fill of each cavity. Long 
major runners should be extended slightly beyond 
the furthest secondary runners to act as cold-slug 
traps ahead of the cavities. In some instances, a hot- 
runner-plate construction is helpful. Water-coring 
should be designed to keep runners as hot as pos- 
sible. A cold-slug well at the sprue end should be 
provided where possible. This should run 1% to ™% 
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in. larger in diameter than the sprue, and be suffi- 
ciently deep to accommodate large nozzle slugs. 

Gating: Gates must be rounded and streamlined, 
preferably widened at the cavity end and fed from 
deep runners so that hot resin flow is not hampered. 
Large gates should enter a heavy section of the part, 
not flush with a finished surface, to promote rapid 
fill and continuous steady flow from thick to thin 
areas. Gating on a finished surface may produce a 
blemish at the gate area. 

Multi-gating a large part should be balanced to 
obtain uniform fill with the final weld taking place 
at the bottom edge or far edge. 

Pinpoint and restricted gates are normally satis- 
factory for parts of low surface area. This type of 
gating has proved very effective when entered into 
a tab. This, in turn, will give excellent surface finish 
and allow the use of a fast fill. 

General characteristics: The Cycolac resins do not 
have a sharp melting point, but soften gradually as 
the temperature is increased beyond the heat-distor- 
tion point. Resin temperature for maximum flow of 
the T and H grades is approximately 450 to 475° F. 
They should not be heated to a material tempera- 
ture above 475° F. since physical properties are ad- 
versely affected. The DM-type resin should be 
molded at a lower temperature range to avoid heat- 
degradation. 

Molding techniques: In the injection molding of 
Cycolac, shot size should normally not exceed 75% 
of the nominal shot capacity of the press. As the 
part size increases, or as surface area becomes 
greater, the ratio of press capacity-to-shot size 
should be increased and the gating be more gener- 
ous. 

The resin can be dried in hopper heaters at 175 to 
200° F., or in conventional tray ovens. A layer of 
pellets *4 to 1 in. thick is generally satisfactory. Dry- 
ing periods should not exceed 1 to 2 hr. at 175° F., 


since it is quite possible to stiffen the resin and © 


shorten its flow by overheating in drying ovens. The 
resin pellets may tend to clump or cake together at 
drying temperatures approaching 200° F. 

Molding of a new part should be started with low 
cylinder temperatures (380 to 400° F. for H or T 
grades, 275 to 300° F. for DM grade), hot mold (170 
to 180° F.), largest possible gate and nozzle, maxi- 
mum pressure, and generous cycle. A trial air shot 
should be taken to inspect the plasticity, color, and 
appearance of the heat-plasticized resin. The rope 
should be smooth, glossy, and nonporous, without 
lumps, particles, discoloration, contamination, or 
large blisters. After locking nozzle against bushing, 
temperatures can be gradually increased until com- 
plete fill is obtained. Normal top cylinder tempera- 
tures for H and T grades: 475 to 500° F. Normal top 
cylinder temperature for DM grade: 375° F. Cycle 


Glass-Reinforced Styrene 


Engineers and designers in the plastics industry, 
which is constantly increasing its range of materials, 
are becoming familiar with the abbreviation “GFF” 
(glass-fiber-filled) as it applies to injection molding 
compounds. They are thermoplastic molding mate- 
rials containing colloidally dispersed glass fibers 
having a preselected degree of glass bundle dis- 
persability built into each pellet and having chemi- 
cally reactive bonding agents selected to provide 
the proper degree of bond between the glass fiber 
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time can then be reduced to the point of short shots 
by reducing injection time, then total time. Inability 
to get full shots on a long cycle over a wide tem- 
perature range, or the necessity of increasing mold- 
ing temperatures more than 50 to 75° F. over that 
of the air shot, shows larger gating is needed. 

Molding Cycolac DM: Certain precautions should 
be taken in injection molding this material since 
thermal decomposition can create corrosive fumes. 
Equipment should preferably be chrome-plated 
since HCl can be released on exposure to high tem- 
peratures or to overly-long hold-up, even at lower 
temperatures. Start with press cylinder heats of ap- 
proximately 250 to 275° F. and gradually bring up 
heats to accomplish complete fill. This will normally 
take place at not over 350 to 375° F. if sprue, runners, 
and gates are reasonable. At these temperatures the 
resin should be kept moving through the cylinder 
to avoid discoloration of the parts. Dead spots, hang- 
up, and delays of steady movement of the resin 
should be avoided. Mold temperatures of 140 to 170 
F. are recommended. 

Before shutting down the press for any appre- 
ciable length of time, the cylinder should be com- 
pletely and thoroughly purged, possibly with re- 
ground acrylic or styrene. 

Molded properties: Warm parts just out of the 
press, especially in the darker colors, always should 
be handled with clean cotton gloves to prevent mar- 
ring or finger-marking. Wrapping or packaging 
should be done with soft paper or polyethylene film 
after the parts have cooled to room temperature. 

Cycolac parts are often held in conventional 
freeze-jigs upon removal from the press. Thick parts 
are sometimes shock-cooled in a water bath to pre- 
vent sinking; it is advisable to use water as hot as 
possible to prevent blowing, porosity, and trapped 
stresses. 

Weld areas of molded Cycolac parts are excep- 
tionally strong and do not normally constitute a 
weak section. 

Annealing of molded parts may be necessary in 
special cases and this should follow established tech- 
niques: uniform heating of the part to a tempera- 
ture 10 to 15 ° F. below the distortion point, followed 
by a slow gradual cooling. Time and temperature of 
annealing will be specific for each case, depending 
upon the contours and the thickness of the part. 

The higher cylinder temperatures increase dimen- 
sional stability of the molded part for service at 
elevated temperatures. Annealing of molded parts 
(1 hr. at 175° F. in hot air) improves the dimen- 
sional stability of parts molded at lower cylinder 
temperatures, i.e., has the same effect as molding at 
the higher heats. For maximum impact resistance, 
the cylinder temperatures are normally carried as 
low as possible. 


BY REXFORD BRADT 


and the particular resin involved. These compounds 
are from | to %4 fibrous glass. In appearance, they 
are generally %4 in. to % in. long cylindrical pellets 
about '% in. in diameter. 

GFF injection compounds can be considered as 
greatly upgraded materials. The glass-reinforced 
styrenes may be compared to their equivalent un- 
filled grades as follows: tensile strength—100 to 
150°; gain; impact strength—much over 100% gain 
elongation—virtually eliminated in rigid grades 
heat distortion (264 p.s.i.)—raised about 50° F. 

In molding, they should first be dried from 2 
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8 hrs. at 160° F. in %-in. layers. This step is par- 
‘ularly necessary with some color formulations 
here pigments may be hygroscopic. 

In molding, the stock temperatures should be the 
me as for the same machine with the same resin 
ithout glass. The actual stock temperature should 
1t be raised to assist in filling a mold. If such 
ssistance is needed, the pressure and the mold 
mperature should be increased. But the cylinder 
mperature should not be increased. 

Pressures required are some 20 to 25°% greater 
or a given mold, so it is well to underrate the 
iachine accordingly. The machine productivity will 
e more than regained because of the faster cycles. 

Mold temperature comes in for more attention 
ith this material than with most others. For one 
thing, it freezes rapidly. A mold surface temperature 
of 170 to 180° F. is a good starting point for high- 
finish articles with GFF styrene. The faster the 
injection, the cooler the mold can be and still main- 
tain high finish. 

Where finish is of no concern, a cooler mold can 
be run, but the fiber bundle orientation must be 
watched to be sure that the fibers do not fold or 
centerflow. The cavity should be filled by fast, 
turbulent flowing of molten material. 

Gate location is important. The glass fibers are 
radially arranged at gates and do not interlock or 
felt. Gate points are somewhat like knotholes in a 
pine board, but it is believed that gates should not 
be located at critical points. 

Shrink blocks can usually be dispensed with 
because these compounds set so rapidly. The ma- 
chine operator will usually be so busy on the small 
and medium-sized parts that automatic degating 


Monsanto BY BENNETT NATHANSON* 


Monsanto’s Lustrex line recently has been revised 
and consolidated, with several changes in nomen- 
clature and lubricant formulas. 

General-purpose grade (unmodified polystyrene) : 
Hi-Flow 55 is used primarily as a colorant blend 
and pelleted crystal. It was originally developed for 
thin-wall and automatic molding requirements. 
Polymer molecular weight control results in a sharp 
softening point upon plastication and improves both 
the rate and uniformity of material heating in the 
injection cylinder. The product’s nominal heat dis- 
tortion temperature of 165° F. was set to allow 
satisfactory use performance and to avoid the de- 
velopment of high residual strain due to rapid setup 
in thin-wall sections. 

Hi-Flow 66 is a polymer of medium melt charac- 
teristics, having moldability and setup in the 
medium-flow area. It is particularly adaptable to 
moldings of thin/thick cross-section area. It is 
available as a colorant blend, crystal, and in trans- 
parent, translucent, and opaque colors. The nominal 
heat distortion temperature is 176 to 180° F. 

Hi-Flow 77 is the standard general-purpose ma- 
terial, with good flow, fast-setup molding character- 

tics. Heat-distortion temperature range is 185 to 
188° F. 

General purpose polystyrenes (improved heat re- 

tance): Hi-Heat 99 is particularly suited for ap- 

cations requiring improved heat resistance at 
nperatures of about 195° F. Specifically formu- 
ed for molding and/or extrusion, it also may be 
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JECTION MOLDING: SPECIAL STYRENES 


Top of portable phonograph is molded of glass- 
reinforced styrene, can be produced with high 
gloss or satin finish. (Photo, Fiberfil) 


and hot runners should definitely be considered. 
Shrinkage of GFF styrene is less than one-half 
that of general-purpose styrene. 

Holes are best molded in—especially if they are 
for bearing purposes. In molded holes the glass 
fibers are wrapped around the hole and form a very 
good bearing; in a punched hole the fibers are cut 
and give a poor bearing. 

Venting is especially important. Since GFF ma- 
terials flash so little, ample venting is possible. 


post-oriented as a sheet. The material is available 
as crystal, colorant blend, and in process colors. Sub- 
ject to design and degree of residual strain, molded 
parts may withstand near boiling water tempera- 
tures without deforming. 

Formulations for molding and extrusion include 
colorant blend, crystal, transparent, translucent, and 
opaque colors. Machine heater settings, as related 
to general-purpose styrene requirements, should be 
25 to 50° F. higher on all bands. Whenever possible, 
the front or nozzle band should be increased the 
minimum necessary to control mold-fill character- 
istics. 

Maximum booster settings short of “pack” condi- 
tion are preferred to higher injection pressure. The 
very fast setup characteristic of this material can 
often permit shorter cure times, resulting in reduced 
over-all production cycles. 

Impact grade Lustrex (rubber-modified): Hi-Test 
88 is available in both extrusion and molding grades. 
The natural formula has a characteristic of high 
translucency and white color, is available as a color 
ant blend, and/or conventional molding compound 

A tough, rubber-modified polystyrene, the ma- 
terial has tensile elongation values in the range of 
20 to 25%, giving it 10 to 15 times the elongation of 
general-purpose polystyrene. Because of this im- 
proved elongation, less taper is required in the mold 
and in many cases shallow threads can be stripped. 
Impact values range from 1.5 to 4 times those of the 
impact values for medium-impact and general- 
purpose grades. 

In addition, Hi-Test 88 has excellent resistance to 
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repeated flexing—a property which, when combined 
with its ultimate elongation and impact properties, 
gives the material an all-around toughness. 

Impact and elongation properties of all rubber- 
modified polystyrenes vary with the amount of 
orientation developed in the molded item. Maximum 
impact is obtained at lower injection cylinder tem- 
peratures, resulting in maximum orientation. 

Excellent gloss can be obtained from Hi-Test 88 
using molds for general-purpose polystyrene, with 
mold temperatures in the range of 140 to 160° F. Its 
mold shrinkage is comparable to that of general- 
purpose material. No special handling is required. 

Hi-Test 88 is available in a wide color range of 
pelleted translucents and opaques and in several 
moldability ranges. Its heat-distortion temperature 
is in the range of 168 to 173° F., sufficiently high 
for most applications. 

For special applications requiring improved heat 
resistance, Monsanto offers a new high-impact ma- 
terial, Lustrex Hi-Test 89. The heat-distortion tem- 
perature is approximately 190° F. Slightly higher 
cylinder and mold temperatures are required, but 


U. S. Rubber (Naugatuck Chem. Div. ) 


Kralastic' is a trade name for a family of plastics 
that fits into the broad category of acrylonitrile- 
butadiene-styrene polymers. Kralastic compounds 
range from Kralae H, a styrene-acrylonitrile co- 
polymer, to Kralastic J, one of the resin-rubber 
blends. Kralac H presents the maximum in heat dis- 
tortion, chemical resistance, and flexural and tensile 
properties that this system offers. Kralastic J has 
excellent impact strength over a broad temperature 
range, with a low temperature impact strength 
that is probably the best of any injection molding 
compound. Kralastic B, D, F, and the newer better- 
flow compounds represent various combinations of 
impact, tensile, flexural, hardness, and heat-distor- 
tion properties. 

Kralastic HTHT, a recent addition to this family 
of materials, combines superior tensile and flexural 
properties at high temperatures with good impact 
strength down to 0° F. A heat-distortion tempera- 
ture of 225° F. (264 p.s.i.) indicates the strength of 
HTHT at high temperatures. 

Preparation for molding: Hopper drying or oven 
drying is recommended when optimum gloss and ap- 
pearance are desired. No special equipment is re- 
quired. Often, drying has the added advantage of 
reducing cycle times by raising the temperature of 
the granules entering the cylinder. However, Kra- 
lastics are also being molded successfully without 
drying. The granules can be dried sufficiently under 
conditions ranging from 4 to 6 hrs. at 140° to 45 min. 
at 190° F. 

In moldings where the injection pressure require- 
ments are critical, external lubrication (36 gm. of 
zine stearate/100 lb. Kralastic) is often required to 
reduce the pressure loss sustained in compacting the 
granules in the rear of the cylinder. The need for 
external lubrication must be considered on an in- 
dividual job basis, with the definite molding ma- 
chine and mold being considered. 

Molding conditions: Kralastics can be injection 
molded on standard equipment, including machines 
equipped with preplasticators. Kralastics do not 
have a sudden critical melting point, nor do their 


* Naugatuck Chemical Div. United States Rubber Co., Naugatuck, Conn. 
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gloss is equivalent to that of Hi-Test 88. The tensile 
elongation has been improved to the level of ap- 
proximately 8 to 12% which allows stripping of 
molded parts with slight undercuts. 

Lustrex Hi-Test 44, a medium-impact, rubber- 
modified grade, is especially suitable when addi- 
tional toughness over general-purpose polystyrene 
is required. Its impact strength is about twice that 
of general-purpose material. Because of its added 
toughness, it is easily ejected when molded in thin- 
section and in deep-draw parts with limited draft. 
Recommended for jobs formerly molded of general- 
purpose material, Hi-Test 44 helps eliminate 
fracture in die ejection and reduces breakage in 
subsequent assembly operations. Hi-Test 44, which 
replaced Lustrex LHA, now has a tensile elongation 
about four times greater than that of general-pur- 
pose. The natural grade is used extensively in pack- 
aging applications because of its high translucency 
and high-speed moldability which compares with 
that of the softest-flow grades of general-purpose 
polystyrenes. Hi-Test 44 passes over 50% more light 
than Hi-Test 88 and Hi-Test 89 Natural. 


BY WILLIAM J. COUGHLIN* 


consistencies ever approach the state of water-like 
liquid. Kralastics can be molded over a wide tem- 
perature range (350 to 600° F.), with stock tempera- 
tures between 400 and 475° F. resulting in the best 
combination of physical properties and cycle times. 
Generally speaking, stock temperatures should be 
kept as low as possible, often determined by a visual 
inspection of the molded piece. However, there will 
be occasions when raising the stock temperature will 
result in improved knit lines and consistency of im- 
pact strength throughout the molded piece. Raising 
the stock temperature above the optimum tempera- 
ture will slowly degrade the physical properties, but 
will not result in a sudden degradation. 

Kralastics can be allowed to sit in the cylinder for 
a nominal length of time, and do not have to be 
purged during short shutdowns. Kralastics can be 
left in the cylinder indefinitely when the heat is 
turned off. Inspection of an air shot or a short shot 
will often help determine whether excessive condi- 
tions are being used. An air shot will indicate if the 
desired uniformity of consistency and color is being 
obtained, or whether the material is being over- 
heated by excessive cylinder or nozzle tempera- 
tures. Abnormally rough leading edges in short 
shots usually means that the stock temperature is too 
low and that weld lines will not knit properly. 
Checking the runners may also be a help in detect- 
ing cold slugs or brittleness. 

Critical flow situations such as large, thin sections, 
unusually large shot size, large number of cavities, 
etc., may require cylinder temperatures of 500° F. 
or higher. If satisfactory parts are not obtained after 
gradually raising the stock temperature to the 500° 
F. range, maximum physical properties and mini- 
mum cycles will probably be obtained by: a) open- 
ing the gates and b) enlarging the runners. Of 
course, before such major changes are made, consid- 
eration should be given to the possibility of using a 
larger molding machine and/or preplasticators, and 
checking to see that all present equipment is work- 
ing properly. 

Maximum finish can be obtained by high mol: 
temperature (160 to 200° F.) and highly polishe:! 
molds. The longer cycles introduced by high mol: 
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temperatures can often be reduced by the use of 
jigs, cooling baths, or lower stock temperatures. 
When finish is not important, Kralastics can be run 
with cold water on the mold. Consideration should 
be given to the proper cooling of pins and core plugs. 
Warpage and cycle times can often be reduced by an 
air blast on the extremities of the mold that cannot 
be internally cooled. 

Gates and runners: Molds for Kralastics have 
been designed with a variety of gate sizes (0.30 in. 
round to 1.875 by 0.125 in.). Large gates are gen- 
erally recommended with the shot size, wall thick- 
ness, and the individual flow requirements the de- 
terminating factors. Restricted gating has been used 


Koppers BY E. Y. WOLFORD* 

The Dylene polystyrenes fully cover all the com- 
mercially popular types of polystyrene. Included are 
normal polystyrenes embodying individually easy 
flow or quick set or general purpose or improved 
heat resistance types, as well as modified poly- 
styrenes with medium-elongation (medium-impact), 
both quick molding and improved heat resistant 
types, and high-elongation (high-impact) also in both 
quick molding and improved heat-resistant types. 

For applications served by normal polystyrenes, 
Dylene Type 2 has been developed especially for the 
rapid molding of very thin, large area sections. Type 
2 molded pieces exhibit excellent clarity, water 
whiteness, easy flow, rapid set, and freedom from 
sinks and waviness. 

Dylene Type 3 is a normal polystyrene of general- 
purpose type combining good flow and fast set char- 
acteristics with physical properties and heat resist- 
ance intermediate between the easiest flowing 
formulations and the heat-resistant types of normal 
polystyrenes. It is best suited for the rapid molding 
of strong parts of medium thickness. 

Dylene Type 4 combines easy flow for rapid filling 
with fast setup in cavities and mechanical strength 
properties approaching those of the medium-heat- 
resistant normal polystyrenes. It is used for molding 
heavy-walled and mixed thick- and thin-sectioned 
pieces. 

Dylene Type 7 is intended for applications where 
good flow, fast set, and easy release are wanted. 

Dylene Type 8 has improved heat resistance, easy 
release, uniform moldability, and superior mechani- 
cal properties. 

Evenglo polystyrenes, a series specially pigmented 
for the lighting industry to resist yellowing, have the 
same range of properties as Dylene Type 8. Improved 
Evenglo polystyrenes with increased light stability, 
known as the PL-color series, are also commer- 
cially available. 

The high-elongation (high-impact) Dylene poly- 
styrenes include: Type 200, an easy-flow material 
which exhibits improved surface gloss and weld 
appearance and is especially adaptable for the short 
cycle molding of large-area, thin-section pieces; 
Type 201, also an easy-flow material intended ex- 
pressly for extrusion and particularly thin sheet 
extrusion for subsequently thermoformed pieces in 
which it exhibits both rapid forming and excellent 
surface gloss approaching the gloss of overlay; and 
Type 800, especially notable for its improved heat 
resistance. Surprisingly enough, it has lately been 
demonstrated that thin-wall, expendable cups can be 
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successfully? but is not generally recommended. 
When short shots are obtained with restricted or 
pin-pointed gating, the turbulence at the restriction 
point may require a lower, rather than increased, 
ram pressure, When positioning gates, consideration 
should be given to avoiding the placement of weld 
lines at locations where appearance or impact 
strength are critical. 

Full-round runners (46 to % in.) are recom- 
mended; a trapezoidal design is the next most effec- 
tive. Nozzle sizes from 1% to % in. have been used 
with 416 to %¢ in. sizes the most common of the types 
employed. 


210 to 60% of wall thickness 


made from Type 800 as quickly as from the easier- 
flowing, less-heat-resistant types. 

Of the medium-elongation (medium-impact) ma- 
terials, Dylene Types 30 and 80 exhibit shock re- 
sistance intermediate between that of the normal 
polystyrenes and the high-shock-resistant type. 
Both are somewhat easier and quicker to mold than 
the corresponding high-elongation types. Pieces 
made from either have excellent surface gloss and 
good weld-line appearance. Where higher heat 
resistance is required, Type 80 is used. 

Cylinder temperatures: Cylinder temperatures for 
the various Dylene polystyrene formulations may 
range from 350 to 600° F. Usually, those materials 
possessing higher heat resistance will require higher 
cylinder heats and injection pressures. 

Cylinder temperature settings for Dylene Type 8, 
for example, will run 30 to 50° F. above those used 
for general-purpose polystyrenes. Molding condi- 
tions for Evenglo polystyrenes will parallel those 
used for Dylene Type 8. However, with the PL-color 
series, cylinder temperatures above 540° F. should 
be avoided. 

High-elongation and medium-elongation poly- 
styrenes usually mold at lower cylinder tempera- 
tures than their corresponding formulations in nor- 
mal polystyrenes. Cylinder heats and injection pres- 
sures are also dependent upon a number of other 
factors, e.g., type of gate, runners, sprue design, etc. 

Both classes of polystyrene formulations are ‘re- 
sistant to scorching as long as exceedingly high cyl- 
inder temperatures, or prolonged exposures, even 
at low cylinder temperatures, are avoided. 

Mold temperatures: Mold temperatures of 140 to 
180° F. will yield parts with the best surface gloss 
and mechanical properties. Mold temperatures be- 
low 140° F. generally produce parts with a satin or 
matte finish. Excessively cool molds may result in 
flow lines, weak unsightly welds, and loss of me- 
chanical properties. When working with Dylene 
Type 8, mechanical strength is improved by high 
mold temperatures, preferably with a cooling time 
allowed which is sufficient to permit molding 
stresses to relax while the piece is in the mold. 

Predrying: Normally, it is not necessary to predry 
Dylene polystyrenes because of their low affinity for 
moisture. However, when polystyrenes are subjected 
to a very damp or humid atmosphere in storage, or 
shipped in extremely cold weather, moisture may 
condense on the surface of the pellets or particles 
upon exposure to the warmer or more humid atmos- 
phere of work rooms. Dylene polystyrenes may be 
predried before molding by use of a hopper drier or 
by placing in an air-circulating oven in trays. 
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BY CHARLES C. SWEARINGEN®* 


The substantial increase in the 
use of vinyls reflects the con- 
tinued improvements being made 
in materials, equipment, and 
techniques necessary for the suc- 
cessful molding of these versatile 
materials. Today’s molders can 
take full advantage of the many 
unique properties of vinyls, with 
little danger of encountering tie 
thermal instability difficulties of 
past years, providing, of course, 
that a reasonable amount of care 
is exercised. Because vinyls can 
be compounded or modified to 
give a very wide variety of physi- 
cal and chemical characteristics, 
the comments which follow must 
necessarily be very general in 
nature. Therefore, it is important 
that a molder using vinyls con- 
tact the supplier for specific in- 
formation. 

There are three basic classes of 
vinyls: 1) elastomeric (or flexi- 
ble) vinyls; 2) rigid compositions 
based on copolymer resins; and 
3) rigid compositions based on 
straight polyvinyl chloride resins. 
All of these materials are usually 
supplied in the form of granules 
or cubes, although some are oc- 
casionally available in powder 
form. The _ elastomeric 
containing plasticizers, fillers, 
colors, lubricants, heat and light 
stabilizers, etc., can be handled 
quite readily in molding machines 
of conventional design. The rigid 
copolymers, containing stabilizers, 
lubricants, and colors, but no 
plasticizers or modifiers, are 
somewhat more difficult to mold 
by conventional methods. The 
straight PVC rigids are also com- 
pounded with the usual stabiliz- 
ers, lubricants, and colors but are 
further classified into two types: 
Type I materials possess high 
heat-distortion points and out- 
standing chemical _ resistance; 
Type II formulations have excep- 
tional impact resistance, but at a 
slight sacrifice in heat-distortion 
temperature and chemical resist- 
ance. Both Type I and Type II 
rigid PVCs are very difficult, if 
not impossible, to mold in conven- 
tional machines. Heat alone (be- 


vinyls, 
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low the thermal decomposition 
point) does not reduce the vis- 
cosity sufficiently for satisfactory 
molding. The flow curves of these 
materials indicate that they are 
somewhat thixotropic in nature 
and the employment of shear and 
agitation immediately prior to 
injection molding aids consider- 
ably in reducing the viscosity, 
thus producing a more strain-free, 
homogeneous molded part. A 
screw-preplasticating type of ma- 
chine, therefore, is recommended 
for these materials. 


Handling procedures 


Predrying: Because of the ex- 
tremely low moisture absorption 
of vinyls, predrying is not nec- 
essary. Preheating of the material 
is occasionally used to help 
shorten cycle times, this practice 
being applied primarily with 
molding compounds in the pow- 
der form rather than from cubes. 

Handling: Normally, no diffi- 
culties are encountered in mold- 
ing vinyl as long as time and 
temperature recommendations are 
followed. However, a considerable 
amount of HC1 gas can be evolved 
if the compound decomposes due 
to exposure to excessive tempera- 
tures over a period of time. 


In general, the conventional 
mold design practices used with 
other molding materials should 
also be applied to vinyls. Adjacent 
thick and thin sections are to be 
avoided in the design of the piece, 
if possible, since this will lead 
to uneven cooling and shrinkage 
with resultant tendencies towards 
warpage and/or sink marks. Fil- 
lets should be used in corners, 
wherever possible, to minimize 
the possibility of flow lines and 
areas where high stress concen- 
trations may occur. 

Since vinyls set up compara- 
tively slowly in the mold, they 
have a tendency to flash at the 
pressures required to give full 
shots. High clamping pressures 
and plane mold faces eliminate 
this problem but at the same time 
make it necessary to pay particu- 
lar attention to venting in order 


to avoid the formation of air 
pockets or blisters. 

Vinyls reproduce mold surfaces 
with very great fidelity, so special 
care must be used in the finishing, 
handling, and maintenance of the 
molds. If a high gloss is desired 
on the finished piece, the cavities 
must be polished to mirror- 
brightness. Avoid rounding the 
edges of the cavities at the parting 
line as this wiil usually cause 
feather-edge flashing which is un- 
sightly and difficult to trim. 

Removal of the finished pieces 
from the mold does not normally 
present any problems, even in 
cases where fairly deep undercuts 
are involved. With the harder 
compounds, properly placed 
knock-out pins are adequate; 
with the softer materials, an air 
blast is often used to eject the 
parts, or they may be stripped 
out by hand quite readily. 

Runners: In designing the mold, 
account should be taken of the 
fact that vinyls form a rather 
viscous melt. With undersized 
runners, it may be very difficult, 
if not impossible, to fill the mold 
cavities completely. In practice, 
it has been found that full round 
runners from “6 to % in. in 
diameter are most satisfactory. 
The sprue bushing itself may 
taper to 34 or ¥% in. in diameter. 

Runners in a multicavity mold 
should be laid out so that the 
material flows the same distance 
to each cavity. Gates should be 
adjusted to give uniform filling 
times. 

An important feature in runner 
design is the liberal use of cold- 
slugs or cold-wells to trap out 
the leading edge of chilled mate- 
rial flowing through the runners. 
If this material enters the mold 
cavity, it can cause many ap- 
pearance defects, such as flow 
lines, weld lines, orange peel, 
etc. These cold-wells should not 
only be placed at the end of the 
main runner, they should also be 
placed in the secondary runners 
just before the gates. 

Gating: The subject of gating 
is still a controversial one. Ad- 
vantages and disadvantages can 
be found for all of the types which 
have been used. However, a small 
gate in the neighborhood of 30 mils 
in diameter has proven satisfac- 
tory in most cases (see Table I, 
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below). Its use generally pro- 
motes a better surface gloss on 
the molded articles because of 
frictional heat build-up as the 
material enters the cavity. There 
is no degating problem, and there 
is less tendency for shrinkage of 
the molded piece at the gate sec- 
tion. 

In most cases, gates should be 
full round and as small in diam- 
eter as possible without creating 
the need for excessive molding 
pressures. For a large molded 
piece, an undersize gate results 
in excessive mold filling time with 
a resultant inferior molding (dull 
streaks, poor welds, etc.). 

Materials of construction: Tool 
steel is generally used in the 
construction of molds for vinyl, 
although beryllium copper is oc- 
casionally used. The pores of an 
unplated steel mold tend to ab- 
sorb HCl during use. This sen- 
sitizes the metal to corrosion and 
it will rust readily, destroying the 
surface finish. For this reason, 
hard-chrome-plating over a cop- 
per and nickel underplating is 
strongly recommended. Flash- 
chroming is to be avoided, since 


it tends to be quite porous. HCl 
will penetrate these pores, cor- 
rode the surface of the steel un- 
derneath, and cause the plating to 
flake off. It is good practice with 
plated molds, and essential with 
unplated molds, to wipe on a 
generous coating of light oil any 
time the mold is not in use, even 
if only for a few hours. 


Molding equipment 


Cylinders: It is desirable to 
operate injection molding ma- 
chines at less than rated capacity 
when running vinyls, because of 
their relatively low heat con- 
ductivity. A figure often used is 
75% of rated capacity, which in- 
cludes sprue, runners, and cavi- 
ties. Some molders have over- 
come this necessarily lowered ca- 
pacity by replacing the standard 
cylinder with an extra-capacity 
cylinder. This method permits a 
larger shot size and if properly 
used can actually result in better 
moldings. The temperatures used 
with an extra-capacity cylinder 
are generally lower than those 
required with a standard cylinder 
since the stock travels through 


more slowly and has more time 
to become plasticated. These 
lower temperatures minimize the 
chance of decomposition due to 
localized overheating. 

Cylinders and spreaders used 
for vinyls must be designed to 
give good streamlined flow, as 
any material trapped in dead 
areas will soon decompose. A 
highly desirable design feature is 
a spreader which can be rather 
easily removed for periodic clean- 
ing and inspection of the cylinder. 

Recommended materials of 
construction for cylinders and 
spreaders are chrome-plated steel 
and Hastelloy C. Beryllium cop- 
per may also be used for spread- 
ers. Hastelloy C is used as a liner 
and offers very good protection. 
It is somewhat expensive but for 
a machine being used constantly 
on vinyls, it may prove to be a 
worthwhile investment due to 
lower maintenance costs. It is 
possible to use plain carbon steel 
if very tight temperature control 
can be guaranteed. However, 
since iron tends to accelerate the 
decomposition of vinyls, acciden- 
tal overheating could result in 





TABLE I: Injection molding characteristics of vinyls 
(Recommended molding conditions for various section thicknesses) 





Thickness of section: 


(Flexible vinyl) 
less than ¥% in. 


(Flexible vinyl) 
% to Y% in. 


(Rigid vinyl) 
over ¥% in. 





A. Temperatures, °F. 
rear cylinder 
mid cylinder 
forward cylinder 
nozzle 
mold face or mold coolant 
melt leaving nozzle 


. Pressure exerted on material by ram. 


p.s.i. 
1) in standard cylinder 


2) in injection cylinder of preplasticat- 


ing machine 
>. Timing 


1) total cycle (including mold-open| 


time), sec. 
2) ram forward time, sec. 


. Recommended gate dimensions (assum- 
ing cavity volumes of 1, 4, and 16 cu. in. 
for the three section-thickness classes) 


If round, diameter, mils 
land length, mils 


290-330 
300-340 
310-350 
320-360 
110-140 
320-360 


10,000-20,000 











290-330 
300-340 
310-350 
320-360 
110-140 140 
320-360 


10,000-20,000 


310-330 
320-340 
330-350 
340-360 


350-370 


20,000-30,000 


250-500 
Small as possible 





If rectangular, depth, mils 20 250 
width, mils 60 500 
land length, mils 60 Small as possible 
>. Shrinkage allowance, mils/in. Without annealing Without annealing Without annealing 
10-30 10-30 4-6 
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Socket-type solvent welding drainage fittings, molded of vinyl, 


offer low cost, ease of installation, and corrosion resistance. (Photo, 


Tube Turns Plastics) 


extreme pitting, essentially de- 
stroying the usefulness of the 
cylinder. A chrome-plated, car- 
bon-steel cylinder is probably the 
most practical choice, considering 
both cost and _ serviceability. 
Again, as in the case of molds, 
it should be noted that chrome 
plating can be quite porous if not 
carefully done and if such por- 
osity exists, the base metal can 
corrode and cause the chrome to 
flake off. 

Nozzles: Special nozzles are not 
usually required with vinyls, al- 
though there are a few places 
where they may prove helpful. 
For example, when sprue-gating 
or center-gating precludes the 
use of cold-wells, a reverse taper 
nozzle will generally assist in the 
elimination of wavy or dull areas 
around the gate. Improved gloss 
and surface finish may sometimes 
be obtained by using a small 
nozzle opening for extra frictional 
heat build-up, providing, of 
course, that its use does not nec- 
essitate an excessive increase in 
pressure requirements or mold fill 
time. Dispersion nozzles can be 
used to promote color develop- 
ment and uniformity in cases 
where color pigments have been 
added by tumble mixing. 

The nozzle should be equipped 
with heater bands powered 
through a variable transformer 
or other suitable means of ad- 
justing temperature. Heat car- 
ried forward from the cylinder, 
if relied upon alone, does not 
permit sufficient control. Supple- 
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mental heaters of 100 to 200 watts 
capacity should be adequate in 
most cases. 


Molding conditions 


See Table I, p. 715. As men- 
tioned previously, there is such 
a wide variety of vinyl com- 
pounds available that the mate- 
rial supplier should always be 
consulted for complete informa- 
tion concerning each specific com- 
pound to be run. 

In setting up a machine on 
vinyls, the start-up procedure 
described under “Purging” should 
be followed. Start out with a 
relatively long cycle and low tem- 
peratures, then slowly increase 
temperatures until full shots are 
obtained. Take care to prevent 
temperatures from overshooting 
the set values. Always allow 
ample time after each adjustment 
for conditions to stabilize before 
making further adjustments. Once 
the cycle has been established, it 
should be maintained with as 
little variation as possible. 


Purging 


It is of prime importance to 
keep the stock moving through 
the cylinder once temperatures of 
250° F. or above have been at- 


tained. During start-up, occa- 
sional purge shots should be 
taken, increasing the frequency 
as the machine approaches mold- 
ing temperature. Once in opera- 
tion, the machine should never 
be allowed to stand idle, even for 
a few moments, or degradation 


and scorching will occur. For 
emergency maintenance or other 
temporary delays, shots should 
be purged through at a rate ap- 
proximating that of the normal 
cycle time being used. In shutting 
down, the reverse of the heat-up 
procedure is followed, the heaters 
being turned off and the machine 
run or “flush cooled” to below 
250° F. 

If any discoloration is noted 
during regular operation, the 
temperatures should be lowered 
immediately and purge shots 
made until unfluxed material 
starts coming from the nozzle. 
Operation should then be re- 
sumed at lower temperatures. 

Cleaning of the cylinder at reg- 
ular intervals is good practice. 
This may be accomplished by 
thoroughly purging with a hard 
vinyl compound or one of the 
commercial purging compounds 
made especially for this purpose. 
Some have found that reground 
styrene saturated with a liberal 
quantity of mineral oil works well 
when allowed to sit in the cylin- 
der for a few minutes. The min- 
eral oil loosens any deposits and 
allows the hard styrene to scrape 
the walls clean. Temperatures 
should not exceed 300° F. 

In the event of serious decom- 
position, it may be necessary to 
disassemble the cylinder and 
spreader for thorough cleaning. 

Since it is difficult to flush out 
other molding materials with the 
softer vinyls, it often pays to have 
an extra cylinder for vinyls only. 
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Check list of: 


Injection Molding 
Defects and 


CELLULOSICS 
Defect: Incomplete or short shots 
Possible causes 
[] Material temperature too low 
(J Injection pressure too low 
} Insufficient feed 
Excessive feed build-up in cylin- 
der 
} Machine undersized for shot size 
Excessive restriction in plastic 
flow due to undersized nozzle ori- 
fice, runners or gates 
Inadequate venting of cavities 
Defect: Sink or shrink marks 
Possible causes 
Insufficient pressure 
Ram forward time too short 
Insufficient feed 
Material too hot 
Improperly located gate (relocate 
large gate to heavy section of 
part, or if a restricted gate to thin 
section) 
Defect: Mica specks, bubbles, 
or surface blisters 
Possible causes 
1) Material insufficiently dried 
Material too hot 
Contamination 
] Insufficient pressure 
] Excessive mold lubricant 
Defect: Poor welds, flow marks 
Possible causes 
[] Material too cold 
] Inadequate pressure 
“Worming” or “jetting” caused by 
improper gate location or direc- 
tion of entry into cavity. 
Mold too cold 
Defect: Brittleness 
Possible causes 
] Molding temperature too low 
] Material breakdown 
] Improper material formulation for 
part 
}] Poor welds 
Defect: Moist surface or cloudy 
appearance of moldings 
Possible causes 
) Insufficient mold venting 
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Check list for TFCE Resins pPupeset by 
J}. A. Jupa, Minnesota Mining and Mfg. 

heck oo. for Nylon 6/6 prepared by sd 
Paggi, I. du Pont de Nemours & Co., Inc.; 
heck lise for Nylon 6 prepared by Robert F. 
Flaherty, Plastics and Coal Chemicals Div., 
\llied Chemical Corp.; check list for Poly- 
thylene prepared by K. A. ufmann and 

S. Imig, Spencer Chemical Co.; check list 
Styrene prepared by L. W. Meyer, The 
Dow Chemical Co.; check list for 
repared by Charles C. Swearingen, B. 
ioodrich Chemical Co. 


Causes 


[] Material or mold too cold 

C] Improper material formulation 
] Material improperly dried 

() Excessive mold lubricant 


TFCE RESINS 
Defect: Short shots 
Possible causes 
Pressure too low 
Cycle too short 
Temperature too low (as a last 
resort, raise temperature) 
Defect: Bubbles, large 
(vacuum bubbles) 
Possible causes 

(1 Die temperatures too low 

) Cylinder temperatures too high 

] Length of dwell too short 

Defect: Many fine bubbles (indicates 
excessive material breakdown) 

Possible causes 
() Cylinder temperatures too high 
(1 Shorten cycle, if possible 
Defect: Brittleness 
Possible causes 
(]) Cylinder temperatures too high 
Defect: Poor weld 
Possible causes 

[) Die temperature too low (raise to 
a maximum of 320° F.) 

[) Pressure too low (open gates and 
runners to increase effective pres- 
sure) 

Defect: Frosted appearance 
Possible causes 

[) Material or die temperature too 

low 
Defect: Discoloration 
Possible causes 
(J Contamination at any of several 
points 
Defect: Variable fill 
Possible causes 
(1) Non-uniform feed 
Defect: Flow marks 
Possible causes 
[] Die temperature too low 


NYLON 6/6 
Defect: Blisters and splay marks 
Possible causes 
[] Wet or overheated materials 
[] Slow filling of mold 
(] Front of cylinder too hot, rear too 
cold 
Defect: Weld marks 
Possible causes 
[] Material too cold 
[] Pressure too low 
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C) Slow filling of mold 
[] Poor venting 


Defect: Burn marks on surface 
Possible causes 
} Poor venting 
() Filling too fast 


Defect: Discoloration or 
brown streaks 
Possible causes 
[] Rear heat of cylinder too high 
(] Too much wattage over section of 
cylinder where injection ram 
works 
C Insufficient pad of material be- 
tween ram and cylinder after shot 
is taken 
C) Ram out-time too long 
[) Long delays between cycles 
[] Machine operating a short time 
after start-up 


Defect: Reduced toughness 
Possible causes 

] Wet or overheated material 

C] Mold too hot 

() Non-uniform wall sections in part 

(1) Sharp angles in flow within the 
cavity (where possible, use radius 
at meeting of any two sections) 

[) Wrong position of gate (do not 
locate gate at any point where 
flexing occurs) 

( Gate too sharp at entry to cavity 
(blend with generous radius) 

(.) Excessive dirt, fillers, or pigments 
used in material 


Defect: Inability to hold dimensional 

tolerances 

Possible causes 

() Erratic performance of hydraulic 
or electric systems of machine 
Non-uniform cycles 
Gates too small and/or too long 
Runner system too long or too 
complex 
Too many cavities 
Worn clamp platen bearings 
Mold leader pins binding 
Non-uniform feeding of material 
Material not uniformly dried 
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Defect: Ejection difficulties 
Possible causes 
C) Insufficient draft angle 
Cavity surfaces too smooth 
Cycle too short or too long 
Material injected too hot 
Wrong type of knock-out 





Wall sections too thin 
Pressure too high or low 
Defect: Internal voids 
and surface sinks 
Possible causes 

Pressure too low 

Cycle too short 

Filling rate too fast 


[} Material too hot 


Gates too long and/or too small 
Runners too small 

Lack of radii in flow stream 

NYLON 6 
Defect: Variations in dimensions 
Possible causes 

[} Non-uniform feeding of material 

| Large variations in cylinder tem- 
peratures caused by inadequate or 
defective controllers 
Too many cavities necessitating 
the use of a complex runner sys- 
tem 

| Non-uniform gates 

| Reground material not uniformly 
mixed with virgin 
Material placed in the hopper at 
non-uniform temperature 

] Non-uniform time cycles—op- 
erator varying mold—open time 
between shots 


(} Inconsistent mold clamping or in- 
jection pressure 
Defect: Flashing 
Possible causes 
| Cavity plates dented or warped 
Mold clamping pressure not prop- 


erly adjusted 

| Material overheated 

| Injection pressure too high 
Inadequate venting or vents 
blocked 

Defect: Spray marks (silver streaks 
on the surface of the molding) 

Possible causes 
| Wet material 
| Material overheated 


[} Low boiling wetting agent used 


for dry blending material with 
pigment 
Defect: Weld marks 
Possible causes 
[] Inadequate or blocked vents 
| Mold too cold 
] Material too cold 
| Pressure too low 
} Injection rate too slow 
Defect: Burn marks 
Possible causes 
] Material overheated 


[] Injection rate too fast 


] Inadequate or blocked vents 
Defect: Voids and sink marks 
Possible causes 

] Gates too long and/or too small 

| Materials overheated 
Feed backed up causing high loss 
of injection pressure 

] Injection pressure too low 


() Sprue and/or runners too small 


Cycle too short 


[] Injection rate too fast 
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} Contamination or 


De... Discoloration 
Possible causes 
Material overheated in injection 
cylinder 


| Material oxidized by drying too 


long and/or at too high a temper- 
ature 


[} Discolored material not purged 


during start-up 
Defect: Ejection difficulties 
Possible causes 


| Cycle too short 
~} Material too hot 
] Poorly designed knockout system 


Injection pressure too high 


q Inadequate draft angles 


Mold too hot 
Defect: Lack of toughness 
(brittleness) 
Possible causes 
Wet or overheated material 


[) Gate located improperly (do not 


locate the gate at a point of high 
stress) 

Sharp turns in the flow within the 
cavity 

excessive 
amount of fillers or pigment in 
material. 


POLYETHYLENE 
Defect: Incomplete or short shots 
Possible causes 


] Insufficient pressure 
| Insufficient feed 
] Stock temperature too low 


Mold temperature too low 


} Insufficient injection time 
[) Foreign material clogging nozzle 


or gates 
Defect: Sink or shrink marks 
Possible causes 
Insufficient pressure 


[) Insufficient dwell time 
| Gates, runners or sprue too small 


Stock temperatures too high 
Defect: Bubbles 
Possible causes 

Stock temperature too low 

Insufficient pressure 

Defect: Voids 
Possible causes 


} Stock temperature too high 


Mold temperature too low 
Insufficient dwell time 
Insufficient pressure 
Gates too small 
Defect: Delamination 
Possible causes 


| Stock temperature too low 
[] Injection time too long if around 


gate 
Defect: Poor welds 
Possible causes 


[] Stock temperature too low 
] Improper gate location or type of 


gate 


] Injection pressure too low 


Defect: Flow marks 
Possible causes 
Stock temperature too low 


Incorrect injection pressure 
Defect: Brittleness 
Possible causes 


"] Stock temperature too low 


Mold temperature too high 
Degraded material in cylinder 
Defect: Poor color dispersion 
Possible causes 


"| Gates too large 


No dispersion nozzle 

Pigment agglomeration from add- 
ing too much coloring aid and 
tumbling too long 


STYRENE 
Defect: Silver streaking 
Possible causes 


"] Plastic temperature too high 
[] Mixture of coarse and fine gran- 


ules (as with reground) 
Exceeding plasticizing capacity of 
machine in pounds per hour 


] Air trapped between granules in 


cold end of machine 
Moisture on granules 
Intermittent flow in the cavity 


5 Injection speed too fast 
} Mold temperature too low 


Defect: Black streaks 
Possible c1uses 
Frictional heat caused by move- 
ment of cold granules past one 
another and compression of air in 
feed end of cylinder 
Air trapping in mold 


[) Plunger off center, causing fric- 


tion burning of material between 
plunger and cylinder wall 
Plastic burning in nonstreamline 
areas or cracks in heating cylinder 
Defect: Bubbles 
Possible causes 


[] Not enough plastic in the mold 


to provent excessive shrinkage 
due to: a) heavy sections, bosses, 
and ribs; b) injection pressure too 
low; c) plunger forward time too 
short; and d) insufficient feed 


-} Mositure on granules 
[) Non-uniform mold temperature 
] Air trapping 


Defect: Sink marks 
Possible causes 


| Not enough plastic in the mold to 


allow for shrinkage due to: a) 
thick sections, bosses, ribs, etc.; 
b) not enough feed; c) injection 
pressure too low; d) plunger for- 
ward time too short; e) unbal- 
anced gates; and f) injection speed 
too slow 


] Plastic too hot 
}] No cushion in front of injectior 


ram 


Defect: Poor or obvious weld lines 


Possible causes 


7 Plastic too cold 
1 Excess mold lubricant on mold 
"] Weld line too far from gate 


Air unable to escape from mol: 
fast enough 
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Section thickness variation within 
part 
Mold too cold 
Insufficient pressure 
Slow injection speed 
Defect: Poor surface 
Possible causes 
Mold too cold 
Injection pressure too low 
Water on mold face 
Excess mold lubricant on mold 
Not enough plastic into mold to 
contact mold metal at all points 
Slow ram speed 
Excessive internal 
lubricants 
Defect: Warping 
Possible causes 
Part ejected too hot 
Plastic too cold 
Variation of section thickness or 
contour of part 
Unbalanced gates on parts having 
more than one gate 
Excessive material 
from or packed 
around the gate 
Defect: Parts sticking in the mold 
Possible causes 
Injection pressure or 
temperature too high 
| Too much feed 
] Plunger forward time too long 
] Unbalanced gates in multicavity 
molds or single cavity molds with 
two or more gates 
| Undercuts in mold 
| Vacuum under deep draw part 
Defect: Brittleness and crazing 
Possible causes 
| Packing excess plastic into mold 
] Plastic too cold 
| Oil and grease on knockout pins 
| Mold temperature too low 
Molding general-purpose poly- 
styrene around metal inserts 
Defect: Short shots 
Possible causes 
Cold material 
Cold mold 
Insufficient pressure 
Poor venting 
Insufficient plunger forward time 
Improper balance of plastic flow 
in multiple cavity molds 
Insufficient injection speed 
Defect: Flash 
Possible causes 
Material too hot 
Pressure too high 
Excessive feed 
Poor parting line or mating sur- 
faces 
Insufficient clamp 
Defect: Sprue sticking 
Possible causes 
Excessive pressure 
Hot material 
Insufficient draft 
Improper fit between sprue bush- 
ing and nozzle 


or external 


discharged 
into the area 


cylinder 


O 
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1) Holding 


Undercuts or rough surtace 
Long plunger dwell 
Defect: Erratic cycles 
Possible causes 
gates open 
lengths of time 


various 


[] Erratic pressures 
_] Erratic feed 


Defect: Long cycles 
Possible causes 


} High material temperatures 
| Mold temperature excessive 
_] Insufficient heating capacity 


-) Excessive flash requiring operator 


trimming 
Defect: Flow lines and folds 
Possible causes 


] Plastic cold 
|} Mold cold 


Gates too small 


_] Non-uniform section thickness 


Defect: Dimensional variation 
Possible causes 


| Molding conditions erratic 
_] Variation in ambient air temper- 


ature 
Defect: Low heat distortion 
temperature 
Possible causes 
Excessive pressure 


| Excessive plunger dwell 
] Excessive mold temperature 


Gate slow freezing 


| Variations in section thickness 
| Too low mold temperature 


| Incorrect 


cylinder temperature 
relative to mold temperature 


VINYLS 
Defect: Incomplete or short shot 
Possible causes 


C] Insufficient feed 
— Insufficient pressure 
[] Stock too cold (or too short a 


cycle) 


] Too short ram forward time 


Cylinder packing, excessive feed 
Improper venting of the mold 


[] Gate too small for cavity size 


Defect: Sink or shrinkage marks 
Possible causes 
Insufficient feed 
Insufficient pressure 
Too short ram forward (short shot 
or back flow) 


| Improper mold gating 


[j Improper mold design (adjacent 


thick and thin sections) 
Defect: Smudges, orange peel 
(generally around the gate) 

Possible causes 


[] Too long ram forward time 


Injection pressure too high 

Stock temperature too high 

Defect: Dull streaks, flow lines 
Possible causes 


] Stock temperature too low 
} Runners too small 


Improper gate size and/or location 


-} Stock too hot (if discolored) 
[] Inadequate cold-wells 
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Defect: Weld lines 
Possible causes 
[] Stock temperature too low 
Runners too small 
(1 Inadequate cold wells 
| Improper gate size or location 
Improper mold design (very long 
thin sections) 
~] Mold too cold 
Defect: Flashing 
Possible causes 
Injection pressure too high 
[] Insufficient clamping pressure 
[] Stock temperature too high 
] Mold faces not plane and parallel 
Improper venting (one cavity 
flashing while another fails to fill) 
Defect: Blisters or bubbles 
Possible causes 
Stock temperature too high (gen- 
erally accompanied by decom- 
position) 
Trapped air due to improper 
venting (often occurring in the 
corners of raised letters or de- 
signs, etc.) 
Defect: Burned spots 
Possible causes 
[] Too high a ram speed 
[] Improper venting (air compres- 
sion burns) 

[ Stock temperature too high 
Defect: Excessive shrinkage at gate 
Possible causes 
[7 Stock temperature too low or too 

high 
Insufficient ram forward time 
Defect: Warping 
Possible causes 
Excessive ram forward time 
Insufficient cooling in mold (too 
short a cycle) 
Improperly designed knockouts or 
ejectors 
Defect: Stock discoloration or 
breakdown 
Possible causes 
[ Stock temperature too high 
[] Cycle too long or erratic 
Gate too small (frictional heat 
breakdown) 

[ Machine not properly purged dur- 
ing start up or shut down 
Defect: Black flecks but no 
discolored streaks 
Possible causes 
-] Decomposed material from previ- 
ous runs flaking off the cylinder 

walls 


* It is important to note that the 
remedies suggested above may 
not be the only solution to a 
molding difficulty and that other 
suggested remedies should also be 
considered. Most often, the proper 
balance of molding conditions, 
design suggestions, and material 
suggestions is the final solution to 
a molding problem. 





Compression and Transfer Molding 





IN THIS SECTION 


Melamine Formaldehyde .... 
Phenolics 


Urea Formaldehyde 
Tetrafluoroethylene 





F.. a clearer understanding of 
the recommendations contained in 
the individual articles that follow 
on the compression and transfer 


molding of specific plastics mate- 
rials, this introductory section 
covering basic over-all techniques 
has been prepared. 


COMPRESSION MOLDING: Introduction 





BY E. VAILL* 


Compression and transfer mold- 
ing are frequently considered 
under the one heading of com- 
pression molding. Molding of 
thermosetting materials was 
originally done by the compres- 
sion technique. In this method, 
the material, either loose or pre- 
formed, is charged into a heated 
mold. The mold is closed, gen- 
erally under low pressure, until 
the two halves of the mold exert 
pressure on the material. Under 
this heat and pressure, the ma- 
terial softens. As the mold con- 
tinues to close, the softened 
material is forced into all parts 
of the cavity. Just before the mold 
is completely closed, high pressure 
is exerted and causes final and 
complete filling out of the mold. 
The high molding pressure is con- 
tinued for the necessary period 
of time required for curing. Then, 
the mold is opened, and the 
molded part is removed. 
Transfer molding: In more re- 
cent years the transfer type of 
molding has come into promi- 
nence because of the advantages 
offered in filling intricate shapes 
and multiple cavities. Briefly, in 
transfer molding the material is 
charged into a pot and forced 
through runners into the closed 
mold cavity. In most cases, the 
material is heated prior to being 
charged into the pot. Pressure is 
applied for the time necessary for 
cure, after which the mold is 
* Technical service engineer, Bakelite Co., Div. 


of Union Carbide Corp., 30 E. 42 St., New 
York 17, N. ¥ 
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opened and the parts removed. In 
this operation, a cull is usually 
left in the pot, and this must be 
removed before the next cycle. 

Plunger molding: Plunger 
molding is a special type of trans- 
fer molding in which the material 
is charged into a_ cylindrical 
chamber open at one end and con- 
nected to the mold cavities by 
runners. 


Types of material 


The materials most generally 
molded by these two methods are 
alkyds, melamine formaldehyde, 
urea formaldehyde, and phenolics. 
With regard to thermoplastic 
types, the principal use for com- 
pression molding is in the cycled 
molding of rigid vinyl and styrene 
sound records. Transfer or 
plunger molding of thermoplastic 
materials is not extensively used 
in the molding trade. Recent 
work, however, has shown that 
rigid PVC can be high-frequency- 
preheated and plunger molded. 
Tetrafluoroethylene (TFE) resins 
find many molding applications 
because of the excellent thermal 
stability exhibited. 


Preheating 


Preheating of the molding ma- 
terial prior to charging the mold is 
a basic element of most molding 
operations today. It reduces the 
pressure required to mold a given 
piece, shortens cure time, es- 
pecially where thick sections are 
involved, and is a prerequisite for 


plunger molding. In addition, pre- 
heating permits the molding of 
pieces with intricate or delicate 
inserts and, to some degree, de- 
pending on the method, dries the 
material to give improved elec- 
trical properties and reduced 
shrinkage. Of the three general 
types of preheating—electronic, 
steam, or dry-air—the electronic, 
or high-frequency method is most 
frequently used. 

Electronic preheating offers the 
advantage of very fast uniform 
heating throughout the mass of 
material. This directly implements 
savings in cure time, which tend 
to offset the initial cost of elec- 
tronic preheating equipment. The 
economic advantages of electronic 
preheating and automatic molding 
have been combined during the 
past few years into a single auto- 
matic process. In such an opera- 
tion, the powder or preformed 
material is electronically pre- 
heated, automatically transferred 
to the compression or plunger 
molding press, and automatically 
molded and ejected. 

Where_ improved _ electrical 
properties are important, dry-air 
preheating is of definite value be- 
cause it removes moisture most 
effectively. It is the slowest pre- 
heating method, but it can be ac- 
complished with simple equip- 
ment. 

Steam or moist-air preheating is 
a simple method of preheating but 
is much slower than high-fre- 
quency preheating and, generally, 
is in very limited use at the pres- 
ent time. Because it introduces 
moisture into the material, it may 
also adversely affect the electrical 
properties of the molded part. 


Compression molding 


Compression molding is the pre- 
ferred method for producing parts 
of large area or deep draw. Fur- 
niture drawers, radios, and hous- 
ings for instruments, meters, office 
and business machines, and sim- 
ilar box-like structures are usu- 
ally compression molded. This 
type of molding is also commonly 
employed for large-scale produc- 
tion of simply designed pieces 
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such as closures, tube bases, but- 
tons, and wiring devices. 

Compression molding is not nor- 
mally recommended in the mold- 
ing of intricately designed articles 
containing undercuts, side draws, 
small holes, and inserts. The flow 
of the material under high pres- 
sure may distort or break pins and 
dislodge inserts. Such parts should 
usually be made by plunger mold- 
ing. However, the use of electron- 
ically preheated powder in com- 
pression molding appears to be 
overcoming most of these disad- 
vantages and may broaden the 
use of compression molding. 

Molds: Compression molds are 
generally of five different types, 
as discussed below. 

The fully-positive mold (see 
Fig. 1, right), which permits al- 
most no material to escape during 
molding, produces a piece of max- 
imum density since the full pres- 
sure developed is exerted on the 
material. It is unsuitable, however, 
for use in multiple-cavity molds 
since it produces pieces whose 
dimensions vary with the charge 
weight. 

Arrangements are therefore 
commonly made, by several types 
of cut-off, to permit the escape 
of excess material. In molds of 
the flash type (see Fig. 2, right), 
the overcharge escapes relatively 
easily through the narrow space 
between the lands as the mold 
closes. The pressure on the mate- 
rial is therefore lower and the 
density of the piece is less. This 
method of molding is inexpensive, 
maintains constant piece dimen- 
sions, and permits the molding of 
thin-walled pieces. In molds of 
the semipositive and landed-pos- 
itive type (see Figs. 3, 4, and 5, 
p. 722), the halves of the mold 
telescope to some degree, thus 
providing better transmission of 
pressure to the material than is 
possible in the flash type. Gener- 
ally, sufficient clearance is al- 
lowed between telescoping parts 
to permit the escape of excess ma- 
terial. It should be mentioned that 
in any type of landed mold some- 
what less than the total pressure 
developed will be transmitted to 
the material. 

In fully-automatic compression 
molding, where poor release may 
‘onstitute a serious problem, cer- 
tain additional design features 
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must be considered. Flash re- 
lease in internally landed-positive 
molds is improved by elimination 
of radii in the bottom of the load- 
ing chamber and in the outer edge 
of the flash ring or the force. The 
provision of one or more flutes in 
the telescoping sections provides 
reinforcing ribs in the flash and 
thus facilitates its removal as a 
unit with the piece. 

Molding methods: Molding 
methods may be classified accord- 
ing to the use of hand molds, and 
semi-automatic and fully auto- 
matic equipment. When hand 
molds are used, the mold is as- 
sembled and charged on the 
bench, transferred to a press, and 
then disassembled and discharged 
on the bench. This method is used 
only with intricate molds and for 
extremely short runs. 

In semi-automatic molding the 
mold is mounted in the press, 
with knockout pins, and is charged 
and discharged manually. Presses 
of this type may be manually con- 
trolled or of semi-automatic op- 
eration. The greatest volume of 
molding, particularly of large 
pieces, is performed on equipment 
of this nature. 

Several automatic machines 
may be run by one operator, who 
provides a supply of material for 
each machine and periodically re- 
moves accumulated pieces which 
have been automatically molded 
and discharged. This method, em- 
ployed for extremely long runs of 
small pieces such as closures and 
tube bases, is gaining increased 
recognition because of the labor 
savings permitted. 


Transfer or plunger molding 


Transfer or plunger molding 
has several advantages to offer 
over compression molding. The 
filling of intricate molds or molds 
with long core pins or inserts is 
accomplished better by transfer 
or plunger molding. In addition, 
shorter molding cycles may be 
possible with this type of mold- 
ing. There are two reasons for 
this: 

1) The loading time is usually 
shorter since fewer and larger 
preforms are used. These can be 
preheated more rapidly and ef- 
fectively in electronic and steam 
preheating equipment. (Some 
electronic preheaters are in use 
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Fig. 1: Fully-positive com- 
pression mold 
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Fig. 2: Flash type compres- 
sion mold 


with loading boards for multiple- 
cavity compression molds.) 

2) Shorter curing times are pos- 
sible, particularly in thick sec- 
tions. This is true because the 
material is further heated as it is 
forced through the gate, and the 
volatiles escape through vents 
and clearance spaces around mov- 
able pins. 

Easier finishing is also possible 
with transfer molded articles 
since flash is quite thin or non- 
existent. Gates can usually be 
made sufficiently thin, and so lo- 
cated, that their removal is easy 
and inexpensive. 

There are several disadvantages 
of transfer or plunger molding 
when compared with compression 
molding. The material left in the 
pot and runners is completely re- 
acted and must be discarded. This 
loss is unavoidable and can rep- 
resent a sizable percentage of 
weight of the pieces molded. 

Loss of mechanical strength 
with higher impact materials con- 
taining fibrous fillers may occur in 
transfer molding. Furthermore, 
transfer molding is less adaptable 
to the fabrication of large pieces. 

Molds: Experience with differ- 
ent types of presses and mold de- 
signs indicates the following to be 
good practice. Individual hard- 
ened steel cavities should be 
mounted in the chase plate, which 
should be cored for steam-heat- 
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Fig. 3: Semi-positive com- 
pression mold 


ing. Runners and gates should be 
hardened. The cavity and chase- 
plate land areas should be ground 
and polished to insure maximum 
surface contact when the mold is 
closed. This prevents flashing of 
the material from cavities and 
runners. The mold should be ade- 
quately supported directly under 
the pressure chamber to insure 
against distortion or sagging. If 
this precaution is not taken, mold 
distortion will result and cause 
flashing and nonuniform filling. 
The gate to the cavity should 
be located on an easily-accessible 
surface so that its removal may 
be accomplished by a simple fin- 
ishing operation. Care should be 
taken not to gate the cavity di- 
rectly opposite a mold pin or other 
protrusion in the mold. Gating at 
such a point will cause material 
entering the cavity to divide into 
two or more streams, tending to 
cause weld marks and knit-lines 


Fig. 4: Internally landed 
positive mold 
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Fig. 5: Externally landed 


positive mold 
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and to decrease the physical 
strength of the molded piece. Gate 
size may range from pin-point to 
0.500-in. wide and 0.125-in. deep. 
In the molding of comparatively 
small pieces, a gate 0.100-in. wide 
and 0.015-in. deep will usually 
prove satisfactory. 

Proper venting of the mold is 
essential to permit the escape of 
air trapped in the mold prior to 
injection of the material. Vents 
should be located on the same half 
of the mold as the runners, at the 
point which fills out last. This is 
generally furthest from the gate, 
thus facilitating the sweeping out 
of air and preventing gas entrap- 
ment. Vents 0.002-in. deep and 
1, 4- to %-in. wide are adequate. 

Molds used in plunger molding 
are normally multiple cavities. 
However, the number of cavities 
possible in a plunger mold is less 
than that possible with a com- 
pression mold. As a rule, plunger 
molding is performed on semi- 
automatic equipment. Fully-auto- 
matic machines are being used, 
particularly for small pieces. 


Mold and part design 


In designing a part to be molded, 
adequate draft must be provided to 
permit easy removal of the piece. 
Corners should be rounded to 
avoid stress concentrations. Sec- 
tions should be of uniform dimen- 
sions; nonuniform sections pro- 
mote gas entrapment, warpage, 
and internal stresses. Where in- 
serts are necessary, special provi- 
sions must be made to hold them 
rigidly in place. In calculating 
molded part dimensions, care 
must be taken to make proper 
allowance for shrinkage and flash 
cut-off. Small undercuts may be 
used in one of the mold halves to 
insure retention of the piece on 
that particular half of the mold. 
Proper design of the mold is also 
important from the standpoint of 
the particular molding material to 
be used. A sufficient number of 
steam channels or electric heat- 
ing elements (depending on the 
method used) must be carefully 
located throughout the mold to 
insure uniformity of temperature. 

Materials of construction: Molds 
machined from tool steel, although 
expensive, are superior to other 
types. Hobbing steel may be used 
to produce molds where a large 


number of cavities are to be made. 
Chrome-plating of metal molds 
provides an excellent surface, im- 
proved release properties, and in- 
creased resistance to staining. 


Material plasticity 


The plastic behavior of a mold- 
ing material as it is molded is de- 
termined by two factors: 1) the 
flow properties of the material; 
and 2) the molding conditions. 
The rheological (flow) properties 
of the material are numerous and 
complex, and their complete defi- 
nition would require determina- 
tion not only of several rheological 
properties as a function of tem- 
perature, but also the time rate 
of change of these properties. For 
practical purposes, material plas- 
ticity is defined in terms of spe- 
cific molding tests which roughly 
simulate conditions of use in the 
field. These ratings do not, and 
can not, completely define mate- 
rial plasticity. They do serve: 1) to 
predict relative performance of 
different materials under condi- 
tions of use; and 2) as a first 
approximation of relative per- 
formance under various molding 
conditions. 

It is evident that a thermo- 
setting material with too-low 
plasticity may fail to fill the mold 
because it sets to hardness before 
the mold is closed. An otherwise 
soft enough material can do like- 
wise if it sets too quickly. Conse- 
quently, both plasticity and re- 
action rate must be appropriate 
for the intended application and 
the equipment used to mold it. 
Too plastic a material also can 
cause inadequate filling of the 
mold due to excessive flash loss. 

The principal molding condi- 
tions which affect material plas- 
ticity are: 1) pressure on the ma- 
terial; 2) preheat temperature; 
3) time cycle; 4) mold design; 
and 5) mold temperature. 


Molded piece dimensions 


Molded plastics parts are usually 
smaller than the molds them- 
selves. This difference in dimen- 
sions, or molding shrinkage, 
though it may be only a few 
tenths of 1%, is of considerable 
importance when dimensionai tol- 
erances are exacting. A differ- 
entiation should be made here 
between molding shrinkage and 
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so-called “after-shrinkage.” The 
latter usually results from expo- 
sure of the molded piece to dry 
environmental conditions. Under 
moist conditions, moldings may 
increase in dimension. 

The mechanisms by which 
molding shrinkage occurs are: 
1) thermal contraction, which is 
a function of the ejection tem- 
perature of the molded piece and 
coefficient of thermal expansion; 
2) elastic recovery (expansion 
that tends to reduce shrinkage) — 
this depends directly on the com- 
pressibility of the material and 
the actual pressure exerted on it; 
and 3) plastic deformation, which 
is caused by mechanical distor- 
tion. The variables affecting these 
shrinkage mechanisms are mold- 
ing conditions, mold and piece de- 
sign, and material. 


As with plasticity and shrink- 
age, molding speed can be varied 
greatly by altering molding con- 
ditions. The most important vari- 
ables affecting molding speed are 
charge temperature and mold tem- 
perature. The charge temperature, 


or temperature of material enter- 
ing the mold, is the biggest single 
variable for pieces of any size. It 
is especially important in the case 
of thicker pieces because the poor 
thermal conductivity of thermo- 
setting materials retards heat 
transfer from the mold to the cen- 
ter of the material. Conversely, 
mold temperature is most impor- 
tant in thin sections where low 
charge temperatures are used. 
Time, temperature, and pres- 
sure are the variables which con- 
trol the cure of a thermosetting 
material. The effect of time is al- 
ways in the same direction. Longer 
cure time, unless decomposition 
occurs, results in greater rigidity 
up to the point at which essenti- 
ally complete reaction is attained. 
The effect of molding tempera- 
ture of thermosetting materials is 
twofold. Two opposing mecha- 
nisms take place simultaneously: 
(1) chemical hardening and (2) 
thermal softening. At low preheat 
temperatures mechanism (2) pre- 
dominates and hence the net 
effect is the softening of the ma- 
terial. As the temperature is in- 
creased, mechanism (1) becomes 
lominant, and the material cures. 
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BY J. J. MOYLAN* 


Continuing research on alkyd 
molding compounds has resulted 
in the development of many types 
since their introduction more than 
ten years ago. While the general 
characteristics of fast cure and 
low pressure requirements are 
common to all of these com- 
pounds, they may be divided into 
three different groups corre- 
sponding to physical form before 
molding. 

Granular materials: The physi- 
cal form of materials in this group 
is that of a free-flowing powder. 
Thus, these materials readily lend 
themselves to conventional mold- 
ing practices such as volumetric 
loading, preforming, and high- 
speed automatic operations. These 
materials have found extensive 
use as high-grade electrical in- 
sulation, especially in the elec- 
tronics field. Typical applications 
are television tuner segments, 
electronic tube bases and sockets, 
ignition parts, etc. 

Putty This group 
contains materials which are fur- 
nished in soft, putty-like sheets. 
They are characterized by very 
low pressure requirements (less 
than 800 p.s.i.) and find use in 
molding around delicate inserts 
and in special loading problems. 
The molder of these types cus- 
tomarily extrudes the material 
into a ribbon of a specific size 
which is then cut into preforms 
before molding. Putty materials 
have found widespread use in 
encasing 
such as 


materials: 


electronic components 
capacitors, 
small coils, etc. 
Reinforced alkyd materials: 
Among recent additions to the 
alkyd family are materials which 
combine the molding characteris- 
tics of polyester resins with the 
reinforcing action of fibrous glass 
fillers to attain very high strength. 
These materials have found wide- 
spread use in such applications as 
insulating brackets and_ bases, 
rocker rings, circuit breakers, 
heavy-duty coil forms, and simi- 
lar applications where high 
strength and good electrical char- 
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acteristics are important. In many 
cases they have replaced assem- 
blies of metal and insulating ma- 
terials. Recent developments in 
materials of this type include a 
compound having markedly su- 
perior handling characteristics. In 
addition, alkyd materials hav- 
ing small percentages of glass 
fibers, intermediate in strength 
properties and cost, are now 
available, as well as materials 
containing sisal and other fibers 
for reinforcements. 

Within each of the three groups 
of alkyd materials described 
above, several distinct types are 
available. For example, some 
types are _ self-extinguishing, 
some have approval under mili- 
tary specifications, some have 
improved high-humidity perform- 
ance. The manufacturers’ litera- 
ture on these materials should be 
consulted before selecting a ma- 
terial for a specific application 


Presses and equipment 


Although full realization of the 
advantages of molding alkyds is 
best attained through the use of 
high-speed, lightweight equip- 
ment, nearly all modern com- 
pression presses are suitable for 
use with these materials. Some 
presses may be encountered, 
however, which are so slow that 
it is necessary to speed the ram 
travel by use of a high-volume 
pump or to decrease the amount 
of travel by mounting the mold 
on blocks to reduce daylight. Be- 
cause of the low-pressure mold- 
ing characteristics of alkyds, the 
high-pressure line may some- 
times be cut out completely and 
only the low-pressure side of the 
system used. In general, not more 
than 4 sec. should elapse before 
charging the mold and applying 
full pressure in the case of granu- 
lar and putty types, or 8 sec. in 
the case of fibrous glass-rein- 
forced material. 

In selecting a press to operate 
a specific mold for alkyds, the fol- 
lowing rule should prove useful: 
For average draws, the press 
should furnish about 1500 p.s.i. 
over the projected area of the 


cavity and lands for molding 
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granular alkyds; about 800 p.s.i. 
for alkyd putty; and about 2000 
p.s.i. for glass-reinforced alkyd. 

Marked savings in labor, main- 
tenance, floor space, power costs, 
and depreciation are possible 
through the use of presses spe- 
cifically designed for use with 
alkyd materials. Detailed infor- 
mation and_ specifications are 
available directly from the manu- 
facturers. 


Mold design 


Alkyd parts are in successful 
production in positive, semiposi- 
tive, and flash molds. In general, 
the semipositive and positive 
types are recommended to obtain 
uniformly dense parts with low- 
est shrinkage. Flash types, since 
they rely on the back pressure of 
the material for density, do not 
usually produce parts of maxi- 
mum density due to the soft flow 
characteristics of alkyd materials. 
However, flash molds are fre- 
quently used with alkyd putty 
because of its low bulk factor. In 
any case, the use of polished, 
hardened, chrome-plated steel 
molds is recommended. 

Positive and semipositive 
molds should be designed for 
enough freedom to allow escape 
of material to prevent over-pres- 
suring. Punch clearances on posi- 


tive molds of the order of 0.004 
to 0.005 in. are generally recom- 
mended for the granular and 
putty types. Slightly greater 
clearances are customarily used 
for glass-reinforced materials. Ex- 
cessive clearances are to be 
avoided since they reduce the 
effective molding pressure on the 
material, and thereby cause a 
reduction in strength. 


Shrinkage 


Compression moldings in the 
glass-reinforced types will ex- 
hibit shrinkages from cold mold 
dimensions in the range 0.001 to 
0.004 in./in. when recommended 
mold clearances are used; when 
plunger molded, the range will 
be somewhat higher, depending 
on the plunger and clamping 
pressures used. The mineral- 
filled types, when compression 
molded, will exhibit shrinkages 
in the range 0.004 to 0.008 in. /inch. 

In general, alkyd moldings ex- 
hibit little or no after-shrinkage 
under normal conditions of use. 


Plunger molding 


The use of transfer- or plunger- 
type molds is not generally rec- 
ommended for molding putty or 
granular alkyd. In many such 
molds the plastic phase is too 
short to permit the material to 





TABLE |: Compression molding characteristics of alkyds 





Method 


Alkyd type Mold temp., 


Cure time, Shrinkage, 


Pressure, 





F. 


sec. in./in. p.s.i. 


complete its travel through the 
gates and runners before cure sets 
in. Precuring, even when it does 
not preclude complete filling of a 
mold cavity, can result in poros- 
ity, uneven density, and incom- 
plete fusion. Such conditions ob- 
viously lead to loss of mechanical 
and electrical properties and to 
sharp deterioration in water re- 
sistance. In some cases, defects 
occurring in a transfer molded 
piece may be concealed to the eye 
but will cause trouble in testing 
or in service. 

On the other hand, there are 
applications successfully in pro- 
duction on transfer molds in 
granular material. These transfer 
molds meet the following design 
rejuirements: 

1) Relatively small pieces to be 
molded; 2) cavities grouped very 
closely to the transfer pot; and 
3) very wide open runners and 
liberal gating. 

It has also been noted that 
parts molded in transfer cavities 
gated at two locations show poor 
mechanical strength, especially at 
the weld line. In general, parts 
molded by either straight transfer 
or plunger methods are lower in 
mechanical strength and lower in 
electrical insulating properties 
than similar parts molded by 
compression molding. 

Reinforced alkyd may be 
transfer molded but the strength 
of such pieces is somewhat lower 
than that of compression molded 
pieces, the magnitude being al- 
most entirely dependent on the 
size of the gates and the number 


(suggested 
on Ye-in. 
section) 


(suggested (fromcold (suggested over 
on W-in. mold di- projected area) 
section) mensions) 


of times the material changes 
direction before entering the cav- 
ity. Since these changes are de- 
pendent upon design, pieces will 
have to be tested individually in 
order to determine the suitability 
of the material for specific appli- 
cations. 

Multiple gates should normally 
be avoided because of the knit- 
ting effects between gates. An 
exception to this is the transfer 
molding of circular pieces for 
which knitting must occur to fill 
the cavity. In such cases, continu- 
ous circular gating is recom- 
mended. Better strengths are 
usually achieved by gating at the 
end of the piece rather than in 
the middle. When _§ shrinkage 
tolerances are critical, it is recom- 


Mineral-filled 
putty (alkyd 
417) Compression 
Mineral-filled 
granular 
(alkyd 420 
& 422) 
Modified 
mineral-filled 
granular 
(alkyd 430) 
Glass-rein- 
forced (alkyd 
446) Compression 


0.004-0.007 


Compression 


Compression 


Glass-rein- 
forced (alkyd 
446) Plunger 5000 Plunger 


2500 Clamp 
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mended that both transfer ram 
and clamping pressures be suf- 
ficient to insure dense pieces. 


Mold construction 


To date, most alkyd molding 
has been done in molds utilizing 
conventional mold steels hard- 
ened by standard heat-treating 
methods. Other metals have been 
used for experimental and short- 
run molds. Some production 
molds have been chrome-plated 
while others are only highly 
polished, depending upon the pref- 
erences of the mold designer. The 
fact that the alkyds can be molded 
at low pressures has presented 
the possibility of using other than 
steel molds. 

Alkyds, being mineral-filled 
materials, are somewhat more 
abrasive than general-purpose 
ureas or phenolics, and somewhat 
greater mold wear may be an- 
ticipated. Because of lower mold- 
ing pressure and the greater 
plasticity of the alkyds, mold 
wear is not as great as it is with 
mineral-filled phenolics. The use 
of minimum pressures that permit 
satisfactory molding tends to re- 
duce the effects of mold wear. 

The usual precautions on de- 
sign of pieces for thermoset mold- 
ing should be followed. Particular 
attention should be paid to the 
use of flowing curves and gener- 
ous radii rather than sharp knife 
edges. Sections should not be de- 
signed in any case for less than 
\e-in. thickness, and projections 
and ridges should be designed 
with generous allowances for ma- 
terial. 

The fast-curing characteristics 
of alkyd molding compounds 
should, of course, be taken into 
consideration when designing the 
number of cavities for a given 
production mold. The high pro- 
duction rate per cavity of these 
materials represents a definite 
savings in tooling cost. 


Special considerations 


Common characteristics of all 
glass-reinforced polyester mold- 
ing compounds should be consid- 
ered in designing parts. Some of 
these characteristics are: 1) a 
tendency to trap air in unvented 
draws; 2) a tendency toward 


internal porosity and 


internal 


cracking in heavy sections; 3) a 
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tendency to crack or show poor 
strength when fiber alignment 
occurs due to flow obstruction; 
4) a tendency to have relatively 
poor strength in thin sections; 
5) a tendency to show porosity 
or poor end-fill on long, restricted 
flows; and 6) a tendency to show 
relatively poor dielectric strength 
in thin sections or in areas where 
fiber alignment may be normal to 
the conducting surfaces. 

Although solutions to these dif- 
ficulties may not always be pos- 
sible through design alone, it may 
frequently be possible to avoid 
trouble by their careful consid- 
eration at the design stage. 

Air entrapment in blind draws 
may frequently be overcome by 
venting at the top with a work- 
ing pin. Sharp corners and square 
edges at the top of draws should 
be avoided in favor of radii 
whenever possible. It may also be 
possible to design the part so that 
the place where air may be 
trapped is isolated to a small area 
where it may be easily vented. 

Although the internal porosity 
or internal cracking frequently 
encountered in sections heavier 
than 14 in. may not interfere with 
the function of most parts, it may 
become a prime consideration if 
the section must be drilled or 
tapped or if electrical contacts 
carrying high voltage are to be 
molded in. In such cases, heavy 
sections should be avoided. Flow 
from thin to thick sections should 
also be avoided. 

When the material flows around 
obstructions such as core pins, a 
certain amount of fiber alignment 
results. If the flow continues for a 
short distance beyond such points, 
the fibers tend to regain their 
random orientation and a good 
knit results. However, if the ob- 
struction is near the end of the 
flow such as the extreme edge or 
top of the part, the fiber align- 
ment may result in poor knitting 
or cracking. For this reason, loca- 
tion of core pins at extreme edges 
is to be avoided wherever pos- 
sible. Otherwise, it may be neces- 
sary to use a vent or bleeder to 
obtain flow for a sufficient dis- 
tance past the obstruction to ac- 
complish good knitting. 

Although sections thinner than 
0.015 in. may be successfully 
molded, the strength characteris- 


One-piece molded alkyd 
brush holder’ replaces 
complicated assembly in 
miniature motor. (Photo, 
Plaskon, Allied) 


tics are quite low due to fiber 
alignment and fiber breakage. In 
general, sections greater than 
0.040 in. are to be recommended 
to the molder. 

Because of the fast-curing char- 
acteristics of the material, it may 
be difficult to fill parts having 
long flows, especially if the flow is 
restricted by thin sections, core 
pins, inserts, etc. Although load- 
ing techniques may overcome 
this, it is recommended that long 
draws be accompanied by. gen- 
erous sections. 

Fibrous glass-reinforced mate- 
rials may show good dielectric 
strength by standard test methods 
in which electrode configuration 
and specimen shape and thickness 
are carefully specified. However, 
in actual applications in which 
voltage stresses may be concen- 
trated at sharp corners and in 
which thinner sections may con- 
tain fiber-resin 
other nonhomogeneous areas ex- 
tending from surface to surface, 
glass-reinforced materials may 
show much lower _ dielectric 
strength. 


interfaces or 


Preheating and preforming 


Although preheating of the 
granular or putty type is seldom 
necessary or desirable, reinforced 
alkyds are frequently preheated 
before weighing the mold charge 
to improve their handling char- 
acteristics. This is usually done 
in an air-circulating oven main- 
tained at a temperature of 130 to 
140° F. for a period of 10 to 15 
minutes. 

It is also possible to use elec- 
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Fig. 1: Minimum cure time vs. temperature for various 


thicknesses of alkyd granular and putty materials for 


tronic preheating on reinforced 
alkyd. In this case the bulk factor 
is customarily reduced by either 
mechanical or manual compres- 
sion. 

Because of the low bulk factor 
of the granular alkyds (approxi- 
mately 2:1), it is seldom neces- 
sary to preform these materials. 
However, they will preform with 
ease on conventional equipment 
when necessary. The preforming 
pressure is much less than that 
required for phenolic or urea ma- 


terials. To avoid excessively 


dense preforms, it is customary 
to reduce the pressure of the 


preforming machines to about 
one-fourth the amount used for 
preforming the conventional 
thermosetting materials. 

As previously mentioned, the 
putty materials are usually pre- 
formed by extrusion. Extruders 
of both the screw type and the 
plunger type are in common use 
on these materials. An alternate 
method is to roll the putty into 
sheets of the desired thickness, 
from which ribbons or slugs may 
be cut and used as preforms. 

Because cf the relatively high 
bulk factor of the reinforced 
types, some preforming of the 
material is usually necessary. 
This is often done by simple hand 
compression, after warming to 
130 or 140° F., as previously men- 
tioned. Mechanical preforming 
methods are sometimes used and 
machines have recently been de- 
veloped to extrude material of 
this type into continuous ribbons 
or ropes, from which preforms 
may be cut. 

In reinforced alkyds, the shape 
of the preforms will have a defi- 
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nite effect on the flow character- 
istics of the material within the 
mold. For this reason, some ex- 
perimenting with preform shapes 
may be necessary. In general, the 
preform should approximate the 
shape of the mold but should be 
somewhat smaller to insure some 
flow of material. Multiple pre- 
forms are to be avoided because 
weak sections may be encoun- 
tered at the interfaces or knit 
lines. 


Molding techniques 


The resin characteristics of 
alkyd molding compounds are 
such that the material goes 
through the very low viscosity 
phase momentarily when heat 
and pressure are applied. This 
low viscosity phase makes possi- 
ble the complete filling of the 
mold at pressures much lower 
than required for other thermo- 
sets. 

This phase is followed by a very 
rapid, exothermic reaction which 
develops heat in excess of the 
mold temperature and which is 
responsible for the rapid cure of 
the material. 

Since the reaction is a cross- 
linking polymerization, no prod- 
ucts are given off in gaseous form; 
therefore, no breathing or hold- 
ing is necessary. 

Because the heat resistance of 
the material is relatively high, it 
is possible to leave parts in the 
mold at recommended molding 
temperatures for extended pe- 
riods without risk of burning or 
overcure. 

The most common molding dif- 
ficulties experienced with alkyd 
molding techniques are precure of 
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Fig. 2: Minimum cure time vs. temperature 
various thicknesses of reinforced alkyds 


the material or use of excessively 
high molding presstires, or a com- 
binatien of both. 


Molding temperat ires 


The range of recommended 
molding temperatures extends 
from 270 to 330° F. In the ma- 
jority of cases, mold temperatures 
in the range of 300 to 320° F. will 
be most suitable. (See Figs. 1 and 
2, above.) In extreme cases, 
where long thin draws or slow 
presses are involved, tempera- 
tures as low as 250° F. have been 
used. However, the use of such low 
temperatures may tend to pro- 
mote sticking, especially on mold 
surfaces which are not chrome- 
plated. 

Under’ ordinary conditions, 
alkyd materials have good release 
characteristics and no lubrication 
is necessary to insure ejection 
from the mold. Hardened, 
chrome-plated steel surfaces are 
recommended. When sticking is 
encountered, it is usually due to 
too much pressure or insufficient 
temperature. When a mold has 
been running phenolic material, 
it is recommended that it be 
cleaned by running a few charges 
of urea or melamine before the 
alkyd is introduced, since the 
presence of phenolic resin, even 
in minute quantities, inhibits the 
cure of alkyd. Before returning a 
mold to the use of phenolic ma- 
terials after running on alkyd, the 
same procedure should be fol- 
lowed. 

In the transfer or plunger 
molding of reinforced alkyds, 
plunger pressures are largely de- 
pendent upon gate size. In gen- 
eral, a pressure which will bring 
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the plunger home in about 7 sec. 
is recommended. However, suc- 
cessful cycles are in use with 
plunger times in the range from 3 
to 12 seconds. Longer times are 
apt to cause precuring in transfer 
pot or in runners and gates. 


Inserts 


Because of the fact that alkyd 
materials have no after-shrink- 
age, inserts must be provided 
with generous knurls or under- 
cuts to insure good gripping. Be- 
cause of the  soft-flow, low- 
pressure characteristics of alkyds, 
especially in putty form, many 
jobs involving delicate inserts 
have been run in these materials 
which could not be run success- 
fully in any other thermosetting 
material. 


Storage 


An understanding of proper 
storage conditions for alkyd is 
perhaps more important than in 
the case of other plastics. The 
alkyd compounds are by nature 
more reactive than other thermo- 
sets and are, therefore, more 
sensitive to handling and storage 
conditions. Hence special care 
should be taken to follow the 
manufacturers’ specific 
recommendations. 


storage 
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COMPRESSION MOLDING: Melamine formaldehyde 





BY H. J. WEST* 


Melamine formaldehyde molding 
compounds are available in a 
variety of types, each formulated 
in accordance with the properties 
required in the end-product. 
Generally, the type of filler used 
is an important variable in the 
formulation of the compound, 
and the more commonly used 
fillers are purified alpha-cellu- 
lose, wood flour, asbestos, and 
glass fiber. Regardless of the 
specific type, the molded mela- 
mines have exceptional surface 
hardness, are highly resistant to 
water, mild acids, and alkalies, 
and generally have excellent die- 
lectric strength and arc resist- 
ance. The alpha-cellulose types 
are available in an _ unlimited 
range of color. 

Most of the material used to- 
day is compression molded for 
production of high-grade dinner- 
ware. However, all types general- 
ly can be transfer or plunger 
molded, although sometimes the 
use of a special plasticity grade 
is desirable to obtain the best 
results. Parts other than dinner- 
ware now produced from mela- 
mine range from small electrical 
components to small and large 
industrial housings, and housings 
for consumer items such as 
radios. A thorough knowledge 
of the properties of the various 
melamine types is necessary to 
produce a molded product with 
the desired performance 
acteristics. 


char- 


Prefo.:ming 


Most types of melamines are 
available in granular form. In 
general, with the exception of the 
impact-types, they can be pre- 
formed on automatic equipment, 
either rotary or _ single-stroke. 
Impact-types are usually hand- 
preformed. 

Although it is good practice to 
store melamine molding com- 
pounds at temperatures below 
70° F., the material should be al- 
lowed to warm up to at least 70° 
F. before charging the mold or 
preform machine. Attempting to 
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preform too-cold material may 
cause unsatisfactory preform 
hardness. 

In general, dies used for pre- 
forming melamine molding com- 
pounds should be of the highest 
quality steel hardened to 56 on 
the Rockwell C scale, polished to 
a high commercial finish, and 
hard-chrome-plated. A taper of 
0.002 in. /in. of the diameter (0.001 
in. /in. of side) is desirable to ease 
ejection and prolong the life of 
the dies. Liberal clearance is de- 
sirable between top punch and 
top of die dimensions. 


Preheating 

Preheating is strongly recom- 
mended to obtain the shortest 
molding cycle and to produce 
parts with optimum properties 
and best appearance. High-fre- 
quency preheating is most com- 
monly used and generally gives 
the best results, although mela- 
molding compounds can 
usually be preheated by any ac- 
cepted method. 

When high-frequency preheat- 
ing is used, preforms give the best 
results, but granular material can 
be used if the granules are placed 
to a uniform depth in a shallow 
polyethylene, polystyrene, or 
glass container. Variations in 
depth will result in nonuniform 
temperature in the charge. Be- 
cause of the nonpolar nature of 
the thermoplastic containers, 
they themselves do not heat up 
appreciably in the high-fre- 
quency field. Rag-filled materials 
can be shaped by hand and placed 
between the electrodes. 


mine 


There is a normal variation in 
the thickness of preforms which 
cannot be avoided. If preforms of 
different thicknesses are placed 
side by side in an electronic pre- 
heater, they will not heat uni- 
formly. One way to avoid this is 
to stack the pills during preheat- 
ing but the ideal situation is the 
employment of square or rec- 
tangular preforms which can be 
placed on edge, thereby eliminat- 
ing the thickness variation. This 
is particularly advantageous 
when multiple pills are required. 

The recommended temperature 
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TABLE |: Preforming, preheating, and molding melamine 





Property 


Preformability 

Preheating temp. range, °F. 

Molding temp. range, °F. 

Molding pressure 
range, p.s.i. 

Transfer molding 
pressure range, p.s.i. 

Mold shrinkage, 4 * %-in. disk, 
mils/in., A.S.T.M. D-1299-53T, 
modified 

After-shrinkage, mils/in., 48 hr. at 
220° F. A.S.T.M. B-1299-53T 


P F pie Ailerat __ Filler __ 
Cellulose Asbestos Wood flour 


Good 
220-250 
310-340 


Good 
220-250 
310-330 


Good 
200-250 
310-330 


1500-6000 1500-6000 


Fabric 


Hand 
preforms 
only 
200-230 
300-340 


1500-6000 4000-8000 


Glass fiber 


Unfilled — 


Single-stroke 
machines 
200-230 
300-340 


Single-stroke 
machines 
220-235 
290-320 


2000-6000 2000-4000 


6000-20,000 4000-12,000 6000-12,000 8000-12,000 8000-12,000 Not recommended 


11-12 


7-12 





ranges for the preheating of 
melamine molding compounds 
are given in Table I, above. The 
preform has usually reached a 
satisfactory temperature when it 
begins to swell and a small frac- 
ture appears at the periphery. 

Rotary-can preheating is usu- 
ally less efficient than the high- 
frequency method but good re- 
sults can be obtained if proper 
care is exercised. The containers 
must be carefully cleaned be- 
tween heats to prevent over- 
heated material from contami- 
nating any of the subsequent 
charges. 


Melamine formaldehyde mold- 
ing compounds are thermosetting, 
and in the molding operation pass 
through the characteristic stages 
of flow, set, and cure. Volatile 
material, principally water, is lib- 
erated during the molding cycle 
and must be allowed to escape 
from the mold as completely as 
possible in order to obtain the 
best results. 

Straight compression molding, 
preferably employing semiposi- 
tive molds, is generally used in 
the production of parts with large 
area such as dinner plates, or 
with deep draw, as in tumblers or 
cups. Also, large housings, in- 
cluding radio and meter housings, 
are usually compression molded. 
Melamine molding compounds 
are well-suited to fully automatic 
compression molding of small ar- 
ticles such as buttons and clo- 
sures. 

In straight compression mold- 
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ing, it is important to insure that 
the material in the mold is uni- 
formly heated throughout before 
closing the mold. The use of too 
stiff a material or too high a mold 
temperature can cause lack of 
homogeneity in the molded part. 
Preheating is usually the most 
effective method of promoting 
uniform heating throughout the 
charge. In the molding of mate- 
rial that has not been preheated, 
it is desirable to subject the ma- 
terial to a preheat cycle in the 
mold. This involves partially 
closing the mold and holding it 
for a short time before complet- 
ing the closing cycle. Additional 
comments on molding variables 
are given below. 

Melamine resins are consider- 
ably less critical than urea res- 
ins in regard to temperature and 
duration of cure, resembling the 
phenolics more closely in mold- 
ability. It is relatively easy to 
impair the properties of ureas by 
overcure or burning, whereas be- 
cause of much better heat resist- 
ance, melamine resins are much 
less sensitive to overcure. 

Typical cure times for five 
types of melamine molding com- 
pounds are given in Table II, p. 
729. 

Buttons and closures can be 
molded at high temperatures with 
fast cycles since the flow involved 
is of minor degree and the small 
cavity charge quickly reaches 
mold temperature. The molding 
of large pieces involves a high 
degree of flow in the mold and 
the transfer of heat through a 
mass of material is best accom- 


plished with a longer cycle at a 
lower temperature. 

In the final analysis, a cure 
cycle should be worked out for 
each part involved since the cycle 
and temperature that will give 
the best results depends on the 
size and design of the part as well 
as on the type and grade of mela- 
mine molding material used. 

A “breathe” at least once dur- 
ing the molding cycle is often de- 
sirable, particularly with large 
moldings. This is accomplished by 
opening the mold while the 
charge is still plastic, holding it 
open for a second or two, and 
then completing the molding 
cycle. The “breathe” promotes 
removal of the volatiles liber- 
ated during cure. 

The molding pressure required 
depends on several factors which 
include the size of the part, the 
depth of draw, whether or not the 
material has been preheated, and 
the flow or plasticity of the mate- 
rial being molded. Typical com- 
pression molding pressures usu- 
ally range from 1500 to 5000 p.s.i. 


Transfer molding 


Transfer molding is indicated 
when the molded parts call for 
the following features: 

Molded-in metallic inserts. 

Intricate shape (e.g., cups with intri- 
cate handles). 

Maximum strength and uniform den- 
sity. 

Preheating of the material is 
particularly desirable in transfer 
molding. 

In plunger molding, a modified 
transfer molding method, much 
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faster molding cycles are ob- 
tained than with the older trans- 
fer methods. Adequate preheat- 
ing is almost essential. 

Relatively free-flowing mate- 
rials are generally desirable for 
transfer molding, and the choice 
of a suitable grade of melamine 
molding compound for a specific 
operation should be discussed 
with the supplier of the molding 
compound. 

Transfer or plunger molding 
usually require pressures on the 
transfer ranging from 4000 to 
20,000 p.s.i. 


Flow characteristics 


The degree of flow of the mold- 
ing material under molding con- 
ditions is an important factor. It 
has a bearing upon the kind of 
molding that can be made, the 
quality and properties of the 
molded part, and the type of mold 
that can be used. Flow must con- 
tinue until the mold is completely 
filled out under maximum pres- 
sure. Small parts of simple de- 
sign are best molded with stiff 
material. Large objects require 
the use of easy-to-flow soft 
grades that will fill out the mold 
before the material sets. Fast- 
curing stiff grades usually can- 
not be transfer molded, as set 
can occur before the material is 
completely transferred from the 
transfer chamber. 

The alpha-cellulose-filled mela- 
mine formaldehyde molding ma- 
terials are generally supplied in 
varying grades of plasticity desig- 
nated as soft, medium, or hard. 

Impact materials normally are 
available in a general-purpose 
plasticity. 

The industrial grades of mela- 
mine formaldehyde molding ma- 
terials, comprising wood flour- 
filled material and mineral-filled 
types are often used for molding 
parts for the electrical industries. 
Many of these industrial parts are 
of intricate design with metal in- 
serts and are usually transfer 


molded. 


Shrinkage 


Shrinkage always accompanies 
the cure of thermosetting mate- 
rials. It occurs in two stages— 
during the actual molding oper- 
ation and during the subsequent 
aging of the molded part in serv- 


ice. The two stages are known as 
mold shrinkage and after-shrink- 
age. The latter is mainly caused 
by continued loss of moisture or 
drying out of the part, and con- 
tinues until the moisture content 
is in equilibrium with the ambient 
relative humidity. Even then, di- 
mensional changes can still occur 
through absorption of moisture 
under cool, damp conditions fol- 
lowed by drying under warm, 
low-humidity conditions. 

Typical shrinkage ranges for 
five types of melamine molding 
compounds are shown in Table I, 
p. 728. The values shown are 
given in mils/in. based on a 
4 x %-in. molded disk. The de- 
gree of shrinkage varies with the 
influence of each of the following 
five factors: 

1) Type of material: Shrinkage 
varies widely according to the 
type of melamine formaldehyde 
molding compound used. The al- 
pha-cellulose-filled unmodified 
melamine materials show the 
highest mold and after-shrinkage, 
whereas relatively low shrinkage 
is obtained with mineral-filled 
and impact types. For example, a 
typical asbestos-filled material 
gives a combined mold and after- 
shrinkage of approximately 7 
mils/in. and shows extremely 
good dimensional stability under 
environmental changes. 

2) Plasticity of materials: 
Shrinkage generally decreases 
with stiffer flow since more of the 
chemical change has been ef- 


fected in the material before 
molding. 

3) Preheating: Preheating aids 
in removing volatiles before 
molding, thereby reducing 
shrinkage. This is particularly 
important when using soft mate- 
rial for transfer molding. Pre- 
heating helps in holding after- 
shrinkage within a normal range. 

4) Method of molding: Ample 
breathing of the mold permits 
escape of volatiles and may re- 
duce after-shrinkage. 

5) Design of the molded piece: 
Adverse effects caused by shrink- 
age on aging can be minimized by 
good design of the molded part. 
Nonuniformity of thickness in a 
molded piece tends to produce 
unbalanced shrinkage and con- 
sequent warpage. In the design of 
a piece in which adjacent thin and 
thick sections are necessary, gen- 
erous fillets should be used in 
order that the change in dimen- 
sion will not be abrupt. Thus, 
the best design is one in which 
wall thicknesses are uniform. The 
after-shrinkage ranges given in 
Table I are roughly equivalent 
to dimensional change after 3 to 5 
yr. at ordinary temperatures. The 
values can only be used as a 
guide for tool dimensions when 
varied wall thicknesses, holes, 
bosses, and unsupported sections 
are included in the design of the 
part. All have varied unpredict- 
able effects upon shrinkage. The 
allowances should be low for out- 
side dimensions and high for in- 





TABLE Il: Typical cure times at various temperatures for melamine 
molding materials' 





Temperature 


Alpha-cellulose- 
filled 


Cotton fabric- 
filled 


Modified melamine— 310 
alpha-cellulose- 320 
filled 330 

Mimeral-filled 310 

320 
330 
Glass-filled 300 


1 Data are based on 4-in. disks of \%- 
materials 


Cure time 


1y-in. disk 14,-in. disk 


90 sec. 

60 sec. 

50 sec. 
3 min. 30 sec. 
2 min. 45 sec. 
2 min. 00 sec. 
2 min. 00 sec. 
1 min. 45 sec. 
1 min. 30 sec. 
1 min. 45 sec. 


2 min. 15 sec. 
2 min. 00 sec. 
1 min. 50 sec. 
4 min. 15 sec. 
3 min. 30 sec. 
3 min. 00 sec. 
3 min. 00 sec. 
2 min. 45 sec. 
2 min. 30 sec. 
2 min. 30 sec. 
1 min. 30 sec. 2 min. 15 sec. 
1 min. 00 sec. 2 min. 00 sec. 
1 min. 05 sec. — 


and %-in. thickness compression molded of cold granular 
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side dimensions. Final dimen- 
sional adjustments can be made 
after the mold is built and before 
final polishing and plating. 
Material with high shrinkage 
on aging should not be used with 
large metallic inserts or when the 
part is to be used in an assembly 
which would prevent the release 
of strains set up in shrinkage. 
The foregoing considerations 
apply equally well to all grades 
of melamine molding compounds, 


but additional precautions are re- 
quired for the glass-filled grades. 
Because of outstanding electrical 
and mechanical properties, glass- 
filled materials are finding in- 
creasing industrial acceptance, but 
they are somewhat more critical 
to mold. Careful mold cycling is 
essential to obtain parts with op- 
timum properties. 

The glass-and-melamine res- 
in compound has these unusual 
characteristics: 1) the resin does 


not impregnate glass fibers; 2) 
during molding, only the resin 
softens and flows; and 3) the 
resin can flow away from the 
glass during molding, giving sec- 
tions without reinforcement. 

To minimize problems caused 
by this behavior, the following 
procedures are suggested: a) 
molding pressures should be 2500 
to 3500 p.s.i., as excessive pres- 
sure contributes to resin segrega- 
tion; b) mold _ temperatures 
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Beauty, combined with surface 
hardness, light weight, and 
ruggedness, has gained wide- 
spread popularity for dinnerware 
molded from melamine. Beautiful 
molded-in decorated effects can 
now be developed in alpha-cellu- 
lose-filled melamine moldings by 
the use of resin impregnated 
alpha-cellulose paper foils which 
have been printed with a deco- 
rative design. 

These foils are actually lami- 
nated to the top surface of the 
molding. 

Figure 1, above, shows a basic 
land design for a mold employing 
decorative overlays, which has 
given satisfactory results on a 
production basis. The land area 
has to be wider than normal in 
order to accept an overlay, and 
the width will vary according to 
the design of the piece. The shal- 
lower the piece, the narrower the 


land can be; however, %4 in. 
should be the minimum. 

Although the molding of deco- 
rated dinnerware is basically a 
simple two-step operation, proper 
control and handling techniques 
must be evolved for each part. 

The recommended mold tem- 
peratures are 310 to 320° F., with 
the lower temperature preferred. 
The molding pressure usually 
should be at least 2500 p.s.i. and 
preferably about 4000 p.s.i. The 
mold charge should be a mini- 
mum to fill out the piece but al- 
lowing as little overflow as pos- 
sible to prevent flash breaking 
into the cavity. The following 
cycle is typical: 

1) High-frequency preheat the 
preforms to the optimum dé¢gré¢ 
as established by normal molding 
practice and place them into the 
mold cavity; close the mold. 

2) Before completion of the 


Fig. 1: Mold design for decorative 
overlay molding. Surface 1 should 
have a very high polish and chrome 
plate; surface 2 should be left as a 
machined or finely ground surface, 
and should not be chrome plated. 
Land width varies, depending upon 
surface diameter of the molded part. 
The draft on vertical wall of the 
force and cavity may be varied from 
10 or 11° to 34 or 35°. 


overflow, breathe the mold, then 
close and cure. 

3) When the part is cured suf- 
ficiently to hold together with 
only minor blistering, open the 
mold and insert the foil with its 
printed side down, being careful 
to keep contaminants and flash 
out of the cavity. If, after repeti- 
tive molding, a tendency devel- 
ops for the part to stick to the 
force plug before foil insertion, 
an increase in cure of 10 to 15 
sec. before inserting the foil usu- 
ally helps. If this does not prove 
entirely successful, it may be ad- 
visable to run a few clean-out 
shots without the overlay. 

4) Close the force slowly onto 
the foil and, as soon as full pres- 
sure is achieved, breathe mold 
momentarily. Hold for final cure. 

At the present time, most foils 
are flat sheets so that draw possi- 
bilities are limited. 
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should range between 280° F. for 
large parts and 320° F. for small 
parts; c) straight-close cycles 
should be avoided; d) high-fre- 
quency heating should be used 
whenever possible; and e) time of 
cure should not be appreciably 
longer than that necessary to give 
a blister-free part. 

Glass-filled materials may have 
to be hand-preformed although 
the granular grade can be pre- 
formed on commercial automatic 
equipment with adequate care. It 
is most advantageous to use high- 
frequency preheating and to pre- 
heat as hot as possible. The mold 
should be “breathed” at least 
once to eliminate volatiles. These 
precautions should lead to the 
production of good molded parts. 
A good molding will show a uni- 
form grayish color and show no 
spotting or staining when it is 
subjected to various types of ink 
or dye solutions. 
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BY R. A. TILEY* and H. J. WEST* 


Despite vigorous 
from thermoplastic 
urea formaldehyde 
are maintaining an 


competition 
materials, 
compounds 
important 
position in the plastics industry. 
Available in an unlimited color 
range, the ureas have eye appeal 
combined with surface hardness 
and resistance to heat, abrasion, 
grease, oils, and solvents. Typical 
major applications in the approxi- 
mate order of importance are 
closures, wiring devices, buttons, 
stove hardware, and housings for 
radios and appliances. During re- 
cent years, however, there has 
been a broad change in the end- 
use pattern. Whereas a few years 
ago button production was in the 
first position in end uses for ureas, 
closures now represent by far the 
largest outlet. Use of urea resin in 
buttons has declined drastically. 

Urea formaldehyde molding 
compounds are typical thermo- 
setting materials curing by chem- 
ical condensation. In the mold the 
characteristic steps of flow, set, 
and cure are involved. The ureas 
are somewhat more sensitive to 
heat than melamines and phe- 
nolics and also generally tend to 
set faster in the mold; conse- 
quently, precisely controlled con- 
ditions are required to obtain 
good quality moldings. However, 
once suitable molding cycles 
are established, fast production 
schedules are practicable. In fact, 
the general trend in urea resin 
molding is more and more to- 
wards use of completely auto- 
matic presses with multi-cavity 
molds, often producing articles 
such as closures at the rate of 
thousands per hour. 

Ureas are available in plastici- 
ties ranging from very soft flow 
to medium-hard flow. The stiffer 
materials are used for small parts 
such as buttons and closures; the 
freer-flowing materials are suit- 
able for larger articles such as ra- 
dio cabinets and other housings. 

Urea formaldehyde moldings 
are rated as boil-resistant but not 
acid-resistant. A suitable test for 
determining whether or not a 
part is adequately cured is to 
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boil a test specimen in water for 
30 minutes. A well-cured molding 
shows no chalking or appreciable 
loss of gloss. 


Molding conditions 


Storage and handling: Urea 
molding compounds usually are 
available in powder or granular 
form packed in airtight, mois- 
tureproof containers. Storage un- 
der proper conditions is ex- 
tremely important since heat or 
moisture can seriously impair 
moldability. It is good practice to 
store the containers in a cool, 
dry area, preferably with the 
temperature below 62° F. Under 
these conditions, urea molding 
compounds have excellent sta- 
bility. However, material to be 
preformed should be allowed to 
warm up to at least 70° F. to 
promote cohesiveness; otherwise 
preforms may be too soft and fri- 
able. 

Preforming: Many automatic 
molding machines operate well 
with the granular form, but pre- 
forms are still used for many ap- 
plications. Ureas should preform 
well on any automatic equipment, 
either rotary or single-stroke. The 
dies should be of the highest 
quality steel, hardened to at least 
56 on the Rockwell C scale, pol- 
ished to a high commercial finish, 
and chrome-plated. Suggested 
clearances between punch and die 
are given in Table I, p. 732. 

Preheating: Although more 
sensitive to heat than the mela- 
mines, ureas can be successfully 
preheated by either radiant or 
high frequency methods provided 
proper precautions are taken. Lo- 
cal overheating must be avoided, 
and material should not be pre- 
heated above 185° F. (See “High- 
frequency preheating of ureas,” 
p. 137, Mopern Ptastics, June 
1957.) 

A prewarming device is some- 
times built into the press. One 
design incorporates an oil-jack- 
eted section in the hopper dis- 
charge line. The oil is electrically 
heated by means of immersion 
heaters. Other units utilize band 
heaters and radiant heat. 

Rotary-can type preheaters are 
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TABLE |: Diametrical clearance or difference in diameter between 
punch and die 





Nominal size 


dia., in. in. 
Vy 0.003 
Wy 0.003 
% 0.005 
1 0.007 
1% 0.010 
2 0.012 
21% 0.014 


Clearance—upper punch 


Clearance—lower punch 





in. 
0.002 
0.003 
0.003 
0.005 
0.005 
0.005 
0.005 


NOTE: The suggested taper on the die is 0.002 in./in. 





used to advantage on bulk-loaded 
manually-operated presses. 

Molding temperatures and 
pressures: The ureas are usually 
molded at temperatures ranging 
from 275 to 280° F. for large 
housings, to 350° F. for small parts 
such as buttons or closures. 
Molding pressures range from 
2000 to 8000 psi. A “breathe” 
early in the molding cycle often 
helps to promote good densifica- 
tion, to improve gloss, and 
shorten the cure cycle. A straight 
close, however, is preferred in 
the molding of small parts. Table 
II, p. 733, gives typical cure 
times and molding pressures for 
various parts. 

Buttons and closures can be 
molded at high temperatures with 
fast cycles, since the flow in- 
volved is minor and the load in 
the cavity quickly reaches mold 
temperature, Large parts involv- 
ing a high degree of flow in the 
mold and transfer of heat through 
a mass of material require a 
longer cycle at lower tempera- 
ture. 

Shrinkage: Shrinkage in urea 
molded parts takes place in two 
stages: 1) mold shrinkage—the 
difference between cold mold di- 
mensions and cold molded-piece 
dimensions and 2) aging shrink- 
age—the continued dimensional 
change which takes place in the 
molded part over a period of a 
year or more. 

One procedure for determining 
the shrinkage of a material is to 
first mold a 4- by %-in. disk from 
the test material. The disk is al- 
lowed to cool to room tempera- 
ture and then the diameter of the 
piece is measured. This diameter 
is compared with the diameter of 
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the cold mold and is reported as 
CMCP shrinkage. The designer 
can compensate for this differ- 
ence in designing his mold. 

The disk is then subjected to a 
temperature of 220° F. for 48 hr., 
allowed to cool, and the diameter 
again measured. The difference 
between this measurement and 
the CMCP diameter is reported 
as additional or aging shrinkage. 
This value is reasonably indica- 
tive of probable shrinkage over a 
three- to five-year period. Addi- 
tional compensations can be made 
by the mold designer to allow 
for this dimensional change. 

Since these shrinkages are de- 
termined over flat, uniform sec- 
tion parts, the values are useful 
only as guides for tool dimensions 
when varied wall thicknesses, 
holes, bosses, and unsupported 
sections are included in the de- 
sign of the part. All of these will 
have varied effects upon shrink- 
age and cannot be predicted. 

Mold shrinkage CMCP for 
ureas usually ranges from 0.006 
to 0.009 in./in. and the additional 
shrinkage after 48 hrs. at 220° F. 
usually ranges from 0.006 to 0.012 
in. /inch. 

It is general practice for de- 
signers to use in their molding 
design a shrinkage range of 0.008 
to 0.010 in./inch. The allowances 
should be toward the lower limit 
for outside dimensions and high 
for inside dimensions. 

Problems caused by after 
shrinkage can be minimized by 
good design of the molded part. 


Part and mold design 
Compression molds can _ be 

positive, semipositive, or flash 

types. The semipositive type is 


generally preferred although 
flash types are satisfactory for 
molding small parts such as but- 
tons. The most important features 
in design are those intended to 
offset stresses set up by differ- 
ences in shrinkage, flow, and 
cure. Careful design of the 
molded part can minimize the 
effect of such differences. 

Openings or slots in the molded 
piece should be so positioned as 
to minimize flow differences as 
much as possible. Metal inserts 
must be thoroughly anchored in 
the die and should always be 
placed where there is an abun- 
dance of material in the part. The 
best practice provides for a boss 
diameter of three times the insert 
diameter, with anything less 
than a 2:1 ratio being definitely 
inadvisable. 

Wall dimensions should be as 
uniform as possible, particularly 
around the openings. Differences 
in wall thickness can cause dif- 
ferent degrees of cure and the 
resulting stresses can cause warp- 
ing or cracking during service 
of the part. 

Obstructions to flow must be 
avoided as much as possible and 
sharp-cornered right angles 
should be avoided, since they give 
rise to eddying, resulting in flow 
marks and non-uniformity in 
strength. 

Because of the effect of after- 
shrinkage and seasonal changes 
in dimensions, threads on clo- 
sures should be made as deep 
as possible to provide satisfactory 
thread engagement, in case of 
swelling or shrinkage. 

Adequate clearance should be 
provided at mounting holes to 
allow for movement caused by 
dimension changes in the molded 
part. 


Typical applications 


Urea molding applications can 
be generally broken down into 
classifications such as closures, 
wiring devices, buttons, stove 
hardware, housings, and miscel- 
laneous. Miscellaneous applica- 
tions cover a wide range of prod- 
ucts including knobs, picnicware, 
and toilet seats, the most impor- 
tant differences being in the size 
of the part involved. Molding of 
these parts follows the same 
general rules as for parts of com- 
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parable sizes in the following 
categories. 

Buttons: Urea molding com- 
pounds are particularly useful 
for molding buttons. Using a stiff, 
fast-cure material, extremely 
fast molding cycles are possible. 
Fully automatic flat-bed presses 
can be used with molds having 
288 or more cavities. Smail, flat 
preforms are generally used 
which can be made from either 
granular or fine powder mate- 
rial. Cure temperatures are gen- 
erally relatively high, ranging 
up to 350° F. 

Fine powder material is often 
preferred for the following rea- 
sons: 1) lower initial material 
cost; 2) the possibility of coloring 
the material in the shop by ball- 
milling or micropulverizing with 
appropriate pigments, a _ pro- 
cedure which eases inventory 
problems for the molder; and 
3) greater ease of developing 
special decorative effects like 
swirls, mottles, spatters or other 
patterns. 

Finishing of buttons is gen- 
erally done by first tumbling to 
remove the flash, then cleaning 
the holes with a special broach- 
ing machine sometimes designed 
by the molder and finally tum- 
bling for polish. 

Closures: Because of their un- 
limited color possibilities, high 
gloss, and high degree of oil, 


grease and solvent resistance, 


urea moldings are particularly 
well suited for cosmetic packages 
and similar articles. A properly 
designed closure has adequate 
torque strength. 

Closure molding is almost an 
industry by itself. The parts are 
often molded on fast, completely 
automatic presses using either 
ball preforms or bulk loading. 
The force plugs in these presses 
are sometimes designed to un- 
screw the closure automatically. 
As the press opens, the plugs 
rotate by means of a rack and 
pirion and serrations in the 
cavities prevent the caps from 
rotating with the plugs. Smooth 
wall closures are held in place 
by the use of out-of-round cavi- 
ties. Rubber fingers complete the 
unthreading of the pieces. The 
closures drop into a catch pan 
and are blown or pushed out of 
the press; a loading board moves 
in from the opposite side of the 
press to recharge the cavities. 

Specially designed rotary 
presses are also used. These 
basically are rotating tables with 
self-contained, cam-operated 
molding units located on the 
periphery. Units can -run to 30 
or more. 

As the table rotates past static 
loading and unloading stations, 
the individual molds 1) open, 
2) discharge the molded part, 
3) receive a new charge of 
molding material, and 4) close. 


The cure is completed as the 
mold makes a complete cycle 
back to the first stage. 

The part is usually unthreaded 
at the unloading station by means 
of a rubber wheel or belt, al- 
though in some cases the part is 
stripped. If stripping is intended, 
the molding material should be 
of a grade selected to have suffi- 
cient resilience for stripability. 

This type of press is adaptable 
to molding small parts other than 
closures such as wiring devices 
and tube bases. Its advantages are 
relatively low tool costs, good 
molding speed, and ease of 
changing molds. 

Stiff, fast-curing material is 
generally used for molding clo- 
sures. As with other small parts, 
molding temperatures can be 
relatively high, ranging from 320 
to 350° F. Mold cycles should be 
kept as short as possible without 
undercuring the part. Undercure 
is often evidenced by blisters. In- 
creasing the cycle a few seconds 
beyond the blister point generally 
eliminates blisters and gives a 
satisfactory part. 

A straight close cycle is pre- 
ferred and used in most mold- 
ing operations. However, some 
presses are valved for breathe 
cycles. In any case, the press 
should have a controlled rate of 
close for uniformity of produc- 
tion. 

Electric wiring devices: These 





TABLE Il: Approximate molding conditions 





Area 
projected 


Part 


Draw 


sq. in. 


Buttons 
Closures 


14-2 
1-5 


Wall 
plates 
Razor 
housings 
Housings 
(small) 
Housings 
(large) 
Lighting 
reflectors 
(large) 


Section 
thickness 


f, i 
647/64 


No. of 
parts per 
lb. of 


material 


Mold 


temperature 


°F. 


150-1000 
30-200 


310-340 
300-350 


12-20 310-320 


10-20 300-315 


1-3 280-315 


Wg-Vi¢ 


1-4 lb. 
per piece 
1-4 lb. 


per piece 


280-305 


280-305 


Molding 
pressure 


Type of 
mold 


tons per 
cavity 


14-3 Flash 

1-9 Flash or 

semipositive 
Flash or 

semipositive 

Semipositive 


20-35 
15-25 
50-100 Semipositive 
150-1000 


Semipositive 


600-1500 Semipositive 
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Urea can be molded into 
such decorative items as 
lipstick containers. (Photo, 
Am. Cyanamid) 


parts such as_ switch 
triggers and multi-wall plates. 
Frequently they are molded on 
automatic and semi-automatic 
flat-bed presses as well as auto- 
matic rotary presses. Because of 
the irregular shape and design, 
with features such as internal 
bosses and rigs, relatively free- 
flowing material should be used. 
Materials classified as general- 
purpose with medium flow are 
considered to be satisfactory. 


include 


Typical molding temperatures 
range from 300 to 325° F. Pre- 
warming the material is advan- 
tageous, particularly in molding 
larger wiring devices. 

Large flat-bed 
presses ranging from 200 to 500 
tons capacity are generally used 
for the molding of relatively large 
parts, such as radio cabinets and 
other housings. Because of the 
size of the part and the deep 
draws usually involved, material 
with a long period of flow should 
be used. Grades classified as soft 
or even very soft may be re- 


Housings: 


quired and some manufacturers 
offer a special grade designated 
as housing material. 

Because of the heavy. cross- 
sections often involved, it may 
be necessary to keep the molding 
temperature as low as 280° F. 
with extended cure times. 

The molding of these large 
parts is facilitated by the use of 
molding material preheated by 
high frequency rotary can or 
other prewarming methods. 
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BY PAUL E. THOMAS* 


Tetrafluoroethylene (TFE) res- 
ins exhibit excellent thermal 
stability and an unusual reten- 
tion of physical properties up to 
temperatures approaching the 
crystalline melting point. TFE 
resins are unique in that they 
do not melt and flow as do con- 
ventional thermoplastics. When 
heated above 621°F. (327°C.), 
the resin undergoes a transition 
from its normal crystalline solid 
state to an amorphous gel state. 
In this gel state, particles of TFE 
resins fuse to give a structure 
of good strength. Based upon 
these characteristics, a number 
of processing techniques have 
been developed, which consist 
essentially of a cold-forming 
operation (preforming), followed 
by baking (sintering), and then 
cooling—as in powder metallurgy 
and molding ceramics. 


Molding resins 


There are three TFE resins that 
are commonly used in molding 
(see Table I, p. 735). These res- 
ins have somewhat different 
molding characteristics and are 
generally used in different appli- 
cations; Type I, a general-pur- 
pose resin, may however be used 
in all applications. Although TFE 
resins are not hygroscopic, it is 
advisable to store powders of 
TFE resin in a relatively dry 
atmosphere and at a temperature 
of from 70 to $0° F. This prevents 
condensation of atmospheric 
moisture onto the surface of the 
powder. 

Resin which has become wet 
can be dried in trays filled to 
a depth of 1 in. and exposed for 
1 hr. in a circulating-air oven at 
a temperature of 300° F. 


Equipment 


The major pieces of equipment 
needed for molding fall into two 


categories: presses and ovens. 
In general, standard compression 
presses have proven entirely ade- 
quate for parts in which the 
molding powder is manually 
loaded into the die. For maximum 
flexibility of operation, presses 

I. du Pont de Nemours & Co., Inc., 


Polychemicals Dept., Wilmington 98, Del. 
References were prepared by the editors. 


should preferably be equipped 
with ram speed controls that per- 
mit mold closing rates of 2 to 
60 in. a minute. For many small 
parts, such as packings and seals, 
automatic tableting presses sim- 
ilar to those used with powdered 
metals and ceramics are com- 
monly employed for preforming. 
Both mechanical-toggle action 
and relatively fast-acting hy- 
draulic-type tableting presses 
have proven satisfactory. Special 
feed hoppers and loading boxes 
to facilitate uniform loading of 
the powder in the die are avail- 
able from several prominent tab- 
leting-press manufacturers. 

Both electrically-heated and 
indirect gas-fired ovens can be 
employed for sintering. In gen- 
eral, forced-draft  electrically- 
heated ovens are preferred. 
Ovens for sintering should be 
capable of maintaining tempera- 
tures in the range 600 to 750° F. 
to within + 10°F. of the oven 
set point. For some operations it 
is desirable both to heat and cool 
parts relatively slowly. Ovens 
equipped with cam-programmed 
controllers have proven useful in 
this regard. 


Preforming 


The weight of powder placed 
in the mold controls the thickness 
of the finished piece. Therefore, 
when close tolerances are needed, 
it is necessary to maintain a con- 
stant weight load. Otherwise, 
volumetric loading devices may 
be used. 

Screening the resin just prior 
to loading improves the powder 
flow and reduces the tendency to 
“bridge” in a narrow die cavity. 
A sieve in the size range from 
U. S. Sieve number 6 to 10 is 
suitable. To produce a part which 
has a uniform density and 
shrinkage throughout, the pow- 
der must be loaded into the die 
cavity so as to give even distri- 
bution, and then leveled, all be- 
fore compression. After one 
charge has been compressed, it 
is not feasible to load another 
charge onto this preform, because 
a fracture line will result be- 
tween the first and second load- 
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ines. This fracture will not weld 
during the sintering operation 
unless the piece is sintered under 
pressure, as in the case of ram 
extrusion. 

Compression: It is important to 
avoid entrapment of air in the 
preform during the compression 
period. Air entrapment is more 
likely to occur in preforming 
large pieces. It can be avoided 
by closing the mold slowly. Too 
rapid application of pressure may 
cause cracks perpendicular to 
compression. 

Preform pressures depend 
upon the size, shape, and com- 
plexity of the molded article as 
well as the type of molding pow- 
der. For instance, preform pres- 
sures as low as 1000 p.s.i. are 
feasible when molding flat sec- 
tions from Teflon! 7X TFE resin. 
On the other hand, Teflon 1, the 
general-purpose molding powder, 
usually requires preform pres- 
sures on the order of 4000 to 8000 
p.s.i. for best results. In general, 
the highest preform pressure 
which does not produce objec- 
tionable flash or fractures in the 
finished article should be used. 

When the preform is to be 
3 in. or more in length, it is ad- 
visable to apply pressure from 
both the top and bottom of the 
die to minimize pressure decay 
and obtain uniform density. 


Sintering 


Preforms are usually sintered 
in ovens set at 680 to 720° F. 
Minimum sintering times can be 
estimated roughly by allowing 
1 hr. for each % in. of thickness. 
However, when parts are sintered 
in a mold, longer times are re- 
quired. These times can be esti- 
mated from the following rela- 
tionship: Sintering time (hr.) = 
3.5 (R-R’), where R is the inner 
radius of the mold and R’ is the 
radius of a core or mandrel, in 
inches. 

Large moldings should be 
heated slowly (30 to 100° F./hr.) 
in the region of the transition 
temperature, 621° F. If the pre- 
form is heated too rapidly, non- 
uniform expansion will cause 
Strains, which may produce 
cracks in the piece. 

Since temperatures above 740° 


eatomant of E. I. du Pont de Nemours 
ce Co., Inc. 





TABLE |: Molding characteristics of TFE resins 





Tetrafluoro- 
ethylene resin 


Typical 


Type [ 
(“Teflon’”” 1) 


Type II 
(“Teflon” 5) 


Sheet, tape 


No A.S.T.M. designa- Sheet, tape 
tion (“Tefion” 7X) 


1A.S.T.M. Specification D1457-56T 


*Trademark of E. I. du Pont de Nemours & Co 


applications 


Seals, packings, 
rod, complex shapes 4:1 


Typical 


Approximate preform 


compression ratio pressures, p.s.i. 


2000-10,000 


5:1 2000-6000 


1000-4000 


, Inc. 





F. may have a deleterious effect 
on the physical properties of the 
molded part, care should be 
exercised to avoid prolonged ex- 
posure to excessive 
temperatures. 


sintering 


Cooling 


Molded parts are cooled from 
the sintering temperature by 
cooling free of the mold, or 
coining either in the preform 
mold or a coining mold (see Fig. 
1, p. 736). 

The rate at which a molded 
part is cooled from above the 
crystalline melting point of 621° 
F. to temperatures of 575° F. in- 
fluences both properties (1)? and 
the final size and shape of the 


2 Numbers in parentheses link to Special Ref- 
erences on p. 738 


molding (2). In general, rapid 
cooling of a molded piece gives 
less shrinkage, lower density, 
but greater distortion. Distortion 
and dimensional tolerances can 
be more accurately controlled by 
slow cooling, from the sintering 
temperature to about 575°F., 
giving greater, but more uniform, 
shrinkage to the molding being 
treated. 


Molding without coining 

The following procedure is 
suggested for free cooling or 
molding without coining. This 
technique is commonly employed 
for many small parts, such as 
ring packings. 

1) Sift the resin directly into 
the die shell (U. S. Sieve Size 6 
to 10), and distribute the powder 





TABLE Il: Coining: 


why and how 





Reasons for coining 


To increase the final 
density of a molding 


To mold diaphragms or 
other thin shapes 


To produce complex 
shapes 


To improve 
tolerances part 


To form glossy surfaces sheets 


To prevent distortion sheets 


To reduce fractures in 
large moldings, preform, 
sinter, and coin in the tape 
same mold 


Example 


diaphragm 


precision 


cylinders 
for skiving 


Temperature 
of coining pressure, 
mold p-s.i. 


Coining 


large sheets cold 2000 


500-600°F. 1000-2000 


molding with 
undercut 


cold 5000-20,000 


cold 2000-5000 
cold 1000-2000 
cold 500 


2000 
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uniformly throughout the mold 
cavity. 

2) Insert the top-end plate 
and compress to about 4000 p.s.i. 
(Pressures between 1000 and 
10,000 p.s.i. may be used, de- 
pending on resin and end-product 
requirements. ) 

3) Remove the piece from the 
mold and sinter 1 hr. at 720° F. 
for each %4 in. of the greatest 
thickness. 

4) If flat surfaces and close 
tolerances are important, cool 
from 720 to 575° F. at a rate not 
greater than 45° F./hr., and then 
remove from oven. If slight dis- 
tortion is acceptable, the part 
may be removed from the oven 
without controlled cooling. 

Pieces preformed at 4000 p.s.i. 
and cooled at 45°F./hr. will 
shrink about 4% in the dimension 
perpendicular to compression. A 
similar piece cooled in air would 
shrink about 0.7 percent. Shrink- 
age at various conditions can be 
predicted (3). 


Coining 


Coining is a technique of cool- 
ing under pressure in a mold. 
Two of the cooling methods illus- 
trated in Fig. 1, below, are coining 
techniques. Pieces are coined for 
several different reasons as de- 
scribed in Table II, p. 735. How- 
ever, the techniques are essen- 
tially the same. A piece above 
621° F. (completely amorphous 


and translucent in appearance), 
is cooled under pressure in a 
mold. It may be removed from the 
mold just as soon as it is cool 
enough to handle. 

Pieces after coining will shrink 
appreciably during the first hour 
but will not reach complete 
equilibrium for at least three 
days. It is difficult to predict this 
shrinkage but an approximate 
value of 1.5 to 2.5% can be used 
as a guide. Parts preformed and 
coined at high pressures will 
shrink less than parts processed 
at low pressures. 


Good practice in mold design 
for TFE resins is similar to that 
used for thermosetting materials 
or powdered metals. For ordinary 
preforming at room temperature, 
the materials of construction are 
not critical. However, for accu- 
rate work, materials which can 
be hardened without distortion 
are recommended. The die shell 
and mandrel should be harder 
than the end plates to prevent 
galling. The molds used to fabri- 
cate the common shapes of TFE 
resins are simple. 

Preform molds: The cavities of 
preforming molds must be de- 
signed with sufficient volumetric 
capacity to compensate for the 
compression ratio and variation 
in bulk density of the resins. The 


approximate compression ratios 


Fig. 1: Schematic diagram of procedures in compression molding TFE 
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are shown in Table I, which will 
be found on p. 735. 

The clearance between the end 
plates and mold walls depends 
upon the amount of flash that 
can be tolerated. Radial clear- 
ances of 0.001 to 0.004 in. are gen- 
erally satisfactory. 

In preforming, it is difficult to 
force powders of TFE resins to 
flow. For molding complex 
shapes, this resistance to flow 
must be considered, and molds 
should be designed to minimize 
the requirement for flow, and to 
permit uniform compression on 
all sections of the preform. 
Spring-loaded molds and molds 
with telescoping sections are 
helpful in this respect. 

The shrinkage of a piece dur- 
ing molding must be considered 
in designing the preform mold. 
Having determined the desired 
process condition, the shrinkage 
can be predicted. (See discussion 
on shrinkage in the paragraphs 
above on molding without coin- 
ing.) 

Molds for coining: Molds such 
as coining molds which come in 
contact repeatedly with hot TFE 
resins should be chromium- 
plated (about 0.003 in. thick) to 
prevent corrosion. If the molds 
are to be used for a limited num- 
ber of pieces, the application of 
a silicone varnish (such as Dow 
Corning Silicone Varnish DC- 
993) to the surfaces of the mold 
may prove more economical than 
chromium-plating. 

Shapes that are flexible or 
tapered can be placed in the 
coining mold with no difficulty. 
For pieces with straight sides, 
a slight taper on the upper part 
of the coining mold will facilitate 
the entrance of the piece into the 
actual cavity. Sometimes the die 
blocks are cored for cooling or 
heating. The shrinkage of the 
part after coining must be con- 
sidered in designing the coining 
mold. (This shrinkage is dis- 
cussed in the section on coining.) 

The size of the preform mold 
required for a coining procedure 
can be determined by the use 
of slugs machined from stock 
which was molded at the selected 
preform conditions. Following a 
trial-and-error procedure, a slug 
is machined, which, in the amor- 
phous state, would fit the coining 
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mold. Then the preform die is 
designed so as to produce this 
slug. 

The preforming die should be 
smaller than the coining die, 
since the preform will expand 
during baking. The linear expan- 1% to 5 
sion is about 7 to 9% in the di- 5 to 10 
rection perpendicular to the ap- 10 to 15 


TABLE Ill: Mold dimensions for rods and tubes 





Desired O.D. 
of piece, in. 


I.D. of mold 


¥ in. larger than O.D. of piece 
4 in. larger than O.D. of piece 
¥ in. larger than O.D. of piece 


plied pressure, and up to 25% in 
the direction of pressure. Some 
shrinkage occurs during the 
transfer of the part from the 
oven to the coining mold. 

When preforming, sintering, 
and coining are done in the same 
mold, the shrinkage depends on 
the diameter of the piece. Table 
III, above, can be used as a guide 
for rods or tubes with wall thick- 
ness of 4% to 2% inches. 

In the case of tubes, the cores 
are made to the required nominal 
I.D.s. 


Effects of fabrication 


Properties such as _ stiffness, 
flexibility, tensile strength, and 
dielectric strength are affected by 
the process variables. Voids con- 
tent and crystallinity are two 
basic factors that affect the final 
properties of a molding (2). Since 
the voids which exist in the pre- 
form may be carried over into 
the finished article, the preform 
pressure is important. The rate 
of cooling is a key factor since it 
determines the final crystallinity 
of the molding. Table IV, below, 
indicates the preform pressure, 
cooling rate, and the level of 
crystallinity necessary to obtain 
optimum values. 

When considering a combina- 
tion of properties necessary for 
a specific end-use, it is important 
to note that the physical dimen- 
sions of a molded item may de- 
termine its final crystallinity by 
limiting the rate of cooling. Rapid 
cooling can be achieved for thin 
sections; however, in thicknesses 
greater than approximately \% in. 
the cooling rate is limited by heat 
conductivity of the polymer. 

The previously-described tech- 
niques are basically applicable, 
whether the end-product is a thin 
flat sheet, an irregular contoured 
seal, or a 60-Ib. solid block. The 
molding method is usually dic- 
tated by end-product property 
ind tolerance requirements, 
while the specific molding condi- 





tions are usually arrived at by 
making due allowance for the size 
and shape of the molded article. 
Detailed recommendations for 
fabricating specific items are 


available (3). 


Stress relieving 


Residual stresses are present 
in moldings which have been 
coined or rapidly cooled. In serv- 
ice, particularly at elevated tem- 
peratures, the stresses in these 
parts will tend to be relieved, 
resulting in distortion and di- 
mensional changes. These can be 
kept to a minimum by stress re- 
lieving before use at tempera- 
tures above the maximum use 
temperature. On the other hand, 
molded pieces which have been 
free-cooled slowly are essentially 
stress relieved and no further 
treatment is necessary. As a rule, 
heat-treating for 1 hr./in. of 
thickness is adequate, provided 
that the molding is subsequently 
cooled slowly. 

When extreme deformation 
during coining results in a high 
stress level, a molding will tend 
to revert to the original shape 
and dimensions of the preform 
at elevated temperatures. In such 
cases, service will be limited by 
the temperature at which the 
part distorts. 

Many years of experience have 


shown that TFE resins can be 
used up to at least 400° F. with- 
out any special precautions. At 
temperatures above 550° F., ana- 
lytical tests and laboratory ex- 
periments on animals have shown 
that gases are evolved which, if 
enough TFE resin is exposed at 
those temperatures for a long 
time, could result in a temporary 
illness. Adequate ventilation 
must be provided if TFE resins 
are heated above 500° F., partic- 
ularly at or above sintering tem- 
peratures (ranging from 650 to 
750° F.). 

Smoking cigarettes contami- 
nated with chips of resin can 
result in “polymer fume fever” 
which resembles an attack of in- 
fluenza. As the precursor of these 
symptoms is unknown, due large- 
ly to the fact that the symptoms 
have not been produced in labo- 
ratory animals, it is not known 
exactly at what temperatures the 
product(s) that cause these 
symptoms are released. It is 
known that below 400° F. no 
attacks have occurred and most, 
if not all, attacks occur only from 
direct exposure to pyrolysis 
products of polymer that is 
heated to or above sintering tem- 
peratures (650 to 750° F.). 

Adequate ventilation during 
fabrication (sintering and/or 
machining) and protection of 





TABLE IV: Suggested conditions for optimum properties 





Preform 


Property pressure 


Minor effect 
Minor effect 
Maximum 


Flexibility 
Stiffness 
Flex life 
Dielectric 
strength 
Resiliency 
Impermeability 
Ultimate strength 


Maximum 
Minor effect 
Maximum 
Maximum 


Desired 
crystallinity Cooling rate 
Low Rapid 
High Slow 
Low Rapid 


No effect No effect 
Low Rapid 
High Slow 
Low Rapid 
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Bellows are molded of TFE 
to maintain linear orienta- 
tion throughout convolu- 
tions, providing optimum 
tensile strength and fatigue 
life. (Photo, Resistoflex ) 


fabrication areas 
have been entirely effective in 
preventing “polymer fume fever” 
attacks. Reoccurrence of “poly- 
mer fume fever” attacks among 
workers, although it has not been 
shown to cause any permanent 
damage, is a sign of inadequate 
handling precautions. 


cigarettes in 


Special references 

1) “Effects of fabrication on the 
properties of ‘Teflon’ 
SPE J. (June 1956). 

2) “Influence of process vari- 
ables on shrinkage of moldings 
of ‘Teflon’ polytetrafluoroethylene 
resins,” SPE J. (Feb. 1957). 

3) “Molding techniques of 
‘Teflon’ tetrafluoroethylene res- 
in,” Du Pont’s Information Bul- 
letin No. X-7b. 


4 ” 
resins, 


Special references 

For further information on 
tetrafluoroethylene, see p. 116, 
on compression molding equip- 
ment, p. 940. For data on extru- 
sion, see p. 743. 

In addition, consult the Sub- 
ject Index and the Directory 
Index for additional information 
on the manufacture and process- 
ing of tetrafluoroethylene (TFE) 
resins. 

“Forming problems overcome,” 
Mopern Ptuastics 30, 121 (Feb. 
1953). 

“Fluorocarbons face fame and 
fortune,” Mopern Ptastics 30, 79 
(Dec. 1952). 

“Fluorocarbon moldings,” Mop- 
ERN Piastics 27, 148 (July 1950). 

“Teflon components and coat- 
ings,” Prod. Eng. 23, 140 (Sept. 
1952). 
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BY EDWARD F. BORRO, SR* 


There are two basic principles 
of molding phenolic thermosetting 
materials: 1) the conventional 
compression molding method, and 
2) the closed-mold method of 
molding. 

In compression molding, phe- 
nolic resin compound in powder 
or preform shape is loaded di- 
rectly into a hot cavity at an 
average temperature of 340° F. 
Hydraulic pressure of 2000 to 
10,000 p.s.i. is applied, causing the 
material to flow and fill out the 
entire cavity. 


Selecting molding pressure 


Molding pressure is the pres- 
sure which is exerted on the ma- 
terial within the cavity and the 
projected mold “land” area. The 
required compression molding 
pressure for phenolic materials 
depends upon: 1) the type of 
material to be molded; 2) con- 
ditioning and preheating of mate- 
rial prior to molding; 3) mold 
temperature; 4) the design of the 
part; and 5) the design of the 
mold. Usually, the semipositive 
and subcavity “one filling space” 
molds require higher pressure 
than the flash or positive molds. 

Generally, the pressure range 
for compression molding the vari- 
ous types of phenolic materials 
is between 2000 and 10,000 p.s.i. 
This, however, is a rather large 
range, especially when a prompt 
and definite decision must be 
made for each specific material. 
In many instances, insufficient 
pressure is provided, necessitating 
the use of softer materials, or in 
some cases, the operation of the 
mold with fewer cavities. 

Various methods for figuring 
the required molding pressures 
are used. The basic figure con- 
sists of 2000 to 3000 p.s.i. on the 
mold “land” projected area. This 
pressure is considered sufficient 
to mold an object using general- 
purpose material in “as is” condi- 
tion up to 1 in. in depth. The 
pressure requirements for extra 
depth should be progressive. 
However, since deep parts are 
seldom molded from material in 
* Supervisor, Molding Compounds, Durez 


Plastics Div., Hooker Electrochemical Co., 
North Tonawanda, N 


“as is’ condition, an average of 
700 p.s.i. is added for each addi- 
tional inch of depth. For example, 
a box 3 by 3 by 1 in. deep is to 
be molded with 4s-in. mold land 
surface. The molding area will be 
10.562 sq. in. * 3000 p.s.i. Hence, 
31,687 lb. force will be required 
per cavity. The same size box, but 
4 in. deep, would require 2100 
p.s.i. additional to mold the extra 
3-in. depth. The total required 
force per cavity would be 5100 
lb. 10.562 sq. in., or 53,866 
pounds. 

For efficient high-frequency 
preheated material, the added 
pressure for each additional inch 
of depth is reduced and the pres- 
sure on a projected area is also 
reduced. For example, when ex- 
tra-soft material is preheated to 
approximately 260° F., only 1000 
p.s.i. is required on the projected 
“land” area, and 250 p.s.i. for each 
additional inch of depth. These 
recommendations are based on a 
fast press travel of approximately 
1 in./sec. of pressing speed. The 
flow characteristics of thermoset- 
ting molding materials are more 
or less at a continually changing 
rate, particularly in the slow- 
closing presses. Previous tests 
and actual molding experience in- 
dicate that the pressure allowed 
for each in. of depth should be 
progressive as follows: first 4 in. 
of depth, 100 p.s.i. for each in. of 
depth; second 4 in. of depth, 200 
p.s.i. for each in. of depth; third, 
4 in. of depth, 300 p.s.i. for each 
in. of depth; fourth 4 in. of depth, 
400 p.s.i. for each in. of depth. For 





TABLE |: Molding pressures for 
various grades 


A.S.T.M. 
molding Molding 
index pressure, 


D-731 





Grade 


Very hard 
Hard 


20,000 
13,000 
Medium 10,000 
Medium soft 8,000 
Soft 6,700 
Very soft 5,000 
Extra soft 3,600 
Extremely soft 2,500 
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ie sake of simplicity, it is satis- 
ctory to use an average figure 
f 250 p.s.i. for each additional in. 
f depth. 
These pressure recommenda- 
ions are only applicable to parts 
vhich have a solid bottom. In the 
vent that an opening is to be 
nolded in the bottom of the part, 
it is necessary to increase the 
pressure up to 50%, particularly 
if the mold construction is such 
that a thin cut-off is used over 
the entire opening area. Pressure 
requirements can be somewhat 
reduced when a part is being 
molded with a through hole, and 
the force can be recessed from 
0.0015 to 0.0045 in. in depth up 
to approximately % in. within 
the cut-off edge. When this re- 
lief procedure is used, only 25% 
increase in pressure is necessary 
over an object which has a solid 
bottom. 

Phenolic molding materials are 
produced in various plasticities, 


also referred to as “fiow;” hence, 


within certain limitations, mate- 
rial can be selected to fit the job. 
However, this does not always 
result in the most economical 
production. A.S.T.M. Method 
D-731 can be used to determine 
the required molding pressure. 
Table I, p. 738, illustrates the 
range of grades produced. 
These molding pressures in 
p.s.i. are the minimum pressure 
required to close the A.S.T.M. 
cup mold on material in “as is” 
condition. The range of closing 
time at these pressures depends 
on the type of material and is 
generally between 26 and 40 sec- 
onds. For production design pur- 
pose and reasonably short mold- 
closing time, at least 50% above 


thickness of the filler itself is 
very often in excess of 0.005 inch. 
When high-frequency preheat- 
ing is used, at least 30° lower 
pressures can be used; however, 
the “fin” cut-off may not be re- 
duced because of the filler, as 
previously mentioned. 


Mold temperatures 

Mold temperatures are closely 
associated with molding pressure 
requirements. Generally, the mold 
temperature range is from 280 to 
380° F. The effect of various tem- 
peratures on the flow time and 
pressure is given in Table II, 
right. 

Obviously, the lower mold tem- 
peratures allow the material to 
flow longer. Consequently, the 
mold closes at much lower pres- 
sures. Using 2,500 p.s.i. for all of 
these temperatures, the closing 
time was as follows: 

Mold temp., °F Material Flow time, sec. 


270 as i 25 
320 as i 18 
340 as i 16 
370 as i 10 
320 preheated 2 
Our previously mentioned 
pressure calculations are based 
on 320 to 340° F. mold tempera- 
ture range. 


Curing time 


Combination of high mold tem- 
perature and hard-flowing mate- 
rials produces astoundingly fast 
curing results. 

Curing tests, as conducted on a 
cup molded of general-purpose 
wood flour-filled phenolic, are 
shown in Table III, below. The 
results on the “hard” material are 





TABLE Il: Effect of temperature 
Mold 


closing 





Mold 
temp. 


Flow 
Material _ time 


pressure 





F. sec. p.s.i. 
270 as is 43 1,315 
320 as is 27 1,580 
340 as is 21 1,970 
370 as is 10 2,450 
320 preheated 10 800 





unquestionably the best in each 
instance, with highest reduction 
in cure on the cold powder load. 
The advantage of the hard ma- 
terial is reduced on the high- 
frequency preheated powder and 
preforms. Hard cold powder is 
not recommended for parts with 
intricate pins and mold details 
because of possible mold damage. 
The greatest curing time advan- 
tage is obtained on high-frequen- 
cy preheated preforms and high 
mold temperatures. 

The allowance of surplus ma- 
terial for flashing has a definite 
bearing on the efficiency of mold- 
ing cycle. Table IV, p. 740, illus- 
trates the results obtained on 2, 
5, and 10% allowance. Close con- 
trol of material charge not only 
saves material, but press time as 
well. Minimum allowance for 
flash and close weight control will 
save up to 20% in cycle time. 


Shrinkage 

Molding shrinkage is the dif- 
ference between dimensions of 
the cold mold and of the molded 
article when measured at room 
temperature. In general, shrink- 
age varies with plasticity, mold- 





the stated minimum pressures 
should be allowed. For high- 
frequency -preheated material, 
the molding pressure in p.s.i. can 
be used as per Table I, or even 
somewhat lower if the molding . F. —Curing time, sec.— 
equipment is fast-operating. Cold powder 310 . no (or 
High-impact types of material ¥ S oa : a nro 
, " 100 115 
require an average of 50% higher 105 
molding pressure than the gen- 
eral-purpose types. This 


TABLE Ill: Curing times 


Compression cures-—— 
Preheat Mold 
temp. temp. 





Cup mold - 


Material Hard Med. Soft 


” ” 


R. F. powder : : 85 


75 
ecommendation applies to mate- site cn 3 : 5 65 


basic 


ials in above 0.6 ft.- i ‘ . 5 oO 60 


R. F. preforms 5é 65 


impact 
ounds. Generally, it is practically 
. 5 5 60 
npossible to operate a mold on hg = , 50 
igh-impact materials and retain 40 
thin fin cut-off, because the 
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TABLE IV: Effect of material 
allowance on molding cycle 





Material 
charge 


Closing 
time 


Total 
cycle 


Curing 
time 


% sec. sec. sec. 


rT 2 14 46 60 
+ 5 16 49 65 
+10 19 56 75 





ing pressure, and moisture con- 
tent. Compression molded values 
are in accordance with the 
A.S.T.M. D-955 method. Some 
manufacturers differ slightly in 
respect to molding for the various 
plasticities to obtain more precise 
and reproducible results. In gen- 
eral, compression molding 
shrinkage problems are not too 
great if reasonable care is exer- 
cised in pressure selection for 
specific plasticities, mold design, 
and storage of material. Density- 
test mold measuring 1.000-in. 
dia. and 1.0015-in. length at room 
temperature, illustrates the re- 
sults obtained on general-pur- 
pose, soft material in “as is” and 
high-frequency-preheated condi- 
tion at various pressures (see 
Table V, below). These results 
obviously indicate that the ma- 
terial is under compression at 
higher pressures, causing growth 
of the part after ejection from 
the mold. The actual shrinkage 
of the part does not change ma- 
terially from hot to cold piece. 


Closed mold molding 

The introduction of the pot- 
type transfer molding techniques 
in the early 1930’s was considered 


revolutionary; full advantage of 
this method of molding could not 
be realized, however, until ade- 
quate facilities for preheating the 
materials were developed. With 
the introduction of high-fre- 
quency preheating, it was possible 
to reduce the molding pressures 
as much as % and reduce cure 
time by half. 

The greatest improvement in 
speed of production was realized 
by combining high-frequency- 
preheating with plunger molding 
techniques. In some instances, this 
method of molding thermosetting 
materials is almost as fast as in- 
jection molding of thermoplastics. 

Repeated statements have been 
made that there is greater dimen- 
sional accuracy and stability in 
parts produced by the closed 
mold method of molding. In most 
instances this is not true. Greater 
dimensional and warpage prob- 
lems exist in these methods of 
molding than in the compression 
method. Most of the difficulties 
are generally traced to improper 
pressures, gating, plunger speed, 
preheating, and insufficient air 
venting. We are certain that run- 
ners and gates which will allow 
the material to enter the mold 
in the most fluid state will pro- 
duce parts with minimum of 
strains, with uniform density, and 
with superior dimensional accu- 
racy. 


Clamping pressure 


At least 10% extra clamping 
pressure must be provided to pre- 
vent the mold from floating and 
flashing by the hydrostatic ac- 
tion upon completion of trans- 





TABLE V: Shrinkage measurements 





Shrinkage Shrinkage 
length dia. 


Pressure 


p.s.i. in./in. in./in. 


General-purpose soft—“as is” condition, pills ———————_, 


2000 0085 .0080 
3000 0085 .007 
4000 0085 .007 
6000 0035 .000 


length dia. 


Measurement, 
hot piece 


Measurement, 
cold piece 
length dia. 


in. in. in, in. 


1.001 999 993 992 
1.002 1.001 993 993 
1.002 1.001 993 993 
1.005 1.007 998 1.000 


— General-purpose soft—high-frequency-preheated —————— 


2000 0075 .0085 
3000 .0085 .006 
4000 0055 .006 
6000 0055 006 


1.002 
1.005 
1.005 
1.006 


1.000 994 9915 
1.002 993 
1.001 996 
1.002 996 





ferring the material from the 
chamber into the cavity. When 
an accumulator system is used, 
it is advisable to exceed the 10% 
to compensate for the surge which 
is created by the fast travel. 

The ratio of clamping pressure- 
to-auxiliary ram pressure has 
always been a major problem 
when selecting molding equip- 
ment. Hence, equipment has been 
purchased with various ratios 
which ranged from as low as 3- 
to-1 to as high as 8-to-1. 

A study of a number of pres- 
ent transfer molding jobs, as well 
as many potential jobs, revealed 
a trend toward a ratio of 6-to-1, 
although the ratio of 5-to-1 fol- 
lowed closely. Since this lower 
ratio is required at certain times, 
it would be well to standardize 
the equipment at the 5-to-1 ratio 
and simplify the hydraulic equip- 
ment. For example, a press with 
a 3-to-1 auxiliary cylinder ratio 
requires a larger-diameter ram. 
This requires greater quantity of 
hydraulic fluid, resulting § in 
higher equipment cost. 

Assuming that a 300-ton press 
with a 60-ton auxiliary ram is 
purchased, a 4.38-in.-dia. trans- 
fer chamber can be used. This will 
supply 8000 p.s.i. transfer pres- 
sure, which is the minimum pres- 
sure recommended for high- 
frequency-preheated material. If 
4.25-in.-dia. preforms are used, 
quite a volume of material can 
be transferred. In most instances, 
this volume of material is far 
greater than will be possible to 
mold with 300 tons of clamping 
pressure, unless the part is deep 
with a small projected area. 


Pressure calculation 

Figures 1 and 2, p. 741, illus- 
trate a pot-type mold and an 
auxiliary ram-type transfer mold. 
The method of calculating the 
pressures and molding area for 
a pot-type mold is illustrated in 
Fig. 1, and the method of calcu- 
lating pressures and molding area 
in an auxiliary ram-type trans- 
fer mold is illustrated in Fig. 2. 


Gates and runners 

Many widely divergent opin- 
ions are held on this subject, and 
no attempt will be made to dis- 
cuss them here. Instead, the 
principal results of a rather ex- 
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tensive experimental transfer 
molding study (“Closed mold 
molding techniques,” by Edward 
F. Borro, Durez Plastics & Chem- 
icals, Inc., North Tonawanda, 
N. Y.) are summarized here: 

1) Full-round runners offer 
less resistance to flow than half- 
round, square, or rectangular 
runners of the same cross-section. 

2) Three closely grouped gates 
do not fill the cavity appreciably 
faster than the central one alone. 

3) For a given filling time, an 
8-in.-long runner requires twice 
the pressure as one of the same 
diameter and 2 in. long. The 
shortest possible runners should 
be used. 

4) As thermosets are forced to 
flow rapidly through small gates, 
the pressure drop is converted to 
heat in the material. This heat 
speeds the cure, and shortens the 
cycle. Thus, where high transfer 
pressures are tolerable, small 
gates are usually advantageous. 

The pinpoint or restricted gating 
principle used in injection mold- 
ing thermoplastics is successful 
because of the minimum of ex- 
posed metal surface with which 
the material comes in contact and 
the tubular insulating principle 
illustrated in top drawing in Fig. 
3, right. The material entering 
from the nozzle into the sprue at 
point A is rapidly solidified when 
it comes in contact with the cool 
mold surface. The insulating shell 
(B) allows the core of the mate- 
rial (C) to remain a fluid, result- 
ing in much longer flowing time 
through reduced gates. The tubu- 
lar insulation allows the material 
to enter the cavity at higher tem- 
peratures, resulting in uniform 
density. 

Restricted gating, in plunger 
and transfer molding thermoset- 
ting materials, acts similariy to 
gating in thermoplastics, except to 
a much smaller degree, and the 
reaction is the opposite. For ex- 
ample, if the material is preheated 
to 270° F and it is forced into a 
mold which is 340° F. (bottom 
drawing in Fig. 3), the cooler ma- 
terial (D) upon coming in contact 
with the hot mold surface (E) 
causes the material to react, re- 
sulting in a tubular insulator. 
This, in turn, retards the material 
reaction in the runner’s center. 

For the molder, many other 
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Fig. 1: B—Pot area; C—P a p.s.i., 
on pot; D—Press pressure; E Molding 
and runner area; F—Sprue diameter de- 
pends on length, should be at least 75% 
of runner area. B X C D; E + 10% 
= B; B — 10% = E; D/B = C 

Fig. 2: A—Pressure on pot cylinder; 
B—Pot area; C—Pressure, p.s.i., on pot; 
D—Clamping pressure; E—Molding and 
sprue area. A/B = C; D/C — 10% ) 
B Cra A: CxXE + 10% 


‘ D; 
A/C = B. 


Fig. 1: Pot-type mold (left); Fig. 2: Auxiliary ram-type transfer 
mold (right) 


Fig. 3 (below): Restricted gating in molding thermoplastics (top) 


and thermosets (bottom) 
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COMPRESSION MOLDING: PHENOLICS 


MATERIAL TEMPERATURE 270°F. 








TABLE VI: Mold shrinkage (transfer molding) 





Impact bar, 
0.060 in. gate, 
Shrinkage, in./i 
0.030 in. gate, 
Shrinkage, in./i 


0.0128 


Tensile bar, 
0.060 in. gate, 
Shrinkage, in./i 
0.030 in. gate, 
Shrinkage, in./i 


Plunger pressure, p.s.i. 


6500 


0.012 


0.0132 





problems pertaining to the shape 
of gates versus runners, multiple 
gates from single runners, sizes 
of runners, length of 
compression or 


runners, 
growth of the 
part, and properties of the mate- 
rial must be considered. 


Molded density 

Molded density is just one more 
subject which causes considerable 
controversy in the industry. Gen- 
erally, density is associated with: 
1) molding shrinkage; 2) internal 
stress; 3) dimensional stability; 
4) warpage; 5) physical proper- 
ties; and 6) molding problems. 
difficulties exist 
when the part has been com- 
pressed beyond its ultimate den- 
sity. 


The greatest 


The range between an unfilled 
piece and a piece molded to the 
extreme density is very slight and 
is usually controlled by the selec- 
tion of proper molding pressure, 
the plasticity of material, mold 
temperature, methods of preheat- 
ing, and clearance in the molds. 
Phenolic material can only be 
densified to a certain point. Ex- 


cessive pressures beyond this 


point cause expansion or growth 
of the molded part beyond the 
mold dimension. 


Shrinkage 
Shrinkage in transfer molding 
is from 25 to 50% greater than in 
compression molding. For exam- 
ple, there is a difference of 0.004 
in./in. between 2,500 and 10,000 
p.s.i. The following figures show 
shrinkage on transfer molded 
general-purpose material, where 
the mold temperature is 320° F., 
high-frequency preheat on a % 
by % by 5 in. impact bar: 
Plunger pressure, 
p.s.i. 


Shrinkage of 
5-in. dimension, in./in. 
0.0084 
0.0088 
0.0095 

0.010 
0.011 
0.0118 


10,000 
8,500 
7,500 
6,500 
5,000 
4,000 
3,500 0.012 
3,500 0.0124 
In some instances, thick and 
thin section parts will shrink 
differently because of the speed 
of material reaction in the mold 
and cooling upon ejection. For 
example, shrinkage obtained on 





TABLE Vil: Transfer (plunger) cures, Y2 by 2 by 5 in. bar, at 320° F. 





R. F. preforms; 265° F.; 320° F. 
R. F. preforms; 265° F.; 340° F 
R. F. preforms; 265° F.; 355° F. 
R. F. preforms; 265° F.; 370° F. 


14,000 


Minimum plunger press, p.s.i. 


9,750 
Flow 


——E 





+ 


5,900 





\ 


Medium Soft 


Curing time, sec. 





45 
42 
39 
36 





a general-purpose material 
molded in % by % by 5 in. impact 
bar and % by % by 9 in. tensile 
bar, using 0.030 and 0.060 in. 
gates are in Table VI, left. 


Physical properties 

Physical properties obtained by 
the “closed mold” method of 
molding vary somewhat with dif- 
ferent materials. Generally the 
properties are inferior to high- 
frequency compression molded 
properties and superior to non- 
preheated compression molded. 
For example, properties on gen- 
eral-purpose material, compres- 
sion molded non-preheated, com- 
pression molded high-frequency- 
preheated, and plunger molded 
high-frequency-preheated are: 


Type of mold: Plunger 


Compression 
Type of preheat: none R.F. R.F. 
Property 
Impact, 
ft.-Ib./in. 0.27 0.30 
Tensile, p.s.i. 7000 9000 
Flexural, p.s.i. 11,500 14,500 
Dielectric, 
v./mil 400 400 400 
Mica-filled materials show a 
slight increase in impact and con- 
siderable increase in tensile and 
flexural strength over the com- 
pression molded properties. 
Higher-impact-type materials 
like CFI 10 show substantial de- 
crease in properties, particularly 
in flexural and impact strengths. 
Actually CFI 10 material becomes 
CFI 5 when it is molded by the 
closed mold method. 


Cure 

Curing time in transfer molding 
depends upon material, pressure, 
mold temperature, runner and 
gate size, and the degree to which 
the material is preheated. Small 
gates, hot preheat, high pressure, 
and hard material produce the 
fastest cures. Table VII, left, 
illustrates cures on “hard,” “me- 
dium,” and “soft” general-pur- 
pose material. The greatest saving 
is by combining the hard material 
with high mold temperature. We 
must remember that higher plun- 
ger pressures are required for the 
hard material “14,000  p.s.i.” 
Higher pressure means smaller 
molding area. For example, mold- 
ing 50 sq. in. in the hard mate- 
rial would require 350 tons 
clamping pressure. The same area 
in soft material needs 137 tons. 
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ae is any process by 
which a material that does not 
deform rapidly under light loads 
is forced under relatively high 
pressures to flow through a re- 
stricted opening. The operation 
imparts a new shape to the ex- 
truded material or, as it is also 
known, the “extrudate.” Tooth- 
paste forced out from its tube, 
hamburger from a meat “grinder,” 
or cake decorations from a 
syringe are everyday examples of 
extrusion. (In all three instances, 
there is a shaping function as 
well as a transport function.) 

In plastics processing, only 
screw extrusion and ram extru- 
sion are used, and ram extrusion 
has important application only to 
the processing of TFE resin 
(Teflon). The discussion of ram 
extrusion, therefore, will be found 
in the article on extrusion of TFE 
resin, p. 756. This introduction 
will be concerned only with screw 
extrusion. 


Extrusion process 


A screw extruder (see Fig. 1, 
p. 744) has five basic parts: the 
screw, the barrel that contains it 
and provides drag on the ma- 
terial, a drive to turn the screw, 
a feed port, and the die, or shap- 
ing orifice, at the delivery end. 
Since most plastics are too rigid 
to extrude at room temperature, 
they must be heated considerably 
before they pass through the die. 
Since at least part of this heat 
is supplied by direct transfer 
through the barrel, heating 
equipment is furnished with the 
extruder. 

The screw can be thought of 
is having three zones—feeding, 
plasticating, and metering zones 

-though the transition from one 
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to another may sometimes be in- 
distinct. Each has its function, as 
discussed below. 


Feeding 


The plastic to be extruded en- 
ters the feed hopper in the form 
of small pellets (about % in. on 
a side) known as molding pow- 
der. Very soft stocks, such as 
plasticized vinyl, and _ various 
rubbers may be fed in strip form. 
The powder falls into the screw 
and attempts to rotate with it, 
but is held back by the drag of 
the stationary barrel. Because it 
is dragged back (the term “drag 
flow” applies to this action and is 
discussed on p. 744), the spiraling 
screw flight advances it axially. 
If the drag of the barrel could 
make itself felt fully throughout 
the entire mass, the plastic would 
advance in the form of a plug, 
much as a nut that is held ad- 
vances when the bolt is turned. 
On the other hand, if there were 
no friction at the barrel surface, 
we have the opposite action: no 
matter how much the screw turns, 
there is no advance (analogous to 
a nut that is not held). 

The feeding action in plastics 
extruders occasionally approaches 
one of these extremes, but more 
nearly always lies somewhere be- 
tween. The rate of advance thus 
depends on the friction between 
barrel and plastic and between 
the screw and the plastic, as well 
as on the screw geometry. Back 
pressure also affects advance, as 
would be expected. Equations de- 
scribing solids movement in ex- 
truders were developed by Dar- 
nell and Mol (11), who assumed 
that the solid mass is not sheared, 


1 Numbers in parentheses link to References 
listed on p. 747. 


i.e., behaves as a plug. Calculated 
results agree well with experi- 
mental outputs measured in 2- 
in.-dia. screws; divergences are 
due mostly to the difficulties of 
determining the coefficients of 
friction to be used. 

Some of the qualitative results 
of this theory were reached 
earlier by H. Decker (35), whose 
equations, however, were quan- 
titatively inadequate. They are: 
1) minimize friction between the 
plastic and the screw, by mini- 
mizing the contact area on the 
screw, by polish, or by chrome 
plating; 2) develop as high a co- 
efficient of friction as possible be- 
tween the plastic and the barrel, 
by roughening the barrel surface 
or even cutting grooves in it; 
3) choose the lead and profile of 
the screw to get the greatest axial 
components of motion and pres- 
sure; and 4) have a high bulk 
density in the feed. These con- 
clusions, borne out by the later 
quantitative work (11), imply 
that multiple flights are detri- 
mental to good feeding, and that 
dense, compact pellets rather than 
fluffy feeds should be used. 

The form of the particles fed 
into the extruder is also impor- 
tant, particularly in the smaller 
machines where the particle size 
is almost as large as the thread 
depth. Kennaway (20) tested 
various polyethylene feeds— 
rough cut particles, cubes, cold- 
cut spaghetti (cylinders), and 
hot-cut spaghetti (spheroids)— 
and found that spheroids gave 
higher, more regular output. 


Plasticating 


In the next stage of the ex- 
truder, the pellets are crushed to- 
gether and eventually fused into 
a molten mass that wets the bar- 
rel and screw surfaces. During 
this transition, the density of the 
material, in bulk, increases sharp- 
ly, sometimes as much as six- 
fold. With molding powders, a 
two- to four-fold change is com- 
mon. This change is allowed for 
by a corresponding change in the 
volume of the screw flight, and 
the ratio of the screw volume at 
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the feed section to that in the 
last turn before the die is called 
the compression ratio of the 
screw. 

Since we still know very little 
about the details of what happens 
to the feed particles during this 
plasticating or compression stage, 
there is still tremendous diver- 
gence among screw designers and 
extruders as to how this zone 
should be designed. There are 
screws in which the change in 
volume occurs almost as suddenly 
as a stair step—in half a turn of 
the screw. In others it begins with 
the second turn and is completed 
in the next to last, by gradually 
decreasing the lead or the thread 
depth of the screw, or both. In 
some, thread depth is decreased 
conically, in others helically. In- 
formation is lacking that would 
permit a sound decision as to just 
what method to use. What is 
known about the subject, how- 
ever, is as follows: 1) compres- 
sion should not begin until the 
feed has been brought up to a 
temperature in the neighborhood 
of its heat-distortion temperature 
or else bridging and stoppage of 
flow may occur; 2) if the feed 
section preceding compression is 
too short, slight fluctuations in 
back pressure can cause wide 
variations in feed rate; 3) a com- 
parative study of polyethylene 
extrusion in two screws having 
the same compression ratio 
showed the decreasing-thread- 
depth screw gave higher, steadier 
rates than the decreasing-lead 
screw (27). Also, for other rea- 
sons, given below, the decreasing- 


thread-depth method is much 
preferred to the decreasing-lead 
method. 


The metering zone 

Most screws made today for ex- 
truding plastics have a definite 
metering zone. This is the last 
threaded section of the screw, 
relatively shallow in thread depth, 
and with constant lead and depth 
throughout. As its name implies, 
its function is to regulate the rate 
of extrusion through the die. If 
the extrudate dimensions are to 
be kept within narrow limits, 
variations in extrusion rate must 
be reduced to the attainable mini- 
mum. Since the extrudate is usu- 
ally handled by take-off equip- 
ment running at constant lineal 
speed, any variation in extrusion 
rate causes an equal variation in 
the cross-section of the product. 

The operation of melt screws, 
and metering screws especially, is 
well understood. It happens that 
in melt screws, the non-Newton- 
ian flow behavior of plastics has 
little influence on screw perform- 
ance, so Newtonian flow theory 
applies rather well. The problem 
of output and pressure develop- 
ment in screw pumps was first 
solved by Rowell and Finlayson 
(36) and subsequently tackled 
with varying degrees of success 
by several other parties, appar- 
ently working pretty much in 
ignorance of the work of Rowell 
and Finlayson and each other. 
From the standpoint of plastics 
extrusion, the most thorough 
treatment appeared in 1953 (25). 
This symposium contained seven 


papers, five dealing with the 
theory, experimental behavior, 
and design of melt screws, one 
with scale-up of plasticating ex- 
truders, and one with heat trans- 
fer in extruders. Equations were 
developed giving the output, die 
pressure, and power consumption 
of melt screws in terms of their 
dimensions, speed, and the melt 
viscosity. While most of the work 
was directed toward metering 
screws, screws of varying dimen- 
sions were also considered. At the 
January 1953 conference of the 
SPE, three papers (28, 29, 30) 
that make up a good introduction 
to the subject were presented. 


Melt flow theory 

The notion of drag flow is fun- 
damental. Here, however, the ma- 
terial being dragged is a viscous 
liquid that shears uniformly 
throughout its depth. The drag 
flow forces the melt toward he 
discharge end of the screw. How- 
ever, the die offers resistance to 
discharge, so pressure is built up 
there. This pressure tends to 
force some of the liquid back- 
ward toward the feed end. At the 
same time, there is an increase of 
pressure from one turn to the 
next which causes backward 
leakage through the clearance be- 
tween the barrel and the flight 
land. The result of these three 
flows is the net output of the 
extruder. The equation is: 
Q=Q,—Q;—Q, (Eq. 1) 
In most melt screws it is safe to 
neglect the leakage flow, Q,, 
as a small fraction of the net. 

The drag flow and pressure flow 


Fig. 1: In the extrusion process softened plastic is forced by revolving screw through heated barrel and out of die 
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are functions of the screw dimen- 
sions and speed, and pressure flow 
depends also upon the melt vis- 
cosity and, of course, the pressure 
developed. If the screw and barrel 
surfaces are considered to be 
parallel, and the end effects due 
to the flights are ignored, the 
output is given by a simplified 
equation. This equation is shown 
directly below: 


nm D? Nh sin 9 cos 6 
7 2 

mDh*®sin?o@ AP 
- DL : (Eq. 2) 
where D = the average diameter 
of the screw =the major dia- 
meter minus the thread depth, h, 
inches. 

N = the screw speed, rev./sec- 
onds. 

L = the axial length of the melt 


zone, inches. 








u =the melt viscosity appro- 
priate to the operating conditions, 
lb., sec./sq. inch. 

= the lead angle of the screw. 
A lead distance of one diameter 
corresponds to a lead angle of 
about 18°. 

AP = the total rise in pressure 
(= pressure at the die), p.s.i. 

A and B are lumped constants. 

The flow through the die is also 
a pressure flow and must be equal 
to Q, since that is the output of 
the extruder. No matter what the 
shape of the die is, the discharge 
through it can be characterized 
by the equation which is shown 
directly below: 


ent = (Eq. 3) 


u 
where k = the die resistance, the 
value of which will depend on its 
dimensions, cu. inches. 

If Eqs. 2 and 3 are combined, 
the pressure and viscosity are 
eliminated. It is clear that con- 
sidering the extruder as a whole, 
the output depends only on the 
screw speed and the various 
dimensions of screw and die, and 
not on melt viscosity or pressure 
developed! 

AN 
Q= TB (Eq. 4) 
For any particular screw and die, 
therefore, a plot of Q versus N 
(operating characteristics) should 
be a straight line. Such plots, ob- 
tained from a 2 in.-dia. screw 
pumping heavy sirup through 
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Fig. 2: Operating 
characteristics for 
2-in. screw with 
three dies, having 
k values of 1.23, 
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three different dies, are shown 
in Fig. 2, above. 

Many assumptions and approx- 
imations were made in developing 
these equations. Equation 4, espe- 
cially, depends on an assumption 
that the melt viscosity is the same 
in the die as in the screw. Since 
ordinarily the shear rates at these 
points are different, and since 
plastic melt viscosities depend on 
the shear rate, this assumption 
will not usually be fulfilled. A 
striking example of how much dif- 
ference this can make appeared 
in Ref. 4; however, Eq. 4 serves as 
a useful guide in spite of its limit- 
ations. 

The theory also shows how the 
regulatory characteristics of a 
metering screw depend on the di- 
mensions. We can summarize 
thus: regulation is best in screws 
having small lead angles, shallow 
threads, and long lengths; unfor- 
tunately the output goes down as 
thread depth or lead angle is re- 
duced (see Eq. 2). A good com- 
promise range for lead angle is 
from 15 to 25°. It turns out (11) 
that the same range is useful in 
the feed zone to achieve good feed 
rates. It becomes convenient, then, 
to maintain a constant lead angle 
over the whole length of the screw 
and to achieve compression by re- 
duction of thread depth. This type 
of design also simplifies the ma- 
chining and reduces manufactur- 
ing cost of the screw. In cases 
where extremely high compres- 
sion ratios are needed, a combina- 
tion reduction may have to be 
used in order to get reasonable 
output. 

Recently, Squires (1) re-pre- 
sented the two-dimensional flow 
theory in the form of easy-to-use 
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correction factors that are applied 
to the simplified theory. He also 
proposed a correction that takes 
the curvature of the system into 
account, something that has been 
virtually ignored in the earlier 
work. 

At present, the type screw 
recommended for extrusion of 
acrylics, nylons, and polyethylene 
(see pp. 748, 759, and 768) seems 
to be doing a good job. It will 
probably serve for most thermo- 
plastics. The present design pro- 
cedure is to design the melt sec- 
tion (metering zone) according 
to the abovementioned theory. 
The feed zone is then made 
slightly more than ample to ac- 
commodate the change in density. 
The solids feeding theory provides 
confirmation of its capacity. 
Measurements made by the au- 
thors of that theory show that 
bulk densities of feeds measured 
in the screw are considerably less 
than in shipping containers, a fact 
not generally appreciated. It is the 
density of the feed in the screw 
that should be used in calculating 
the needed compression. 


Power requirements 


The shearing of viscous mate- 
rials takes work, and this work 
appears as heat generated 
throughout the material. Those 
areas where shearing is most 
rapid generally heat up the most. 
In an extruder the shear rate is 
fairly uniform, so the turning of 
the screw generates heat that is 
distributed evenly through the 
melt. By the time the melt reaches 
the metering zone, however, its 
viscosity has fallen to a level at 
which the amount of work re- 
quired to shear the melt is only a 
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small fraction of the total screw 
horsepower. 

Up to the present, no equations 
have been developed for the work 
done in the feed section, (though 
they should be derivable from the 
feeding equations), and the de- 
tailed mechanism of the plasticat- 
ing zone is not understood. But a 
simple heat balance sheds much 
light on power requirements. The 
feed enters, say, at room tempera- 
ture (70° F.), and leaves the die 
at some higher temperature, say 
370° F. If its average heat capac- 
ity over that range is 0.5 B.t.u./Ib., 
°F., and its heat of fusion is, say, 
15 B.t.u./Ib., °F., then a total of 
300 & 0.5 + 15= 165 Btu. (or 
about 0.065 hp.-hr.) must be sup- 
plied to extrude each pound of 
plastic. 

A fair rule of thumb to use is 
this: for every 10 lb./hr. of output 
capacity, about 1 hp. will have to 
be supplied by drive and heaters. 
Some of this can be supplied by 
preheating the feed, with sub- 
stantial increases in output and 
quality (12). This energy may be 
transferred as heat through the 
barrel (and screw) or may be 


provided through mechanical 


working of the plastic by the 
screw. Because plastics are poor 


conductors of heat, very high 
rates of heat transfer can be real- 
ized in extruders only if very high 
barrel temperatures and/or very 
long barrels are used. On the 
other hand, mechanical working 
supplies the energy evenly at the 
existing temperature level, thus 
tending to produce a homogene- 
ous and undegraded melt. 


Adiabatic extrusion 


In engineering thermodynamics, 
a sharp distinction is made be- 
tween heat as such, and work, 
even though the two are in many 
ways equivalent. A system, such 
as an extruder’s contents, that 
neither gives off nor receives 
heat, as heat, is said to be adia- 
batic. A well-insulated extruder 
can be made to operate adiabatic- 
ally (23), but at some sacrifice of 
versatility. 

The custom extruder usually 
will want to do a large fraction 
of his heating by mechanical 
working, using the barrel heaters 
for final adjustment of conditions. 
A versatile extrusion setup will 
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also provide for cooling the barrel 
and perhaps the screw. Improve- 
ments in quality have been real- 
ized by cooling the screw (2), but 
at a sacrifice of rate: freezing-out 
of the melt on the root of the 
screw in the metering zone re- 
duces the effective thread depth. 
This may result in better homog- 
enizing, but it definitely cuts down 
the drag flow. A completely 
adiabatic extruder becomes espe- 
cially attractive to the man using 
it day after day for the same job: 
once it is designed properly and 
set up, the operation practically 
controls itself. The equipment can 
be quite simple. 


The die is the focal point of the 
extruder. Here, the melt is forced 
into something closely approxi- 
mating its final shape. As has 
already been mentioned, dimen- 
sional uniformity requires the 
precise metering that is achieved 
by proper screw design and intel- 
ligent operation. Because plastic 
melts exhibit delayed elasticity 
(memory), the extrudate cross- 
section will not be geometrically 
congruent or even similar to the 
shape of the orifice, except in 
the simpler cases (wire-coatings, 
rods, sheets). This melt elasticity 
has not been investigated thor- 
oughly enough to reduce die de- 
sign to a science, but some strides 
have been made. Laboratory flow 
data can certainly be used to de- 
sign dies of simpler shape and to 
design the screws that are to be 
used with them. As Eq. 4 demon- 
strates, the two are intimately 
associated. 

In recent years a number of 
good articles have appeared on 
die design. One who is deeply in- 
terested in the subject must delve 
into the field of rheology, and 
many useful articles on flow prop- 
erties can be found in back issues 
of Mopern Ptastics, Journal of 
Applied Physics, Journal of Col- 
loid Science, Journal of Polymer 
Science, Industrial and Engineer- 
ing Chemistry, and others. 

The simplest dies are the spa- 
ghetti dies used in making mold- 
ing powder. Here the laboratory 
extrusion rheometry applies 
nicely, and no tight dimensional 
requirements need be met. Dies 
for rod extrusion are similar in 


principle, but usually there are 
more or less stringent tolerances 
on extrudate diameter. Pipe dies 
are more difficult, since both wall 
thickness and diameter must be 
controlled, and surface finish is 
important. In rod and pipe extru- 
sions, the problem of swelling of 
the extrudate, because of elas- 
ticity, is taken care of by having 
positive take-off devices draw 
down the extrudate to the desired 
finished diameter while it is be- 
ing quenched. Once quenched, 
swelling ceases. The same tech- 
nique, basically, is used in mono- 
filament and film extrusion. In ex- 
truding pipe, the land length is 
many times the width of the an- 
nular opening, a factor of 30 to 
50 being reported as optimum 
(9). Control of wall thickness 
increases in difficulty as wall 
thickness decreases. An effective 
die design for thin-walled tubing 
is really two dies in one—the 
forming die followed by a closely 
coupled chilling die (34). 

The design of cross-head sheet- 
ing dies has been discussed in 
Reference 8, taking into account 
the non-Newtonian character of 
plastic melt flow. The principal 
problem in sheeting manufacture 
is variation in thickness across 
the width of the film and in this 
article equations are given for 
achieving any desired degree of 
uniformity by choosing the criti- 
cal die dimensions on the basis of 
the melt behavior. K. E. Robbins 
(18) and H. O. Corbett (22) em- 
phasize the importance of making 
dies and die fixtures versatile and 
interchangeable. Robbins also in- 
troduced the dam-type sheeting 
die, a die in which a wide range 
of thicknesses can be made. An 
adjustable “dam” behind the die 
lips provides pressure compensa- 
tion over a range of flow rates. 

It has been shown that if the 
melt is forced through the die too 
strenuously, the shear stress may 
exceed a critical value, about 100 
p.s.i., and the extrudate will be- 
come rough (15). If the stress is 
increased even more, the extru- 
date will tear, even to the point 
of fragmentation. Much higher 
rates can be realized if the ap- 
proach to the constricted die lips 
is streamlined, (but even then 
there is a limit beyond which 
roughness sets in). Streamlining 
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helps not only to prevent rough- 
ness, but also helps to prevent 
melt from “hanging up” in the 
die. Dead spots in the die eventu- 
ally become filled with severely 
degraded polymer that can ruin 
the product. Vinyls are particu- 
larly sensitive in this respect. 
Some years ago Fisher pointed 
out that cross-head extrusion 
dies, originally developed for wire 
coating, offer the _ versatility 
needed for some interesting spe- 
cial effects (32). Multi-color ex- 
trusions can be made by hooking 
two or more extruders up to one 
die. In similar fashion, polyethyl- 
ene-lined vinyl tubing was ex- 
truded in one step. An interrup- 
ter in the die permits extrusion 
of ribbed tubing. And so on. 
Fisher gives construction details. 
Die design recommendations 
for individual resins will be found 
in the articles beginning on p. 748 
which cover specific materials. 


Mixing 


Extruders are often used to mix 
colors, stabilizers, and fillers into 
the resin. While not as effective 
for this purpose as 


intensive 
(Banbury) mixers, they often 
serve adequately. Years ago, it 
was thought that by extending 
the screw shaft in a long smooth 
nose or “torpedo” fitting closely 
in the barrel, dispersion of color 
particles would be improved. It is 
now known that the shear stresses 
attained are not nearly high 
enough to disperse pigment par- 
ticle aggregates. However, the 
long, thin annulus surrounding 
the torpedo offers tremendous re- 
sistance to the discharge of the 
screws. This means more back 
flow and more total shear, result- 
ing in better mixing. This added 
resistance increases the effective 
length of the melt zone and im- 
proves regulation, but with an 
output penalty. Packs of screens 
placed in the die before the lips 
have been used for the same pur- 
pose. Today it is recognized that 
proper design of the metering 
zone and die eliminates the need 
for additional front-end resist- 
ance. For the purpose of improved 
mixing, however, a new, helically 
grooved torpedo has been an- 
nounced (1B). This has the ad- 
vantage of not offering much re- 
striction while doing a good job of 
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subdividing and recombining the 
melt stream. 

In two recent papers, Mohr, 
Jepson, and Saxton (1A) pre- 
sented criteria for mixing in pure 
shear and showed that the amount 
of shear could be measured by 
the reduction in the striation 
thickness, the distance between 
the layers of the two distinct 
components making up the mix- 
ture. These notions were applied 
to screw extrusion to derive 
equations giving the reduction in 
striation thickness in an extruder 
as a function of the basic design 
variables. The work should be ap- 
plicable to dry coloring in injec- 
tion molding, too, and should pro- 
vide impetus for some new designs 
of mixing screws for single-screw 
extruders. 

Multi-screw extruders have 
long been used for compounding. 
Recent correspondence (10, 5) 
indicates there is still much di- 
vergence of opinion on their 
relative merits as compared with 
single-screw machines. Types 
having intermeshing screws ap- 
proach positive-displacement 
pumps in their metering charac- 
teristics, however, and from the 
regulation standpoint they are 
excellent. 

Recently M. S. Frenkel pro- 
posed the “imposed-order” ex- 
truder (14), a fancy machine de- 
signed for efficient mixing in 
which the screw diameter (both 
root and major) alternately in- 
creases and decreases. Both barrel 
and screw have flights. This ma- 
chine, on which patents have been 
granted, should do much to stir 
up thinking on extrusion-mixing. 


Extraction-extrusion 

Many molding powders contain 
residual volatiles—water, mono- 
mer, solvents—which will cause 
bubbles, surface roughness, and 
distortion if not removed before 
extrusion. One way to do this is 
to dry them in an oven or hopper- 
dryer, incidentally realizing the 
advantages of preheating (12). A 
second approach is to build the 
extruder with a vented zone 
where the volatiles can be flashed 
off after the plastic has been 
melted and brought to a tempera- 
ture well above the normal boil- 
ing point of the unwanted vola- 
tile matter. The vent may simply 


be open to the air, or a vacuum 
may be applied to speed things 
up and to keep the vapors out of 
the working area. In most such 
extruders and in the vacuum 
screw proposed by Bernhardt 
(13), the vented zone is rather 
short, but adequate for removal 
of up to 5% volatiles from the 
feed. 

The vented screw can be 
adapted to any extruder with a 
sufficiently long barrel (L/D = 
18 +-), and is by far the cheapest 
method of venting for an opera- 
tor who already has an extruder. 
Careful attention must be paid to 
the design of the different screw 
sections. 

The twin-screw extractor-ex- 
truder of Welding Engineers can 
have a very long vented zone and 
is capable of turning out a dry 
product (bubble-free) even from 
slurry feeds containing less than 
50% solids. 


Instrumentation 


In years past, extrusion was 
accomplished without benefit of 
any but the crudest instrumenta- 
tion. Today, increasing competi- 
tion requires high productivity. 
Good instrumentation not only 
saves man-hours, but eliminates 
man-errors. The standard modern 
extruder is provided with 3-zone 
heating and cooling, and appro- 
priate controllers. For the sake 
of knowing what is going on in 
the extruder, it is wise to have 
thermocouples in both the melt in 
the die and the die metal (17). A 
melt pressure gage (26, 19) in the 
die is a good indicator of rate fluc- 
tuations, and its signal output can 
be fed into a speed controller. 
Closer control is the trend in 
extrusion, as in injection molding. 
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BY J. F. GARBER* and J. R. HILTNER** 


Acrylics are commercially ex- 
truded for use in applications such 
as signs, display fixtures, um- 
brella handles, lighting fixtures, 
automobiles, and buildings. 
Conventional, single-stage ex- 
trusion machines, and vented ex- 
truders are used for extrusion of 
acrylics. The excellent thermal 
stability of these polymers makes 
it possible to extrude them with- 
out serious difficulty due to de- 
gradation. The machine should 
have at least two separately con- 
trolled heating zones along the 
cylinder, plus separate controls at 
the die and a water-jacketed sec- 
tion at the feed-hopper zone. 
Variable-speed drive should be 
provided for the extruder and an 
ammeter to show power consump- 
tion is desirable. For most acrylic 
extrusions, the single-flight, con- 
stant pitch, variable-depth screw 
without a torpedo (full-flighted) 
is satisfactory (see Fig. 1, p. 749). 


* Research engineer, and ** Research super- 
visor, Plastics Laboratory, Rohm & Haas Co., 
Bristol, Pa. 


Torpedoes have been used to ad- 
vantage in some applications, al- 
though they may tend to increase 
melt temperatures. 


Drying 

When preparing acrylic poly- 
mer for extrusion on single-stage 
machines, the feed must be very 
thoroughly dried. Preferably, this 
drying should be done at a tem- 
perature just below that where 
caking of the material will occur 
in the dryer. This can be done in 
an oven with good air circulation 
or in a hopper dryer of adequate 
size. Maximum temperatures will 
be approximately as follows for 
the various A.S.T.M._ grades 
(designation D-788-47T): Grade 
8 (heat-resistant), 200° F.; and 
Grade 6 (medium-flow), 180° F. 

Good air circulation and hu- 
midity control is essential. Norm- 
ally, when using a tray dryer with 
good air circulation and an ade- 
quate vent, 6-hr. drying will be 
sufficient with tray loadings lim- 
ited to a maximum depth of 1.5 
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Fig. 1: Screw pitch (A), constant 2% in.; 


dia. (B), 2% in.; root dia. 


at feed (C)—1% in.; root dia. at (D)—17% inches 


inches. Drying times can be more 
or less than 6 hr., depending on 
such factors as the thickness of 
the extruded section, air circula- 
tion, etc. If acrylics are dried in 
an oven simultaneously with 


other materials, contamination, 
either from fine solid dust or 
from volatile ingredients, such as 
plasticizers, etc., may be encoun- 
tered. Hopper dryers in their con- 
ventional form, and of sufficient 


size to provide adequate drying 
time, are satisfactory for acrylics. 
They have the very desirable fea- 
ture of providing material with a 
uniform feed temperature. This 
assists appreciably in maintaining 
dimensional accuracy and surface 
finish. With vented extruders, 
predrying may not be necessary. 

Since the subject of dies is so 
important to a discussion of ex- 
trusion technique, the following 
paragraphs will deal with various 
aspects of die design. 

The heat stability of the acryl- 
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A) Machine characteristics 


Normal output in lb./hr. from screws (L D 


Recommended screw type 
Compression ratio 
Minimum flight depth, in. 
Lead ratio? 

Screen pack 


Drive power, hp./ (lb./hr.) 


Operating conditions 


Melt temp. at die, ° F. 
General-purpose A.S.T.M. Type 6 
Heat-resistant A.S.T.M. Type 8 


Melt pressure at die, p.s.i. 
Screw cooling 
Entering temp., 
Predrying 
Metal temp., ° F. 


General-purpose type 


Rear cylinder 
Center of cylinder 
Front of cylinder 
Die 
Heat-resistant type 
Rear cylinder 
Center of cylinder 


Front of cylinder 
Die 


Feed throat temp., ° F. 


Maximum draw ratio® 


Compression ratio — 


Lead ratio = 


F. (Must be constant) 


Sheets and shapes 


20) of: 21 in. dia. 
3% in. dia. | 
414 in. dia. 


Ful 


Pref 


Not r 





Volume of thread in first turn past feed opening 
Volume of thread in last turn at output end 


Distance between corresponding points on successive turns of same flight 


Inside diameter of barrel 


Draw ratio 


Cross-sectional area of die opening 


Cross-sectional] area of finished (untrimmed) extrudate 


Up to 200 


Rods 


60 
160 
250 


50 
140 
220 


1-flight, constant pitch, variable-depth 
ae 
Ke 
1:1 


a1 
VY, 
2:3 


erably none Preferably none 


Yo 


Vo 


360-400 
380-420 


400-1800 


340-380 
350-400 


100-500 
Not recommended 


Up to 200 


ecommended 


See text on “Drying,” p. 748. 


340-390 
340-390 
310-340 
340-380 





350-450 
350-400 
325-375 
380-420 


350-400 
350-400 
325-350 


350-400 
125-180 125-180 


1.15:1 1.15:1 
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Pull pressure for emerging 
acrylic sheet is provided at 
3 points through the flat 
web at staggered locations. 
(Photo, Sheffield) 


ics allows them to be used in 
dies where the flow path would 
cause serious color degradation 
in less-stable materials. In order 
to produce the highest possible 
surface gloss, it is necessary that 
the die lands be given a good 
smooth finish extending at least 
34 in. back from the emerging 
face. As is the case for all rigid 
constant die 
temperature is necessary, particu- 
larly 


thermoplastics, a 


where close dimensional 











SECTION A-A 


Fig. 2: Center fed die, di- 
vided into 5 separately con- 
trolled temperature zones, 
is suitable for 48-in wide 
acrylic sheeting. Section 
views show features of the 
polymer flow path 


accuracy is required in the fin- 
ished product. Electric heat is 
relatively simple and can be con- 
trolled satisfactorily, using rea- 
sonably inexpensive equipment. 
As the width or complexity of 
the extruded part increases, the 
need for close temperature con- 
trol becomes increasingly impor- 
tant. In wider sections, properly 
controlled zone heating, using 
either proportioning controllers 
or manually controlled variable 
voltage transformers in conjunc- 
tion with on-off controllers, is 
well justified. Adequate insula- 
tion is a necessary adjunct to 
accurate die temperature control 
if dimensional accuracy is to be 
maintained. Without proper in- 
sulation, minor drafts and air 
currents may seriously affect the 
die temperature, resulting § in 
variable product quality. 

Preferably, dies should be de- 
signed to provide the necessary 
back pressure for stable opera- 
tion of the screw without the use 
of screen packs. This can often 
be accomplished by the use of 
long lands or restrictions behind 
the lands. 


Sheeting die 

A typical center-fed die suit- 
able for the extrusion of 48-in.- 
wide acrylic sheeting is shown in 
Fig. 2, below. The thickness uni- 
formity of the sheet can be varied 
by adjusting the temperature 
zones across the width of the die 
or by adjusting the opening “T” 
across the die. 


“ 
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SECTION B-B 


Actually, it is preferable to use 
a combination of the two adjust- 
ments. For optimum thickness 
control of physical properties of 
the extruded sheet, the tempera- 
ture gradients should be estab- 
lished so that the lip opening “T” 
can be as nearly uniform as pos- 
sible and approximately equal to 
the desired sheet thickness. 

“R” represents a_ restriction 
placed in the material path to 
supply a reasonable resistance to 
material flow in addition to that 
supplied by the extrusion die 
opening. The need for this re- 
striction increases as the opening 
of the lips increases; hence, the 
restriction “R” may be considered 
as a substitute for a wider land 
on the forming lips. “D” repre- 
sents a distributing channel to 
convey the material across the 
width of the die. The dimensions 
of this channel must be large 
enough reasonably to limit the 
pressure drop from the center of 
the die to the ends. The dimen- 
sions “R,” “D,” and “L” should 
be determined with some con- 
sideration of the extruder with 
which the die will be used. 


Oversize dies 


In some operations, it is de- 
sirable to use dies somewhat 
oversize so that the material may 
be drawn down no more than 
15% as it emerges from the die, 
and before cooling. In drawing 
down the extruded section it is 
important that this size reduction 
take place immediately after 
emerging from the die. If the ma- 
terial is allowed to cool even 
slightly before stretching, stresses 
will be frozen in and the extruded 
piece will shrink appreciably if 
reheated to its softening tempera- 
ture. This is of primary impor- 
tance in extruded sections which 
are to be reheated and formed 
into various products following 
the extrusion operation. 


Start-up 

Barrel temperatures and screw 
speed vary according to the 
screw type, and restrictions im- 
posed by the die. Equipment 
should be started in the higher 
ranges of temperature. Constant 
barrel and die temperatures of 
400° F. for grade 6 and’ 425° F. 
for grade 8 are suggested. After 
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actual extrusion starts, tempera- 
tures should be worked down to 
the ranges indicated in Table 1, 
p. 749. Precise operating tem- 
peratures will be dictated by the 
conditions of extrusion. Low 
ranges of screw speed should ac- 
company the high initial start-up 
temperatures. 


Take-off 

Acrylic extrusions have a high 
surface gloss as they emerge from 
the die. This eliminates the need 
for polishing rolls on the sheet 
take-off. 

Take-off equipment should be 
designed to preserve the luster of 
the extruded surface by using 
minimum contact area consistent 
with retention of the shape of 
the extruded form. Air cooling is 
usually employed. Short water 
quenches may be employed; how- 
ever, these quench baths may 
lead to formation of internal- 
shrinkage bubbles. 


Cut-off 


A power saw is the most satis- 
factory cut-off device. Automatic 
saws, in which the table travels 
with the extrusion as the cut is 
made, have been used success- 
fully. Adequate hold-down on 
both sides of the cut is necessary, 
or the problem of chipping will 
have to be dealt with. 

Hollow-ground, steel, circular 
saws are satisfactory, but carbide- 
tipped saws, while expensive, can 
usually be justified on the basis 
of improved quality of cut, longer 
life, etc. The following saws have 
been successfully used in trim- 
ming extruded acrylic sheet up 
to 14-in. thick. Both are 12 in. in 
diameter and operate at 3450 
r.p.m. to give a tooth speed in the 
range of 10,000 to 12,000 ft./min- 
ute. 

A) Carbide-tipped with 80 teeth 
of “square and advance” tooth 
design and % in. kerf. 

B) Hollow-ground steel with 
8 teeth/in., with a slight set and 
a 0 to 10-in. rake angle. 

The foregoing recommendations 
are also generally applicable to 
modified acrylics (e.g., Implex’); 
however, we suggest that the 
manufacturer be consulted about 
cut-off devices for specific grades 
of materials. 


t Trademark of Rohm an 
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BY E. C. CATHCART 


Included in the family of cellu- 
losics are acetate, butyrate, pro- 
pionate, and ethyl cellulose, 
among others. Although there will 
probably be several differences 
in the extrusion of each of these 
materials, the following basic 


rules can be used as a guide. 


Extruding technique 


The general machine charac- 
teristics and operating conditions 
involved in the extruding of cel- 
lulosics are listed in Table I, p. 
752. 

Screen pack: The number of 
screens and the mesh numbers 
of each screen depend largely on 
die land length and the appli- 
cation. A suggested screen pack 
arrangement for sheeting is a 14 
by 88 mesh used with a 24 by 24 
mesh backed up by a breaker 
plate to afford support. A sug- 
gested screen pack for extruding 
pipe is a 24 by 110 mesh used 
with a 12 by 12 mesh backed up 
with a breaker plate. 

Materials of construction: The 
following materials of construc- 
tion are recommended: 

Barrel—Any super-hard alloy. 

Screw—Stainless steel or ma- 
chine steel with top of flights 
hard-surfaced or with screw 
heat-treated to obtain additional 
surface hardness. 

Dies—Carbon steel or harden- 
able steels where desirable. 


Die design 

No specific rule of design will 
apply to every type of extrusion 
die. Almost every different shape 
to be extruded presents a differ- 
ent problem. Obviously, a die 
should be of a size that is within 
the capacity of the machine to 
heat and supply material of suit- 
able plasticity for extrusion. 

An important consideration in 
the construction of an extrusion 
die is the length of the land, 
which is the longitudinal channel 
through which the plastic mate- 
rial will pass just before emerg- 
ing from the die lips. The land 
should be long enough to provide 
the necessary amount of back 
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pressure, impart a lustrous finish 
to extruded products, and elimi- 
nate excessive shrinkage. It 
should not be so long as to retard 
materially the rate of extrusion. 

In general, the dimensions of 
the die orifice are the same as, 
or sometimes up to 25 to 30% 
larger than, the dimensions of the 
shape to be extruded. The thicker 
the section, the more nearly is 
the die constructed to the dimen- 
sion of the finished shape. By 
regulating the speed of the take- 
off equipment to a rate slightly 
faster than the rate of extrusion, 
the extruded shape can be drawn 
down to the desired dimensions 
before cooling and setting. 

The greatest difficulty usually 
encountered in the extrusion of 
sheeting from a flat die is to ob- 
tain uniform distribution of the 
hot plastic mass across the entire 
width of the die orifice. There 
is a considerable tendency for the 
material to flow directly through 
the center portion of the orifice, 
thus causing the sheeting to be 
thicker in the center section. This 
difficulty is overcome by a re- 
striction in the die just before 
the material enters the die lips. 
This restriction compresses a 
stream of hot plastic and forces 
it to flow laterally across the full 
width of the die before flowing 
on into the lips. The restriction 
also creates a back pressure on 
the material coming from the 
screw and aids in the elimination 
of voids and bubbles before the 
material reaches the die lips. To- 
gether with the torpedo adapter, 
the restriction makes possible the 
extrusion of sheeting that is free 
of ripples or “clouds.” A “cloud” 
is caused by variance in thickness, 
seen as alternate light and dark 
striations in a translucent sheet. 

A very important consideration 
that determines the surface ap- 
pearance of the sheeting is the 
temperature of the take-off rolls. 
The take-off rolls should be 
cooled just below the point where 
the sheet no longer has a tend- 
ency to stick to the rolls. 

Special precautions should be 
taken in the design of the die to 
smallest dead 


avoid even the 
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spot. The die should be stream- 
lined as much as possible to 
avoid any pocket or place for the 
material to hang up. 


Predrying 
Since cellulosics absorb water, 
it is necessary to dry the pellets 
prior to, or during, extrusion. 
Generally, hopper dryers or 


tray-drying in an oven are used. 
The drying time is usually about 
1% hr., but the extrudate must 
not contain over 0.3% of water 
or the product will show surface 
defects. As a rule of thumb, the 
hopper dryer should have a ca- 


pacity of 242 times that of the 
extruder. 

Drying temperatures range be- 
tween 125 and 190° F. 

It is generally recommended 
that the material be predried. 


Cooling 


On small-diameter tubing or 
extruded shapes where the pro- 
duction rate is fast, some cooling 
medium should be used. Com- 
pressed air is used widely as a 
cooling and supporting medium 
for products extruded of cellulo- 
sics. Free air at a rate of 100 cu. 


ft./min. is required to cool 4-in. 





TABLE |: Extrusion of cellulosics 





A) Machine characteristics 


) 


1 Compression ratio 


2 Lead ratio = 


® Draw ratio 


Diameter, in., of screw 
needed to deliver at 

60 r.p.m.: 

50 Ib./hr. 

150 lb./hr. 

400 lb./hr. 
Recommended L/D 
Recommended screw type 
Compression ratio! 

Depth of feed zone in 

150 lb./hr. screw, in. 
Lead ratio? 

Screen pack, mesh numbers 
in direction of flow 


drive power for 150 Ib./hr., 
hp. 


Operating conditions 





Melt temperature at die, °F. 


Approx. melt pressure at die, 
p.s.i. 

Is screw cooled? 

Is feed preheated? 


Metal temperatures, °F. 
Rear cylinder 
Halfway along cylinder 
Forward cylinder 
Die 
Is extrudate water quenched? 


Draw ratio* 


214 (Output is also largely dependent 
312 | upon application and capacity of 
4\% | take-off equipment 

15:1 or greater, regardless of application 
Metering screw with plain torpedo tip 
2% to 3:1 


5 8 regardless of application 

Variable on decreasing pitch screw 

Depend largely on die land length and the 
application (See text on “Screen pack,” 
p. 751) 

25 hp. (varies as a function of barrel 
length and specific screw design) 


This is a function of flow range 
of the resin being used. 
800 to 5000 depending on restriction in 
the die design 
No 
No—except as might result 
from drying prior to extrusion 
(See text on “predrying,” above) 


300 ( Figures are for an MH flow. In 
375 | general, temperatures should have 
po this spread regardless of applica- 
385 | tion. 

No. However, on small-dia. tubing or ex- 
truded shapes where production rate is 
fast, some cooling medium should be 
used (See text on “Cooling,” above) 

In general, the less the draw ratio, the 
better. The suggested draw ratio for 
shapes is 1:1, and for pipe 1:0.93, to 
eliminate introducing strains in product 


Volume of thread in first turn past feed opening 


Volume of thread in last turn at output end 


Distance betwen corresponding points on successive turns of same flight 


Inside diameter of barrel 


Cross-sectional area of die opening 


Cross-sectional area of finished (untrimmed) extrudate 





I. D. pipe with a %-in. wall 
thickness extruded of butyrate. 
This method of cooling is con- 
sidered to have a definite advan- 
tage over other methods in that 
the heavy-wall pipe is not chilled 
so quickly as to set up strains 
and cause brittleness. When 
cooling extruded shapes having 
sections of unequal thickness, the 
air jets can be so placed as to 
provide the greatest cooling ef- 
fect on the thicker section in 
order to provide fairly uniform 
cooling of the entire product. 
Otherwise, since the thicker sec- 
tion shrinks at a slower rate than 
the thinner section, warpage or 
distortion of the extruded prod- 
uct would result. 

Monofilaments can be satisfac- 
torily cooled in a water bath at 
a temperature of 120 to 140° F. 
The air gap should be as short 
as possible from the die to the 
cooling trough. The monofila- 
ments should be in water long 
enough to cool the material to its 
permanent set. 


Purging and handling 


Purging: The recommended 
routine is as follows: continue 
extrusion at minimum rates until 
all signs and indications of pre- 
vious extruded material disap- 
pear. However, there is not any 
purging routine substitute better 
than disassembling the machine 
and cleaning it by hand. 

Handling: Precaution should be 
taken during preheating to see 
that all the material is melted 
and that a cold slug does not re- 
main anywhere in the system. To 
overcome this hazard when pre- 
heating an extruder, care should 
be taken to see that all heater 
elements are working properly to 
give a uniform melt. 
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EXTRUSION: TFCE resins 





BY J. A. JUPA* 


Trifluorochloroethylene res- 
ins are versatile thermoplastics 
with a combination of outstand- 
ing physical and chemical prop- 
erties. They are high polymers of 
trifluorochloroethylene (TFCE), 
which can be used at tempera- 
tures up to 392°F. and as 
low as —320° F. The material is 
nonflammable and possesses ex- 
cellent weathering resistance, 
zero moisture absorption, tough- 
ness, transparency, excellent 
electrical properties, fungus re- 
sistance, and chemical inertness. 
Molding materials are supplied in 
the form of plasticized and un- 
plasticized powders. These mold- 
ing powders for extrusion pur- 
poses exist in the form of 
high-density granules or pellets 
(60 lb./cu. ft.) or low-density 
powder (19 lb./cu. ft.). Although 
both high- and low-density pow- 
ders can be used for extrusion 
work, most molding powders are 
identified by grade numbers, 
e.g., Kel-F' 270, 300, and 500 
plastic. In instances where there 
is greater flexibility desired, 
plasticized material (for example, 
Kel-F grade 300 P-25) is most 
commonly used; the amount of 
plasticizer could be varied to suit 
the application. 


Type of equipment 


Certain general requirements 
have been set up for extruding 
TFCE (see Table I, p. 754). More 
specific details are discussed be- 
low. 

TFCE has been extruded on 
most of the commercially manu- 
factured machines. Minor ma- 
chine modifications specific to 
TFCE might be necessary to in- 
sure high quality of extruded 
products. For the most part, elec- 
trically-heated extruders are 
used which are able to maintain 
uniform temperatures between 
300 and 675° F. The maintenance 
of the uniform temperature is 
most important since the charac- 
ter of the profile is dictated by its 
thermal history within the ex- 
truder. A system of heat control 


*Chemical Products Group, Minnesota Mining 


and Mfg. Co., 900 Bush Ave., St. Paul 6, Minn 
Kel-F is a trademark of Minnesota Mining 
and Mfg. Co. 
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which maintains a constant bal- 
ance between the heat lost to the 
plastic melt and the heat intro- 
duced by the heating system 
would approach ideal operating 
conditions. The temperature fluc- 
tuations should be kept to a min- 
imum in the range of +2° F. 
along the length of the barrel and 
die. It is particularly important to 
keep the die temperature con- 
stant. An excess of 10° F. at the 
die can cause excessive material 
breakdown while a temperature 
drop of 10°F. will give a satis- 
factory material. 

The contact surfaces of the 
barrel can be Xaloy 306, high 
chrome-nickel, stainless _ steel, 
Duranickel, or chromium-plated 
steel. 

With the exception of Xaloy 
306, the contact surfaces for 
screws should be the same as dis- 
cussed above for extruder barrel 
surfaces. Two types of screws 
have been found to be satis- 
factory—the conventional full- 
flighted screws having uniform 
pitch and increasing root diam- 
eter and the metering-type screw 
with uniform pitch and increasing 
root diameter. 

Compression ratios of 1% and 
2% to 1, have been most com- 
monly used. The contact surfaces 
should be smooth and highly pol- 
ished with a radial clearance of 
0.005 in. or less. Provision should 
be made to keep the hopper zone 
in the screw area relatively cool. 
This may be done with air or 
water. Excessive cooling in this 
area will place an unnecessary 
load on the drive mechanism and 
most likely be accompanied by 
“squealing.” 

Excessive heat in the hopper 
zone will result in premature 
melting of the TFCE molding 
powder and be manifested by loss 
of feed and bridging of the mold- 
ing powder in the hopper. The 
hopper should be made of stain- 
less steel or chromium-plated 
steel to prevent discoloration of 
extruded profile. 

Extrusion rates of TFCE mate- 
rials are lower than most common 
types of thermoplastics and there- 
fore it will be found that lower 


screw speeds are necessary. 
Therefore, provisions for screw 
speeds between 3 and approxi- 
mately 30 r.p.m. should be con- 
sidered. Screens are not usually 
necessary for extrusion of TFCE. 
However, to minimize the effect 
of surging and for more complete 
dispersion of color concentrates, 
a breaker plate with %-in. holes 
and screens between 40 and 100 
mesh have been successfully em- 
ployed. 


Die design 


The materials of construction 
of the die are similar to those 
recommended above for the bar- 
rel of the extruder with the ex- 
ception of Xaloy 306. For many 
rod and tube applications, die di- 
mensions approximately 10 to 
15% greater than the nominal size 
will be satisfactory. This should 
result in extrusions that have a 
low degree of strain. However, 
for increased production rates, 
less critical control problems, and 
in cases where the higher degree 
of strain is desired, the drawdown 
ratio can be scaled up accord- 
ingly. The most commonly used 
drawdown ratio is 3 to 1. Draw- 
down ratios as high as 12 to 1 
have been used for certain types 
of work. Figure 2, p. 755, shows 
a straight in-line tubing die; 
some suggested die dimensions 
for tubing are contained in Table 
II, p. 755. To maintain optimum 
properties in the final extruded 
piece, the highest temperatures 
should be concentrated at the 
exit portion of the die. This is 
accomplished by extending the 
die bushing 1 to 4 in. between the 
die head and using a band heater 
on this bushing to control the 
heat independently. It is most im- 
portant to have very accurate 
and uniform control of the die 
temperatures. A minimum num- 
ber of “spider” legs should be 
used. 


Wire insulation 


The high-melt viscosity of 
TFCE requires the use of tube-on 
techniques, rather than the con- 
ventional pressure type extrusion 
methods used on vinyls and other 
more highly plasticized thermo- 
plastics. The use of the tube-on 
techniques eliminates the restric- 
tive effect of small die sizes. In 
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TABLE |: Extrusion 


of trifluorochloroethylene 





A) Machine characteristics 





Recommended L/D 
Recommended screw type 


Compression ratio’ 

Lead ratio’ 

Screen pack, mesh numbers in 
direction of flow 


B) Operating conditions 
Melt temperature at die, °F. 
Approx. melt pressure at die, 
p.s.i. 
Screw cooling medium 
Feed preheating 





Sheeting 


(25+16):1 
Metering and 
conventional 

2:1 
1:1 


40,60,100 


580-590 


2000-3000 
air 
Unnecessary 


Wire coating | Shapes 


(25—16):1 (25—16):1 
Metering and Metering and 
conventional conventional 
2:1 2:1 
1:1 isi 


40,60,100 40,60,100 


580-590 580-590 
2000-3000 2000-3000 
air air 
Unnecessary Unnecessary 





Pipe 


(25—16):1 
Metering and 
conventional 

2:1 
1:1 


580-590 


2000-3000 
air 
Unnecessary 


Metal temperatures, °F. 
Rear cylinder 
Halfway along cylinder 
Forward cylinder 
Die 

Is extrudate water quenched? 
Water temp., °F. 
Air gap, in. 
Time in water, sec. 

Draw ratio*® 





400-450 
450-475 


400-450 
450-475 
500-550 500-550 
550-650 550-650 
Yes Yes 
50-70 50-70 
2-10 36-48 
30-60 30-60 
Variable Variable 





8 Compremion ratio= Volume of thread in first turn past feed opening 





Volume of thread in last turn at output end 


* Lead ratio = 


Distance between corresponding points on successive turns of same flight 





Inside diameter of barrel 


* Draw ratio = 


Cross-sectional area of die opening 





Cross-sectional area of finished (untrimmed) extrudate 


400-450 
450-475 


400-450 
450-475 
500-550 500-550 
550-650 550-650 
Yes Yes 
50-70 50-70 
2-10 2-10 
30-60 30-60 
Variable Variable 








this way the die sizes can be in- 
creased appreciably and the over- 
sized tube is drawn down onto 
the wire at the time it leaves 
the die. 

Considerable progress has been 
made within the last year on the 
die design most suitable for wire 
insulation with TFCE and also 
some basic principles have been 
established. Figure 1, below, 


shows correct and incorrect de- 
signs. The correct design stresses 
the minimum restriction to flow 
within the die to the land area. 
This allows the use of maximum 
pressure within the die and the 
positive movement of material. 
An enlarged view of the tip 
shows the land area has been 
moved back along the mandrel for 
a short distance and the guider 


Fig. 1: Correct and incorrect design for cross-head die to be used 
for extruding trifluorochloroethylene wire coating 


CORRECT DESIGN 
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| ENLARGED VIEW OF TIP 


CROSS-HEAD DIE FOR TFCE WIRE COATING 


1 MINIMUM RESTRICTION 
a4 Lhd 2. CORE HEATER 
\t y 3. TAPERED MANDREL TIP 


INCORRECT DESIGN 


LNARROW RESTRICTION 
OSS, 2NO CORE HEATER 
ASTRAGHT MANDREL 
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itself has been tapered. The die 
bushing essentially leaves the 
land area in a straight line. The 
use of a tapered tip shortens the 
length of the cone leaving the die, 
giving improved centering and 
lower shrinkage or strain. The 
use of an internal or core heater 
is recommended wherever pos- 
sible. This allows the over-all 
temperature of the plastic melt to 
be reduced and minimizes the ef- 
fect of material breakdown. How- 
ever, satisfactory work has been 
accomplished both with and with- 
out the employment of an internal 
heater. 

In the past, vertical extrusion 
has been recommended. Using 
the new die design, a_ shorter 
plastic cone is obtained and hori- 
zontal extrusion is_ possible. 
Horizontal techniques fit in with 
most existing wire insulating 
setups. For horizontal wire coat- 
ing, there has been added a de- 
vice on the entrance side of the 
die which would maintain the 
wire temperature close to that of 
the TFCE plastic leaving the die 
and a furnace on the exit side of 
the die to permit normal shrink- 
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age above the transition point 
(417° F.). The use of a wire 
heater should not be overlooked. 
Formerly, minimum quench dis- 
tances were recommended; that 
is, it was recommended that the 
wire be quickly quenched in wa- 
ter as soon as possible after 
leaving the die. More recent 
work has shown that a quench 
distance of three feet or possibly 
more results in lower shrinkage 
on the wire. The lower shrinkage, 
a maximum shrinkage of 45% or 
less, does not develop flareback 
when it is tested in accordance 
with the solder-dip test of MIL- 
W-16878. 

All other accessory equipment, 
such as pay-off capstan, spark- 
tester, and take-up are of conven- 
tional design. 


Operating temperatures 


In the final analysis, the actual 
temperatures used may be +25° 
F. or thereabouts of the suggested 
temperatures. It is important to 
have a reasonable temperature 
differential between various heat- 
ing zones so that the controlling 
effect is of a positive nature. The 
final temperature settings will be 
determined by the character of 
the extruded profile. Excessive 
temperatures are being used 
when material develops numerous 
bubbles. The temperatures are 
too low when the extruded profile 
is lumpy, rough, or has a snake- 
skin appearance. The correct 
temperatures are attained when 
the extruded profile is smooth, 
transparent, and clear after it 
leaves the die. It is most impor- 
tant to use the lowest practical 
temperatures. At 500° F. material 
temperature, TFCE will not de- 
velop any significant material 
breakdown in one to two hours. 
At a temperature of 550° F., 
TFCE would not suffer any ex- 
cessive breakdown within a half 


BAND HEATERS 


\ THERMOCOUPLE 


THERMOCOUPLE 


Fig. 2: Straight in-line die is recommended for extruding TFCE 
when production runs are long 


hour or less. In the neighborhood 
of 600° F., significant breakdown 
could take place within minutes. 
Therefore, it is important to keep 
the higher temperatures near the 
exit portion of the die where the 
contact time is reduced to a mini- 
mum. As indicated above, mate- 
rial breakdown is a function of 
the time and temperature, that is, 
the rate of material breakdown 
increases with temperature and 
with time at any fixed tempera- 
ture. 


Product quality 


TFCE is essentially a crystal- 
line material. The degree of crys- 
tallinity can be modified by vari- 
ous heat treatments. Within 
certain limits, if a clear transpar- 
ent tube is required, quick 
quenching in water is recom- 
mended; however, if it is desired 
to increase the rigidity of the 
tubing, a more crystalline or more 
slowly cooled medium is sug- 
gested. Normally, cooling the ex- 





TABLE Il: Suggested die dimensions 





A*—Land length, in. 
B*—Mandrel diameter, O.D. 
C*—Die bushing, I.D. 


0.180 to 1.50 


-—tTube size, O.D. in inches— 


14g to 16 to1% 


1 to 2 2 to 3 
3 times nominal inside diameter 
1.50 to 3.75 


* The letters A, B, and C refer to the same locations of these letters shown in the schematic draw- 


ings, Fig. 2, p. 755. 
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truded profile in air will serve to 
increase the degree of crystal- 
linity and the general stiffness of 
the product. However, a subse- 
quent, prolonged heat treatment 
can induce further crystallinity. 
Good clarity by quick quenching 
can be expected in profile thick- 
nesses up to \%& in.; beyond this 
section thickness, the clarity 
gradually diminishes to a trans- 
lucent effect. 

The useful life of any extruded 
plastic article is to a great extent 
a function of its retained or resid- 
ual molecular weight. Therefore, 
minimum breakdown in the ex- 
trusion process should be consid- 
ered a desirable goal. The extent 
of material breakdown during 
extrusion can be measured with 
various devices. In the case of 
TFCE, the ZST apparatus has 
been found very useful as a qual- 
ity control device. In this device, 
a prepared test specimen with a 
double notch at the center is sus- 
pended in a constant temperature 
chamber with a fixed weight sus- 
pended from one end. The period 
of time in seconds required for 
this specimen to break is a meas- 
ure of its relative molecular 
weight. The higher the value in 
seconds, the higher the molecular 
weight; the lower the value, the 
lower the molecular weight. This 
device will make it possible to 
maintain uniform quality of ex- 
truded products. 
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BY WALLACE B. THOMPSON, JR.*, ROBERT E. STABLER*, 
L. THOMAS BUNN*, and DELBERT N. DeYOUNG* 


The TFE-fluorocarbon _ resins 
offer a unique combination of 
properties of particular impor- 
tance to the chemical and elec- 
trical industries. 

Early in the resin’s history, the 
combination of thermal stability 
and chemical inertness indicated 
that TFE resins could be used 
more advantageously than other 
materials for: 1) making tubing 
and hose to convey corrosive liq- 
quids having a wide range of 
temperatures and 2) for high- 
temperature wire insulation. 

Initially, limitations were im- 
posed on the production of these 
forms because the resin could 
not be melt-fabricated even at 
temperatures above its crystalline 
melting point of 620° F. (327° C.). 
Experimental work in Du Pont 
laboratories, based on the use of 
Tefion 6! TFE-fluorocarbon resin, 
resulted in the development of a 
simple and unique technique for 
overcoming previous limitations. 

This technique is based on the 
blending of an extrusion aid with 
the tetrafluoroethylene resin and 
preforming the mixture to a 
cylindrical billet by compression 
at 100 to 300 p.s.i. pressure for 
use in a ram-type extruder. The 
composition is forced through a 
forming die by the ram, the ex- 
trusion aid is vaporized (at 200 
to 575° F.), and the extrudate is 
sintered and cooled as finished 
tubing or wire insulation. 

Sifting the resin through a 4- 
mesh screen is recommended 
prior to blending with the extru- 
sion aid or lubricant. Since ex- 
cessive working is deleterous to 
the polymer at ths point, the 
sieve should be vibrated just long 
enough to allow most of the fine 


powder to through the 
screen. 


pass 


Preparation of compound 


The addition of extrusion aids 
to the resin provides composi- 
tions which can be extruded at 
reasonable pressures. The main 
* Polychemicals Dept., E. I. du Pont_de 
Nemours & Co., Inc., Wilmington 98, Del. 


1 Trademark of E. I. du Pont de Nemours & 
Co., Inc 


References were prepared by the editors. 
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requirements of a good extrusion 
aid are: 1) ease of incorporation 
into the resin and 2) complete 
and rapid volatilization below the 
sintering temperature with little 
or no carbon formation. 

VM&P grade naphtha? is rec- 
ommended for general use as an 
extrusion aid. White oil has also 
been used extensively for this 
purpose. 

The steps in compounding are 
as follows: 

1) Provide a clean, dry con- 
tainer of suitable size and pro- 
portions with a tight closure. For 
a 1000-g. batch of Teflon, a 1-gal., 
wide-mouth bottle is a suitable 
container. 

2) Weigh the required quantity 
of sifted TFE resin and pour it 
into the container. Add the 
weighed quantity of extrusion 
aid, taking care that the liquid 
does not wet the walls of the 
container. The ingredients should 
be weighed with a precision of at 
least +0.5%, preferably +0.2 
percent. 

3) As soon as the extrusion aid 
is absorbed, close the container 
and shake to minimize wetting 
container walls with liquid. 

4) Place the container on a 
suitable rolling device. (For a 1- 
or 5-gal. bottle, 20 min., at 15 
r.p.m. is recommended.) 

5) Store the blend for 24 hr. 
to allow a uniform distribution of 
the extrusion aid throughout the 
powder. 

The amount of extrusion aid 
which is required varies with the 
type of liquid used and the geo- 
metry of the extruder. Some ex- 
perimentation will be required 
to determine the optimum con- 
ditions. Generally, 19 to 25 parts 
per 100 parts of resin are needed. 
Adequate precautions should be 
taken to avoid fire when using 
naphtha. 


Preparation of preform 


To prepare the preform, a 
quantity of the blended composi- 
tion is compacted in a cylinder 





2VM&P naphtha of specific gravity 0.735 to 
0.749; boiling range 194 to 248° F. 








which has a core. The dimen- 
sions of the cylinder should allow 
for a 20- to 30-mil radial clear- 
ance between the preform and the 
walls of the extruder cylinder 
and its mandrel. It should also be 
at least 2% times as long as the 
preform since the compression 
ratio of the compounded resin is 
about 2.25:1. 

A weighed quantity of the 
blended material is poured into 
the cylinder with care to assure 
even distribution of the powder 
around the mandrel. 

After inserting the closure plug 
in the preform cylinder, pressure 
should be built up to about 100 
to 300 p.s.i. on the stock over a 
period of about 3 minutes. The 
peak pressure should be main- 
tained for about % min. and the 
pressure slowly released. Great 
care should be used in pushing 
the preform out of the die. 


Tubing extrusion equipment 

The basic equipment (see Fig. 
1, p. 757) used for the extrusion 
of tubing from compounded resin 
consists of a ram, a mandrel over 
which the ram travels, a cylinder, 
and a die, all supported on a 
frame. 

A hydraulic piston is preferred 
as a device for driving the ram, 
although a screw-jack has been 
successfully employed to drive 
small-diameter rams. Equipment 
capable of providing 10,000 p.s.i. 
at the ram face should be ade- 
quate for most applications. 

For small tubing, the extruder 
may be either horizontal or verti- 
cal, but for tubing more than 1 in. 
in diameter, it should be vertical. 
The mandrel forming the bore of 
the tubing can be straight or 
tapered at the approach to the 
die land. The die is normally 
tapered from the diameter of the 
cylinder down to the size re- 
quired for the tubing. 

The die land should be long 
enough to prevent curling or 
swelling of the extruded piece and 
to provide enough back-pressure 
to form a dense product. Table I, 
p. 758, lists recommendations for 
land length and die taper angle. 


Tubing extrusion operation 
The extrusion process is carried 

out on a batch basis. The machine 

must be stopped after each pre- 
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form has been extruded and a 
new preform inserted. 

In starting up an empty ex- 
truder, a tube 2 to 3 in. long, and 
carefully machined to the proper 
size, should be inserted in the die 
land from the discharge end of 
the die. It should fit snugly since 
it serves to center the mandrel 
with respect to the die body. 
When the stock of resin flows 
into the annular die land, the 
stock itself holds the mandrel in 
a centered position and pushes 
the positioning tube or centering 
ring out of the die. 

The pressure required for ex- 
trusion will vary, depending on 
machine design and processing 
conditions. Relatively high pres- 
sures are required if the concen- 
tration of extrusion aid is low, if 
the taper angle of the die is rela- 
tively large, if the land below the 
orifice is long, or if the ratio of 
the cross-section of the preform 
to that of the product is large. 
This is called the reduction ratio. 

If the pressure required is too 
high, the capacity of the machine 
may be taxed or the tubing may 
be excessively oriented so that it 
tends to develop longitudinal 
splits. If the extrudate is pro- 
duced under too low an extru- 
sion pressure, it may be weak and 
porous. This can be corrected by 
reducing the amount of extru- 
sion aid used or by altering the 
die and cylinder geometry to in- 
crease back pressure. 


Drying and sintering of tubing 


The tubing leaving the extru- 
sion die is first heated for a 
sufficient length of time to evapo- 
rate the extrusion aid. Initial oven 
temperatures, only slightly higher 
than 200° F., are used for thick 
cross-sections. Temperatures up 
to 575° F. can be used for thin 
walls (such as 15 mils). The tub- 
ing temperature should reach 700 
to 750° F. in the sintering zone. 

Removal of the volatile extru- 
sion aid should be performed at 
a rate slow enough to prevent 
blistering. With naptha as the 
extrusion aid, less than 5 min. is 
required for small tubing; up to 
20 min. for 2-in. tubing with a 
60-mil wall. 

The additional heating time re- 
quired for sintering is approxi- 
mately the same as that required 
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Fig. 1: Basic equipment for 
extruding thin-wall tubing 
of TFE resin 
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for volatilization when the heat 
source is hot air. The use of 
infrared heat reduces this time. 

As much as 40% shrinkage, 
most of which occurs in the ma- 
chine direction, may take place. 
Wall thickness changes are small. 


Fig. 2: Basic equipment for 
extruding wire insulation 
from TFE resin 
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The time the resin should re- 
main in the amorphous state at 
temperatures above 620° F. must 
be determined experimentally and 
depends partly on the degree of 
longitudinal orientation produced 
during extrusion. The major por- 
tion of this orientation must be 
destroyed so that the finished 
tubing will have adequate 
strength in the circumferential 
direction. 

Tubing over about 1 in. in di- 
ameter tends to distort out of 
round during sintering and cool- 
ing. This can be minimized by 
suspending shaping bulbs from 
the end of the mandrel at a point 
just below the sintering zone. 
These bulbs should be smooth, 
round in cross-section, and % to 
46 in. smaller than the inside di- 
ameter of the tubing. 

For tubing over 1 in. in di- 
ameter, nitrogen should be flushed 
through the tubing via a suction 
system connected through the 
mandrel to remove extrusion aid 
vapors inside of the tubing. 


Wire coating extrusion 
equipment 

The equipment used for the ex- 
trusion of wire insulation from 
compounded TFE resin (see 
Fig. 2, left) consists of an 
extruder cylinder and ram, a die, 
a drying and sintering oven, and 
standard wire coating pay-off and 
wind-up machinery. 

The ram is driven by a screw- 
jack mechanism which enables a 
constant throughput of resin 
regardless of extrusion pressure. 
This constant delivery is required 
to insure good caliper control of 
the extrudate. The extruder cylin- 
der and ram should be able to 
withstand extrusion pressures as 
high as 30,000 p.s.i. 

The die (see Fig. 3, p. 758) is 
used to form the compounded 
preform into a strong fibrous 
coating with the desired wall 
thickness on the wire. The vari- 
ables affecting the die perform- 
ance are as follows: 

1) The degree of included angle 
of the die cone; 2) the diameter 
of the die land; 3) the length of 
the die land; and 4) the tempera- 
ture of die during extrusion. 

The included angle of the die 
cone affects the extrusion pres- 
sure and the smoothness of the 
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compounded TFE resin is forced 
through an extrusion die onto the 
wire by a ram. The pressure 
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Fig. 3: Die for the extrusion of wire insulation from TFE resin, 


used in set-up shown in Fig. 2., p. 757 


extrudate. A 20° included angle 
die appears most suitable, par- 
ticularly for thin-wall hook-up 
wire fabrication. Dies having an 
included angle of 30° are also 
used for thicker wall insulations. 

The die land diameter is the 
basic determinant of the extrudate 
diameter. Generally, the die land 
diameter should be about 5 to 20% 
less than the extrudate diameter. 
The extrudate diameter can be 
calculated to + 1 mil by using 
equation (1) which was derived 
for the extrusion of Teflon 6 using 
No. 30 white oil or VM&P naptha 
as an extrusion aid. The extrudate 
diameter is related to the volu- 
metric displacement rate of the 
ram and the wire coating speed 
by equation (2). 


2 2 
De _ Dw x 
— > 3 = 0-944 + ae -—— 
D,” — Dy 1—X 


3x 
Ve 10° (D,” _ Dw’) Sw (2) 


where: D,, = extrudate diameter 
in mils; D, = product diameter in 
mils; Dy = conductor diameter in 
mils; X = lubricant concentration 
in g./g. of lubricated tetrafluoro- 
ethylene; Vz = volumetric dis- 
placement rate of ram (cu. in./ 


posed by the wire which causes 
the coating to tear when land 
length is excessive. In practice, 
die land lengths from \% to % in. 
produce an extrudate with a 
smooth surface, free from tears. 
The temperature of the die dur- 
ing extrusion should be main- 
tained above 75° F. Heating the 
die aids the drying operation by 
preheating the extrudate, which 
increases the rate of diffusion of 
the lubricant to the surface of the 
coating where it can be vaporized. 
The guide tube and tip provide 
a guide for the wire through the 
extruder cylinder to the entrance 
of the die land. The clearance be- 
tween the die land entrance and 
the guide tube tip can be varied to 
control the length of wire exposed 


to the compounded polymer in the 
die. 


Wire coating extrusion 
operation 

Wire coating extrusion, like the 
extrusion of tubing, is carried out 
on a batch basis. The preform of 


required to extrude this stock is 
highly dependent on the reduction 
ratio which is a direct measure of 
the shear or deformation imposed 
on the resin particles. 

In practice, successful fabrica- 
tion is limited by the upper and 
lower extremes of reduction ratio. 
At reduction ratios of 2,000 to 
3,000, fracture of the polymer may 
occur in the die, resulting in an 
extrudate sheared into discon- 
tinuous pieces. At reduction ratios 
around 100, the particles are not 
elongated sufficiently to be suit- 
able for wire insulation. These 
limits also depend on the extru- 
sion aid concentration and the in- 
sulation construction in question 
and are therefore not specifically 
definable. 

The clearance between the 
guide tube tip and the entrance 
to the die land is also an im- 
portant factor in this process. If 
the clearance between the tip and 
the die land is properly set, the 
average velocity of the lubricated 
polymer in this area is the same 
as the wire speed. If the clearance 
is too large, the polymer speed is 
slower than the wire speed, which 
causes excessive shearing of the 
polymer particles in contact with 
the wire. This shearing action in- 
creases the wire tension enough to 
break the wire and causes numer- 
ous coating flaws. Should the 
clearance be too small, the guide 
tube tip tends to plug the die, 
causing high extrusion pressures. 
This plugging action causes surg- 
ing of the lubricated polymer 
around the wire, which will, in 
turn, result in rough, discontin- 
uous coatings. 

The drying and sintering of wire 





TABLE |: Die taper and land length 





Cylinder 
diameter 


Tubing size 
O.D. Wall 


Reduction ratio 


Land length 


min.); and Sy = wire coating 
speed in ft./minute. 

The length of the die land 
affects the surface smoothness of 
the extruded coating. In general, 
the longer the die land, the 
smoother the coating. The die land 
length is limited by shear im- 


in. in. in. 
4 0.060 35 14 
0.060 50 12 

0.060 70 10 

0.060 135 8 

0.045 410 6 

0.030 600 4 

0.030 1400 3 
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insulation is accomplished in the 
following manner: 

The extrudate leaving the ex- 
trusion die contains about 19% by 
weight or 40% by volume of 
naptha. In the drying oven this 
extrusion aid diffuses to the sur- 
face of the coating and is vapor- 
ized. It is important that all the 
vaporization of the extrusion aid 
take place on the coating surface 
to prevent cracks. The rate of 
diffusion and vaporization is con- 
trolled by the drying oven temp- 
erature. Drying oven tempera- 
tures generally used are about 
300° F. at the entrance up to 575° 
F. at the exit. During drying op- 
erations the oven should be ex- 
hausted sufficiently to keep the 
naptha fume concentration below 
0.9 percent. 

The coating leaving the drying 
oven is very porous. The forces 
of coalescence in sintering are 
strong enough to eliminate these 
voids with a reduction in the 
coating diameter. The coating 
must reach a temperature above 
621° F. for a few seconds to 
effect this sintering. While the 
resin is in the gel state (621° F.) 
it should not be submitted to 
stresses. To enable the coating to 
be sintered properly, the sintering 
oven is maintained at 700 to 750° 
F. The sintering oven should be 
equipped with an exhaust system 
to remove possible trace quanti- 
ties of toxic fumes given off dur- 
ing sintering or from coated wire 
left inadvertantly in the hot ovens. 

Adequate ventilation is a rec- 
ommended precaution against the 
inhalation of small amounts of 
gaseous decomposition products 
encountered when _ processing 
Teflon TFE resins at temperatures 
above 400° F. (204° C.). The use 
of proper ventilation is so effective 
that there are no known cases of 
ill effects where suitable precau- 
tion has been exercised. 
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BY KAREL G. TOLL* 


Nylon is the generic name for a 
group of thermoplastic materials 
defined chemically as polyamides. 
They are characterized generally 
by extreme toughness, strength, 
and resistance to heat, chemicals, 
and abrasion. The several differ- 
ent types of nylon (eg., the 
Zytels'), though related, differ in 
chemical composition and have 
different heat resistance, solvent 
resistance, flexibility, and fluidity 
at processing temperatures. Other 
compositions may be used at 
times, but they are usually similar 
in characteristics to one of the 
types which are listed in the 
table. 

The higher-melt-viscosity res- 
ins, can be readily handled by 
the general thermoplastic ex- 
trusion techniques. On the other 
hand, the  low-melt-viscosity 
types, have characteristics which 
require special consideration with 
regard to extrusion processing. 


Extrusion equipment 


A typical extruder for nylon 
resin can be broken down into 
the following list of important 
features: 

Barrel and heating equipment: 
Long barrels are desirable for the 
extrusion of nylon, because they 
provide greater heat-transfer area 
to facilitate melting of the resin. 
The ratio of the length of the 
barrel to its diameter should be 
at least 16:1. A ratio of 18:1 or 
20:1 is even better. 

Some extrusion operations in- 
volving nylon require tempera- 
tures as high as 600° F.; conse- 
quently, electric heat is preferred. 
Oil heat is generally not practi- 
cal for use in this temperature 
range. 

Normally the hopper section 
does not require water cooling; 
however, when necessary to pro- 
tect the bearings, the minimum 
amount of water possible should 
be used. 

Hopper feed throat: In order to 
prevent excessive wedging of 
resin particles between the flight 
land and barrel wall, the direct 
*Sales Service Laboratory Polychemicals 
Dept., E. I. du Pont de Nemours & Co., 
Wilmington, Del. 


1 Du Pont trademark for Lay 
References were prepared by the editors 


overhead or tangential-type feed 
throat should be used. The un- 
dercut-type feed throat is not 
recommended. 

The screw: A screw of the me- 
tering type, with half-turn com- 
pression, as shown in Fig. 1, 
p. 760, is recommended for the 
extrusion of nylon. This is a con- 
stant-pitch screw, divided func- 
tionally into three sections. 

The last four flights of the 
screw comprise the metering sec- 
tion. This section pumps the melt 
at a uniform rate, and generates 
sufficient pressure to force it 
through the die. The channel is 
shallowest in this section. 

The dimensions shown in Fig. 
1 are offered as recommendations 
for typical conditions, and should 
not be regarded as optimum for 
all extrusion operations. 

Screen and breaker plate: A 
breaker plate and two 80-mesh 
screens are normally used to fil- 
ter out foreign matter. 


Extrusion operation 

Drying: All nylon molding 
powders are hygroscopic; they 
readily absorb moisture from the 
air. The exposure of nylon to the 
atmosphere for as little as 30 min. 
can result in the absorption of 
sufficient moisture to impair the 
extruded product. 

Nylon molding powders, par- 
ticularly the higher-melt-viscos- 
ity type, e.g. Zytel 42, can be fed 
directly from the can to the ex- 
truder hopper. It is important, 
however, that contact with the 
room atmosphere be minimized. 
The cans should not be opened 
unless they are to be loaded at 
once, and the hopper itself should 
be provided with a tightly fitting 
cover. It is generally good prac- 
tice to keep the amount of resin 
in the hopper below the amount 
needed for one hour’s running. 
Excessive moisture in granular 
nylon is indicated by bubbles or 
frothing in the extrudate. These 
symptoms, however, may also be 
caused by overheating. 

For re-work material or un- 
usual extrusion conditions such 
as elevated temperatures or long 
hold-up time, it is necessary to 
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wires can be coated while pass- 
ing vertically downward into a 
quench bath. The air gap between 
the die and the water level of the 
quench bath should be small— 
usually % in. or less. For larger 
wire, or where equipment dic- 
tates, horizontal operation has 
been found to be best. 

A cross-head and die assembly 
is generally used for coating wire 
with nylon. A typical cross-head 
is shown in Fig. 2, p. 761. Vacuum 
is applied between the wire and 
guider tip in order to pull the 
flowing cone of plastic close to the 
die. In this way, a smoother coat- 
ing is achieved, and adhesion is 
improved. The annular space be- 
tween the guider tip and the die, 
at the point where the molten ny- 
lon is extruded upon the wire, 
should have a thickness of be- 
tween five and eight times the 
desired thickness of the coating 
on the wire. The wire passes 
through the head faster than the 
molten resin is fed upon it, and 
the thickness of the layer of resin 
is thereby reduced as it is depos- 
ited on the wire. Thus, the thick- 
ness of the coating is controlled 
by both the output rate of the ex- 
truder and the wind-up speed of 
the wire. Following the quench 
bath the wire is tested for breaks 
in the insulation. 
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Suggested dimensions of screw for high-melt-viscosity 
extrusion grade nylon' 





Depth of feed Depth of metering 
Diameter(D), Pitch (t), section (hi), section (he), 
in. in. in. in. 


Width 
of land (e), 


0.075 
0.085 
0.095 
0.110 
0.110 
0.125 
0.145 


1% 1% 
2 2 
2% 2% 
3% 3% 
3% 3% 
4% 4% 
6 6 
1 Based on Zytel 42 








Suggested dimensions of screw for low-melt-viscosity types' 





Depth of feed Depth of metering 
Diameter(D), Pitch (t), section (hi), section (hz), 
in, in. in. in. 


1% 1% 
1% 1% 
2 2 

214 2% 
3% 3% 
3% 3% 
4}o 4lo 
6 6 


Width 
of land (e), 


0.055 
0.240 0.060 
0.280 0.070 
0.320 0.80 

0.360 0.090 
0.380 0.095 
0.420 0.105 
0.480 0.120 


Fillet radii at roots of threads (ri, and re) should be equal to thread depths. 
1 Based on Zytel 101, 31, 63, 211 


0.220 





Fig. 1: Screw dimensions suggested for different types of nylon 


dry nylon prior to extrusion. The 
drying procedure, which involves 
an air-circulating oven at 175° F., 
has been described (11). 
Extruder barrel - temperature 
profile: The temperature-control 
point in nylon extrusion is the 
melt temperature as indicated 
by the stock thermocouple (7).? 
This indicated temperature is 
controlled by regulating the ex- 
truder barrel temperatures. In 
order to minimize temperature 
spread in the melted plastic, a 
uniform barrel-temperature pro- 
file is maintained. With an 18:1 
barrel length and a properly de- 
signed screw, the barrel temper- 
ature should be only 10 or 15° F. 
higher than that of the melt. The 
die and adapter temperatures 
should maintain this controlled 


~ 


2 Number in parentheses link to References 
on p. 762. 
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temperature. This is done by 
controlling die temperatures at 
about 5° F. above the stock tem- 
perature. 

The foregoing procedure is de- 
signed to deliver the extrudate 
with a narrow temperature dis- 
tribution which minimizes local- 
ized over-heating or cold plugs. 


Types of extrusion 

Wire coating: As a primary in- 
sulation on small wire, nylon can 
be applied at very high speeds 
and in very thin coatings. A rate 
of over 1600 ft./min. has been 
achieved with suitable take-off 
equipment, and a thickness of as 
little as % mil is possible. When 
nylon is applied as a primary in- 
sulation, good adhesion between 
nylon and wire can be obtained 
by preheating the wire by flame 
or electrical heating. Smaller 


The wire coating technique has 
been described in detail (12). 

Tubing: Tubing is extruded 
from nylon by the general 
method using a cross-head die 
with an end-supported mandrel. 

In the extrusion operation, air 
or nitrogen under regulated pres- 
sure is supplied through the 
mandrel as an internal support 
for the extruded tube. This regu- 
lated pressure within the tubing 
can be varied to produce a vari- 
ety of diameters and wall thick- 
nesses from a single die. The size 
of tubing from a given die is gov- 
erned by extruder output, take- 
off speed, and internal gas pres- 
sure. 

Where burst strength is a para- 
mount consideration, the die size 
should be such that the draw- 
down is 3:1 or less. Draw-down 
in this case is defined as the ratio 
of the cross-sectional area of the 
die opening to the cross-sectional 
area of the tubing. 

Shape extrusion: Higher-vis- 
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cosity 66 nylon resin is tailored 
specifically for extrusion of 
shapes, tubing, film, and sheet, 
and for blow molding. The ex- 
trusion of shapes from this resin 
can be accomplished by either 
horizontal or vertical extrusion 
into a water-quench bath. The 
flexible, more complex shapes 
are generally suited to vertical 
extrusion, while the heavy, less 
flexible sections are more read- 
ily handled using a_ horizontal 
quench bath. The horizontal tech- 
nique is similar in setup to that 
typically used for the tubing ex- 
trusion. 

The variables controlling the 
shape and size of an extruded 
profile are: dimensions of the die 
orifice, extruder output, extru- 
date temperature, take-off speed, 
and air gap (distance between 
die and quench water). 

Film: In the extrusion of film, 
the machine and die should be 
preheated to the temperature 
range recommended for extrusion 
of the particular composition. 
After extrusion is begun, the 
temperatures can be adjusted 
until desired flow properties are 
obtained. 

The method of handling the 
film varies with the type of ny- 
lon because of variations in fluid- 
ity, in strength of the molten film, 
and in crystallization characteris- 
tics. 

High-viscosity nylon is the 
resin most easily extruded into 
film. Because of its great melt 
strength the extrusion can be run 
with a 2- to 3-in. air gap. This 
process is illustrated in Fig. 3, 
right. The extrusion of the more 
fluid types is also accomplished in 
the same manner, but greater 
precautions are required in the 
handling of the quench step. The 
bath must be so arranged that the 
water level is maintained within 
about % in. of the die. Since the 
bath is so close to the die, it is 
necessary that the former be so 
constructed and supported that 
1) there will be a minimum num- 
ber of ripples on the surface, and 
2) ripples are not reflected by the 
tank sides. 

The flexibility and transpar- 
ency of nylon film of given thick- 
ness are affected by chilling rate. 
Quenching in cold water tends to 
make the film more transparent 
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Fig. 2: Cross-head die for extrusion of nylon 


and flexible, while hot water 
makes it more opaque and stiffer. 
This sensitivity to temperature of 
the quench water makes it neces- 
sary that the bath have good cir- 
culation to prevent the develop- 
ment of localized areas of hot 
water that will cause streaks and 
spots on the sheet. At the same 
time, however, this circulation 
must not cause impingement of 
streams of water on the uncooled 
film. 

At this stage, nylon is suffi- 
ciently fluid that any strong 
movement of water will cause 
unwanted wrinkles to form in 
the film. 

The film is pulled by a pair of 
driven rubber rolls. The rate at 
which these rolls are turning with 
respect to the rate at which the 
film is being extruded will de- 
termine what the final caliper will 
be. Ratio of the initial cross-sec- 
tion to that of the finished film is 
called the draw ratio. 

Following the pull rolls is an 
edge slitter. This may be of a 
razor-blade type, but a shear- 


type trimmer is preferred. Trim- 
ming is necessary to remove the 
slightly heavier section at the 
edges. This permits an even 
wind-up. Winding may be ac- 
complished on either an axial- 
or a surface-type of wind-up 
roll. 

The more viscous and slower- 
setting molding powders, and 
modifications of these, develop a 
tacky surface when extruded into 
a water bath. 

The chill roll should be as close 
to the die as possible. This film 
must be trimmed, too. 

Paper coating: All of the vari- 
ous nylons can be extrusion-lam- 
inated onto kraft paper and other 
substrates, using essentially the 
same die recommended for the 
extrusion of film. With most sub- 
strates coated in commercial size 
equipment, adequate adhesion of 
the nylon film can be obtained in 
thicknesses of 1 mil or heavier. 

The lamination is accomplished 
in standard equipment used in 
extrusion coating of substrates 
with polyethylene. The resin is 


Fig. 3: Assembly for extrusion of nylon film 
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extruded through the film die 
immediately ahead of the nip of 
the pressure and chill roll. The 
jaws on the die differ from those 
used in unsupported film extru- 
sion in that the lips have been 
extended to reduce the air gap 
between the die and roll nip to a 
minimum. The pressure roll is a 
rubber roll with a Shore Durom- 
eter hardness of about 60 that is 
held against the chill roll me- 
chanically, hydraulically, or 
pneumatically. For normal coat- 
ing operations a force of 60 lb. 
per linear in. of roll length is ade- 
quate. The chill roll required has 
the same design as that used for 
film. This roll cools the lam- 
inate, regulates the thickness of 
the coating by controlling linear 
speed of the substrate, and plays 
a large part in determining the 
surface character of the coating. 

It is usually necessary to trim 
the edges of the laminate to re- 
move the “beading,” or thickened 
edges of resin in order to obtain 
satisfactory roll-up. These heavy 
edges are due to the necking- 
down of the film which occurs as 
the film is drawn. The trimming 
operation can be easily performed 
by means of a rotary-type trim- 
mer. This is a_ spring-loaded, 
hardened steel disk. 

The uniformity of caliper 
across the die can be regulated 
either by making adjustments on 
the die jaws, or by regulating the 
temperature in the various zones 
of the die. A better approach, 
when possible, is to design the 
die to produce uniform regulation 
so a minimum of on-stream ad- 
justments will be required. 

Cleaning nylon from extruder 
parts: Nylons are most readily 





TABLE |: Symptoms and possible causes of trouble 
in extrusion of nylon 





Symptoms 


Bubbles 


Possible cause 


Moisture in resin; drying required 


Temperature too high (Nylon may decompose and 


discolor) 


Low output—excessive hold-up time in the machine 
results in decomposition 





Bridging— 
loss in output 


‘High rear barrel temperatures 
Improper screw design 





Extruder 


overloading plate 


Low extrusion temperature, especially at breaker 


Impreper hopper feed throat design 
Improper screw design 





cleaned from extruder parts by 
burning off the plastic in a “ny- 
lon burn-out furnace” (900° F.); 
wheré this furnace is not avail- 
able, the following is done: 

After the extruder has been 
shut down, the screw is removed 
from the barrel. While the screw 
is still hot, it is scrubbed with a 
wire brush and copper mesh. This 
operation is facilitated if, when 
shutting down the extruder, the 
screw is allowed to turn for a 
short time after the resin supply 
is cut off. Thus, the screw can 
force the remaining resin toward 
the front of the extruder, and 
thereby purge itself. 

With heat still on the barrel, a 
boiler-tube brush wrapped with 
copper mesh is pushed in and out 
of the barrel several times. More 
copper mesh is then added, and 
the brush is used again. This pro- 
cedure is repeated until the bar- 
rel shines. A light over the hop- 
per will generally permit good 
visual inspection of the barrel. 
The face of the barrel can be 


Nylon tubing, here employed in centralized lubrication system, is 
a growing use for extruded nylon. (Photo, Plaskon, Allied) 


cleaned with a wire brush while 
the machine is still hot. Smaller 
die parts, bolts, etc., are most eas- 
ily cleaned by using a hand torch. 
This operation is followed by 
wire brushing. 
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EXTRUSION: Nylon 6 





BY T. R. VON TOERNE* 


Nylon 6 is a polymer based on 
the six-carbon-containing mole- 
cule, caprolactam (e.g., Plaskon 
nylons'). It has the good qualities 
usually associated with nylon: 
high strength, abrasion resistance, 
solvent resistance, light weight, 
and self-lubrication. In addition, 
nylon 6 offers a number of advan- 
tages over type 66: higher impact 
strength, low processing tempera- 
tures, good dimensional stability, 
a unique and controllable crystal- 
line structure which can be used 
to vary the physical properties of 
extruded parts, and excellent 
colorability (either during or 
after extrusion). 

The high melt viscosity of cer- 
tain nylon 6 formulations (e.q., 
“Plaskon” nylon 8205) facilitates 
the extrusion of thick films, tapes, 
small-diameter rods and tubing, 
and special shapes, and also makes 
these materials particularly well- 
suited for the blow molding of 
bottles and containers. 


Extrusion conditions 


See Table I, p. 765. 

Extruder: No large expenditure 
for specialized equipment is re- 
quired. Any extruder of sufficient 
heating capacity to permit con- 
tinuous operation in the tempera- 
ture range of 450 to 600° F. is 
suitable. In general, an electri- 
cally-heated extruder is prefer- 
able. Oil-heated extruders are 
only marginally adequate, even 
for low extrusion rates. 

The barrel of the extruder 
should have at least three heating 
zones, each equipped with a 
separate temperature controller, 
to give the desired temperature 
profile. The overhead hopper feed 
throat is preferable. An Xaloy 
307 liner is recommended for the 
barrel. 

A metering-type screw, of con- 
stant pitch, with a 3.5:1 compres- 
sion taking place over one to three 
flights, is recommended for the 
xtrusion of nylon 6. Figure 1, 

764, offers recommended dim- 
nsions for this type of screw. 
).A.E. 4140 steel or equivalent, 

shadvside Application Research Laboratory, 

istics and Coal Chemicals Div., Allied 


emical Corp 
rademark of Allied Chemical Corp 


XTRUSION: NYLON 6 


with properly hardened flights, is 
the recommended material for 
construction of the screw. 

Temperatures: Nylon 6 can be 
extruded over a range of melt 
temperature between 450 and 
550° F., although a range of 450 
to 500° F. is recommended for 
most extrusion work. The ma- 
chine temperature should be ad- 
justed to obtain the desired melt 
temperature at the die; this re- 
quires that there be a thermo- 
couple in the melt at that point. 

Pressures: The proper melting 
of nylon 6 requires a sufficient 
pressure at the discharge end of 
the screw to insure a uniform 
homogeneous melt. This pres- 
sure depends upon the type of 
polymer chosen for the applica- 
tion as well as the maximum 
anticipated throughput require- 
ment. Generally, a pressure of 
500 p.s.i. at the lowest throughput 
will insure satisfactory operation. 
The building up of this pressure 
can be accomplished by either: 
1) screenpack; 2) die design; or 
3) a combination of these two. 
A pressure gage should be in- 
stalled at the entrance to the die 
if possible. Figure 2, p. 764, illus- 
trates one arrangement of a pres- 
sure gage in a straight delivery 
head. The melt thermocouple is 
also shown. 

In cases where no pressure gage 
is available, a screen pack of 1-20 
(mesh), 1-60, 4-100’s 1-60, 1-20, 
is adequate for most applications. 

Predrying: Nylon 6 is usually 
supplied in hermetically sealed 
containers at a moisture content 
of less than 0.2%, so that nor- 
mally it is not necessary to dry 
the material. 

Up to approximately % hr. 
(depending on humidity) after 
opening the shipping container, 
the molding powder can still be 
extruded without predrying. For 
powders that have exceeded this 
limit, drying times will range 
from 3 hr. to as much as 16 hr. 
at 175° F. A vacuum dryer or 
dehumidified oven is preferred 
to a conventional air-circulating 
oven for drying nylon. Maximum 
humidity of air in the dryer 
should be approximately 60 grains 


of moisture per pound of dry air. 
If a vented extruder is used, it 
is possible to omit drying if pel- 
lets have absorbed only a slight 
amount of moisture (less than 
0.75%). Pellets with more than 
0.75% should be dried. 

Nylon 6 scrap can be re-used 
after drying. The drying time will 
depend on the amount of mois- 
ture absorbed. 


The general principles of good 
die design that apply to the ex- 
trusion of most thermoplastics 
also apply to the extrusion of 
nylon 6. All flow through the die 
should be streamlined. Areas of 
stagnation should be avoided, 
since excessive polymer residence 
time will result in degradation. 

Die lands should be long 
enough to result in a back pres- 
sure of at least 500 p.s.i. at the 
discharge end of the screw. All 
inner surfaces of the die should 
be either chrome-plated or con- 
structed of a polished, corrosion- 
resistant steel. 

Figure 2, p. 764, illustrates a 
typical straight delivery mandrel 
and die arrangement for extrud- 
ing tubing. 


External setup 


Cooling: The rate of cooling of 
a nylon 6 extrusion will signifi- 
cantly affect the properties of the 
final part and careful considera- 
tion should be given to the meth- 
od employed. 

Essentially, three methods of 
cooling are used: 1) water bath; 
2) air; and 3) contact with cooled 
surfaces. 

Most extrusions can be satisfac- 
torily cooled by tap water. In 
many cases, however, it is de- 
sirable to use a less rapid quench 
to prevent void formation in 
heavy sections or to obtain cer- 
tain desirable properties. All 
other conditions being equal, 
quenching in hot water (175° F.) 
will significantly increase the: 1) 
tensile strength, 2) flexural 
strength, 3) stiffness, and 4) 
opacity of the extruded part, as 
compared with a 
quench. 

Postforming: Because nylon 6 
is a crystalline material having a 
sharp melting point, the post- 
forming fixtures must be located 
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Depth of feed Depth of metering Width 
Dia. (D) Pitch (P) section (h,) section (hz) of land (w) 
in. in. in. in. in. 
1% 1% 0.260 0.065 0.125 
1% 14 0.280 0.070 0.150 
2 2 0.320 0.080 0.200 
215 215 0.360 0.090 0.250 
3Y% 3% 0.400 0.100 0.325 
32 314 0.400 0.100 0.350 
41, 4l, 0.440 0.110 0.450 
6 6 0.500 0.125 0.600 





Fig. 1: Recommended screw dimensions for extrusion of nylon 6 


so that forming can be done 
within the first 3 to 6 in. in the 
cooling bath. Contoured plates, 
rollers, or guides are required to 
guide the extrusion and maintain 
its desired shape as it solidifies. 
Where water cooling is used, 
it is necessary to maintain a 
smooth, uniform flow of water at 
the point where the extrusion 
enters the water. If this is not 
done, localized boiling will result 
which will cause surface imper- 
fections on the extrusion. When 
cooling extruded tubing, the 
water level should also be pre- 
cisely controlled to minimize 
fluctuations in tubing diameter. 
This is usually best and most 
simply done by means of a large 
adjustable overflow weir at some 
point along the cooling tank. 


Types of extrusion 


Nylon 6 can easily be extruded 
into tubing, pipe, wire covering, 
rod, tape, film, and special shapes. 

The extrusion of tubing can be 
done either vertically or horizon- 
tally, although horizontal extru- 
sion is generally the simplest. A 
water tank 10 to 20 ft. long, the 
longer length being required for 
higher extrusion rates, is used for 
cooling the tubing. 

Contoured plates, guides or 
rollers are needed to guide and 
shape the tubing as it is being 
cooled. A set of motor-driven 
rolls or belts can be used for 
pulling the tubing from the ex- 
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truder die through the cooling 
tank. A coiler is recommended 
for winding the tubing into coils 
for ease of handling. 

The extrusion of small rod, spe- 
cial shapes, and small tape can be 
handled much the same as tubing. 
The guide fixtures should be 
shaped to help form the particu- 
lar contour being extruded. 


Large-diameter pipe extrusion 
will require either a water- 
cooled, extended mandrel or a 
vacuum-type calibrating unit to 
maintain roundness of the pipe. 
Wide tape and sheet can be made 
by extruding onto a conventional 
three-roll polishing stand. 

Standard wire-insulating equip- 
ment can be used in covering wire 
with nylon 6. When the latter is 
used as the primary insulation, 
it is best to preheat the wire to 
approximately 325° F. to obtain 
good adhesion. The preheating 
can be accomplished with a re- 
sistance heater. 

The extrusion of nylon 6 film 
can be accomplished by extrud- 
ing through a slit die into either 
a water bath or onto a chill roll. 
The chill roll cooling method pro- 
duces a clearer and smoother 
film. Nylon film can also be pro- 
duced by the conventional blow- 
ing method from a tubular die. 
Standard film haul-off and wind- 
up equipment, with some modi- 
fication, can be used for nylon 
film extrusion. 


In changing material, the fol- 
lowing procedure is  recom- 
mended: 1) heat machine to 475° 


F.; 2) when nylon drools from 


Fig. 2: Typical die and mandrel arrangement for extruding nylon 
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TABLE |: Extrusion of nylon 6 
| | | 


Sheeting | Wire coating | 
a | 





Monofil. Shapes 





A) Machine characteristics 
. | 


Diameter, in., of screw needed to 
deliver at 60 r.p.m.:* 
50 lb./hr. 
150 lb./hr. 
500 Ib./hr. 


2% 
3% 
5% 


20 


2% 
3% 
5% 5% 


| 
20 20 
Metering, constant pitch, gradual or sharp compression 
| 
35:1 35:1 35:1 35:1 


2% 


3% 3% 


5% 


Recommended L/D 


2% | 
20 | 


Recommended screw type 





Compression ratio* 35:1 


Depth of feed zone in 150 lb./hr. 


screw, in. 


0.100 
1:1 


0.100 0.100 0.100 0.100 


Lead ratio* 1:1 1:1 1:1 i: 


Screen pack, mesh numbers in 


direction of flow 40, 2-100, 40 


30 


40, 2-100, 40 
30 


40, 2-100, 40 
30 


20, 40, 20 
30 


20, 40, 20 








Drive power for 150 lb./hr., hp. 30 


Operating conditions 





Melt temperature at die, °F. 460 


500 


485 
500 


460 
500 


460 
Approx. melt pressure at die, p.s.i. 500 


| } 
| Unnecessary | Unnecessary 


No No 


Screw cooling Unnecessary 


Unnecessary | Unnecessary 


Is feed preheated? No No 


No 


Entering temperature, °F. Room temp. Room temp. Room temp. Room temp. | Room temp. 


Rear cylinder 

Halfway along cylinder 
Forward cylinder 

Die 


460 
475 


460 
475 
475 
460 


485 
495 


460 


475 


460 485 


Yes 


Metal temperatures, °F. | 


Is extrudate water quenched? Yes 


Optional 


1.0 
0.15 sec. 


| Tb./hr. 
| 1.5-4.0 


Water temp., °F.‘ 
Air gap, in. 
Time in water, sec.* 


1.0 


Draw ratio*® 


1.5-4.0 


‘Size to nearest quarter inch. Use next largest standard extruder size when size is not standard 
Volume of thread in first turn past feed opening 


Volume of thread in last turn at output end 
Distance between corresponding points on successive turns of same flight 
Inside ciameter of barrel 
‘Temp. of water will be determined by properties desired in finished extrusion. 
* Depends on desired properties, water circulation, dimension of shape. Figure given is approximate. 
Cross-sectional area of die opening 


2? Compression ratio 





* Lead ratio = 





* Draw ratio 





Cross-sectional area of finished (untrimmed) extrudate 





die, start screw and starve-feed 
new material into throat; 3) use 
full feeding when nylon emerges 
from die in steady flow; 4) when 
extrudate is clear, extruder is 
ready for running. 


Maintenance 


The cleaning of the extruder 
an be simply accomplished by 
hutting off the hopper supply 
ind running the screw until no 
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more material emerges from the 
die. The head and dies are dis- 
assembled and the nylon removed 
with a stiff wire brush while the 
parts are still hot. 

As the hot screw is gradually 
pushed from the cylinder, the 
molten material is removed with 
a wire brush. A wire brush 
mounted on a drill motor is used 
to clean the cylinder while it 
is still hot. 


The time for the above proce- 
dure can be reduced by purging 
the machine with a few pounds 
of polystyrene. The polystyrene 
is more easily removed from ma- 
chine parts than the nylon. 

A small torch can be used for 
melting or burning the nylon 
from the tools and extruder parts 
in the event the nylon has cooled 
sufficiently to prevent removal by 
wire brushing. 








EXTRUSION: ABS polymers 





BY C. R. HOLT* 


The ABS polymers have been 
growing in variety and types 
available and, in general, most are 
suitable for extrusion applications 
of one sort or another. With the 
exception of a self-extinguishing 
grade’, the ABS polymers ex- 
trude much alike, with tempera- 
ture adjustments made to com- 
pensate for viscosity differences 
among the various types. They 
are generally viscous and soften 
over a broad temperature range. 

Conventional cooling, take-off, 
and handling methods can be used 
for extruded sections. Because 
these polymers chill rapidly, di- 
mensions of the part must be es- 
tablished close to the die while the 
resin is still hot. Pull-down of ex- 
trudate should be as little as pos- 
sible, being just enough to offset 
die-swell and to maintain uni- 
form tension. 


Extrusion temperatures 


Temperatures depend to a great 
extent on the size of the die open- 
ing, with the larger-volume dies 
requiring lower temperatures (300 
to 350° F.) and smaller dies re- 
quiring barrel temperatures of 375 
to 425° F. Normal extruding tem- 
peratures are from 300 to 350° F. 
on the back barrel, 350 to 400° F. 
on the front, with the die as hot as 
possible without causing build-up 
of the resin on the lands. Die tem- 
peratures range from 275 to 300° F. 
for heavy cross-sections; 325 to 
350° F. on sheet manifold dies; 
and 350 to 400° F. for intricate 
profiles. With the screw in low 
speed, barrel temperatures should 
be gradually raised until die- 
swell of the resin is very low. 
Die temperatures then can be 
raised until the resin begins to 
drag on the die lands—proper die 
temperature is achieved just be- 
fore this point is reached. Heavy- 
section extrusions are also im- 
proved by cracking the water 
valve on the screw and using 
some cooling water on the hopper 
section of the cylinder. 

High cylinder temperatures 
(450° F. or more) are not recom- 


* Technical service mgr., Marbon Chemical 
Div., Borg-Warner Corp., 7165 Chicago Ave., 
Gary, Ind 


‘Cycolac D, product of Marbon Chemical Div. 
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mended. The highest quality 
extrusion is obtained with 
lower temperatures, sufficient 
back pressure, and screw speed 
reasonable with the size of the die 
opening. 

In many instances, the only ap- 
plied heat needed is enough heat 
on the cylinder initially to plas- 
ticate the resin. Conditions should 
then be adjusted to remove heat 
in order to hold temperatures 
down, especially at higher screw 
speeds. In addition to using the 
blowers on the cylinder, it is often 
helpful to run a little water 
through the screw to help accom- 
plish the same purpose. 

When initiating trials on new 
dies or when starting a run, tem- 
peratures known to be a little 
high may be used at the start in 
order to prevent any possibility 
of blowing the die or the die gate 
due to excessive pressure. 


Predrying 

Predrying is always advisable, 
preferably with hopper driers. Air 
temperature of 200 to 225° F. is 
recommended, with drying time 
varying from one to four hours. 
Predry time should be as long as 
possible, consistent with extru- 
sion speed. Tray driers may be 
used with temperatures of 175 to 
200° F. with the pellets in layers 
1 in. thick or less. Here again, the 
most thorough dry period possible 
is recommended. 

With vented extruders, drying 
can be omitted. 


Screw design 


For maximum quality, the 
screw should do some mixing and 
work on the resin, not simply 
convey the heat-softened material 
along the barrel. The resultant 
frictional heat build-up should be 
controlled in order to maintain 
uniform sizing, prevent blistering 
and pock-marking, and maintain 
appearance. 

Successful extrusions have been 
run on both torpedo-head and on 
full-flight screws, single-flight 
and single-to-double flights. A 
torpedo-head screw is chiefly of 
value in assuring uniform heating 
of the material just ahead of the 





screens, although a  full-flight 
screw performs very well, pro- 
vided the resin has been pre- 
heated and extrusion speed is low 
enough to permit uniform heat- 
plasticizing. 

Screw compression ratios of 3 
or 4:1, with an L/D ratio of 20:1 
or higher, are recommended. 
Single, full-flight, constant pitch, 
shallow channel screw is very sat- 
isfactory for general extrusion of 
profile, pipe, and tubing. 

A Dulmage screw is quite pop- 
ular for extruded sheet where the 
additional mechanical working re- 
sults in conveying a more homo- 
geneous and uniformly heated 
resin to the die. 

Deep-channel screws may feed 
resin too fast to the die at an er- 
ratic plasticity. Cooling water on 
the screw will often improve 
quality under these conditions by 
reducing channel depth and pro- 
viding uniformly heat-plasticized 
resin. This reduces production 
rate, of course. 


Pipe and tube 


For pipe and tubing, a straight- 
on die is preferred, although off- 
set dies may be used, provided the 
flow of the hot resin is smooth 
and uniform and not interrupted 
by dead spots. Completely off- 
set dies, involving right-angle 
changes of flow of the resin, are 
not recommended. 

Die lands for pipe should be 
streamlined and approximate in 
length the O.D. of the pipe to be 
produced. The amount of pull- 
down depends upon the actual 
sizing techniques employed. Most 
methods employing die-face man- 
drels calculate the finished pipe 
O.D. the same as the die LD., 
with allowance made only for 
pull-down to compensate for die- 
swell. Clearance between the die- 
pin and die-block should be 10 to 
15% greater than the desired wall 
thickness. The most popular siz- 
ing method is through this use of 
a water-cooled I.D. mandrel com- 
bined with cascade water-cooling 
and O.D. sizing rings in the water 
bath. 

Average barrel temperatures 
are: rear (hopper-zone), 350 to 
375° F.; center, 375 to 400° F.; 
front (die-end), 400° F.; die gate, 
375° F.; die, 375° F. Die tempera- 
tures should be increased if nec- 
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TABLE |: Extrusion of 


ABS polymers 





\) Machine characteristics 


Diameter, in., of screw needed 
to deliver at 60 r.p.m.: 
150 lb./hr. 
500 Ib./hr. 


Recommended L/D 
Recommended screw type 
Compression ratio! 


Lead ratio” 


Sheeting 


315 
415 


20:1 
Dulmage 


3:4 


Screen pack, mesh numbers in direction of flow 


3) Operating conditions 


Melt temp. at die, ° F. 


Approx. melt pressure at die, p.s.i. 


Is screw cooled? 
Medium 
Temp. of medium, ° F. 
Fraction of length cooled 
Is feed preheated? 
Entering temp., ° F. 
Metal temp., ° F. 
Rear cylinder 
Halfway along cylinder 
Forward cylinder 


Die 


Is extrudate water quenched? 
Water temp., ° F. 
Air gap, in. 
Time in water, sec. 


Draw ratio 


mpression ratio 


375-425 
1000 
Yes 

Water 
70 
Feed zone 


Yes 
175 
275-350 
325-400 


350-425 
325-400 


No 


Volume of thread in first turn past feed opening 
I I 


Volume of thread in last turn at output end 


ead ratio 


Distance between corresponding points on successive turns of same flight 


Inside diameter of barrel 


* Draw ratio 


Cross-sectional area of die opening 


Cross-sectional area of finished (untrimmed) extrudate 


Shapes 


314 


20:1 20:1 
Single, full-flight constant-pitch 

3:4 

ca. l 


60, 40, 20 40, 20 


400-425 
800 
Yes 

Water 
70 
Feed zone 
Yes 


175 175 


350-375 
375-400 
400 
375-400 375 


350-375 
375-400 


Yes Yes 
50-80 50-80 


60-180 


As necessary 


1.2 1.0 





essary in order to provide strong 
welds of the material around the 
spider legs (if a spider is used). It 
is often advantageous to reverse 
the order of barrel tempeatures 
and carry heats of 425-400—375° F. 
ear to front. The average tem- 
perature of efflux water from the 
die-pin should be 80 to 90° F. In- 
ufficient cooling of the I.D. man- 
rel can cause chatter-marks or 
omplete pile-up of the resin on 
le pin. 


Profile extrusions 


With profile extrusions, the 
ind length of the die is calcu- 
ited as 2 to 4 times the maximum 
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cross-section of the part, or may 
vary in length to follow the pat- 
tern of thick and thin cross- 
sections. Pull-down is normally 
estimated, on uniform sections, at 
10 to 15 percent. 

Higher die temperatures pro- 
duce parts of very good gloss. 


Lower die heats, on the other 


hand, will result in better control 
of the dimensions and surface ir- 
regularities of the parts. 

A typical set-up for a 1%-in. 
wall, L-shaped section with 4-in. 
and 2-in. arms, would be barrel 
temperatures of 380 to 400° F., 
rear to front, and die, 390° F., on 
a 2.5-in. extruder with L/D=20, 


equipped with a single-to-double 
flight torpedo screw. 

A hot-water bath (140 to 160° 
F.) is used with very heavy- 
section parts to provide slow even 
cooling without porosity. 

Specialty-grade, self-extin- 
guishing materials are heat- 
sensitive and should be extruded 
at the lowest possible tempera- 
tures (300 to 360° F.) to prevent 
breakdown and possible corrosion 
of the equipment. 


Sheet extrusion 

For sheet extrusion of the ABS 
polymers, very thorough predry- 
ing is recommended. Operating 
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temperatures of the following 


range are normal: 


Barrel feed zone 275 to 350° F. 
Barrel center 325 to 400° F. 
Barrel die-end 350 to 425° F. 
Die 325 to 400° F. 


Normal stock temperature for extruded 
sheet is 375 to 425° F. 


Excessive cylinder temperatures 
normally result in pockmarking 
and blistering of the sheet and 
also, of course, aggravate die- 
lines caused by too high a die 
temperature. 

Die heats are normally adjusted 
hotter at edges than at center to 
facilitate flow to the edges. A good 
sheet die should also have a deep 
feed-well in order to provide fast 
flow to the edges without chilling. 
The feed-well should fill uni- 
formly before any appreciable 
flow through the die lips takes 
place 

Normal land length on sheet 
dies is 1 in. for gages under 0.063 
in. and up to 3 in. for gages of 
0.093 to 0.187 inch. A screen pack 
of 20, 40, 60 is commonly used, 
with die pressures of approxi- 
mately 1000 p.s.i. 

Take-off equipment normally 
consists of 3 chrome-plated, con- 
rolls, pull 
rolls, and knife and stacking bed, 
all part of an integral unit. 

Take-off or polishing rolls for 
sheet should be carried at tem- 
peratures of 175 to 200° F. top, 
and 175° F. center and bottom, 
for maximum gloss and to pre- 
vent curling of the sheet on the 
stacking bed. 

Pull-down of extruded sheet 
should be as little as possible to 
avoid creating strains in the sheet 
which later can cause trouble in 
postforming. 

Extrusion speed will depend a 
great deal on the efficiency of re- 
moving heat from the machine. 
Increased screw speed will other- 
wise tend to build up heat to the 
point of producing pockmarking 
and drag lines. 

Self - extinguishing on non- 
flame-supporting-type ABS poly- 
mers should be extruded at the 
lowest possible heats, in the range 
of 300 to 360° F. with die heats of 
325° F. 

Purging routine: Reduce heats, 
remove screen pack, if possible, 
and empty extruder at low speed. 


trolled-temperature 
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Polyethylene can be readily ex- 
truded into a wide variety of 
shapes—pipe, monofilaments, thin 
films, or other profiles. The ma- 
terial can also be extruded as a 
coating over wire or onto paper 
and other substances, where its 
electrical and mechanical proper- 
ties are of value. Extrusion con- 
ditions for each of these shapes 
and for coatings vary widely. 
These conditions are summarized 
in Table I, p. 769. 





Extrusion of pipe 


Considerable interest and dis- 
cussion has arisen regarding the 
various systems for extruding 
polyethylene pipe. Because of the 
great diversity of equipment being 
used in the field for the extrusion 
of polyethylene pipe and tubing, 
recommendations must necessa- 
rily be general. 

Die design: Tubular dies with 
long parallel lands are generally 
used for the extrusion of poly- 
ethylene pipe. In general, the 
longer the land, the better the pipe 
surface, but, in practice, the best 
arrangement will be dictated by 
proper balance between factors of 
compound temperature and pro- 
duction rate. A general working 
rule for design of dies intended 
for the extrusion of heavy-wall 
tubing normally considered as 
pipe is as follows: 


Die size 20% greater than pipe 
aim OD 

Pin size 22% greater than pipe 
aim OD 

Die land Equal to the die OD 

Maximum streamlining in all 


components is naturally desirable 
throughout. 

Temperature control: In order 
to extrude polyethylene pipe sat- 
isfactorily, good temperature con- 
trol must be maintained. The tem- 
perature of the polyethylene must 
be sufficiently high as it comes 
from the extruder to obtain 
smooth, uniform pipe walls, but 
not so high as to cause collapse of 


Sections on extrusion of polyethylene pipe 
and extrusion of polyethylene monofilaments 
prepared from material supplied by Bakelite 
Co., Div. Union Carbide Corp., New York, 
N.Y. Table on extrusion conditions, p. 769, 
prepared by Bakelite Co., Div. Union Carbide 
Corp., New York, N.Y. Sections on extrusion 
of polyethylene film, polyethylene extrusion 
coating, and polyethylene wire coatin re- 
pared by J. B. Paton, E. I. du Pont de Ne- 
mours & Co., Inc., Wilmington, Del. 





the extruded section before cool- 
ing can take place. This exact 
point can generally be reached on 
any given extruder only after a 
certain number of trials. Com- 
pound temperatures below 260 
F. should generally be avoided so 
that good welding or fusing of 
any pipe seams, produced by the 
flow of plastic around obstruc- 
tions in the head or die in the 
course of extrusion, will be ob- 
tained. Compound temperatures 
which are above 280° F. may 
make it extremely difficult to pro- 
duce round, uniform pipe and op- 
erations are likely to be hampered 
by sticking at the sizing plate or 
possibly by collapse of the ex- 
truded pipe at the time it enters 
the cooling bath. 

Auxiliary equipment: A typical 
polyethylene pipe extrusion as- 
sembly consists of an extruder 
followed by appropriate pipe siz- 
ing facilities, pulling device, and 
coiling or cut-off equipment. Any 
mechanical device capable of ex- 
erting the required tension on the 
pipe as it is extruded may be 
used. Finished pipe should not be 
deformed or defaced by this 
equipment. 

Pipe sizing: Several pipe sizing 
techniques have been employed in 
the field with favorable results. 
One technique involves drawing 
the extruded pipe through a cool- 
ing sleeve. Another technique em- 
ploys an internally cooled, tapered 
mandrel, over which the extruded 
pipe is drawn to obtain the de- 
sired dimensions. A third method 
involves the use of sizing plates 
positioned in a_ water-cooling 
trough. In this latter technique, 
by properly adjusting the distance 
between the two sizing plates 
used and by employing the cor- 
rect sizing hole, the diameter of 
the extruded pipe can be con- 
trolled. Final reduction to size 
will occur through cooling be- 
tween the second sizing plate and 
the pulling device. Additional siz- 
ing plates can be used where the 
linear pipe speed is high and 
longer cooling time is necessary to 
cool the pipe to the point that 
shape will be maintained. When 
using this technique, the I.D. of 
the pipe can be adjusted to give 
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TABLE I: Extrusion of polyethylene 





Film 
Shapes i (tubular) 


Monofil. Sheeting Wire coating 


A) Machine characteristics | 
| 

Diameter, in., of screw | | 
needed to deliver at | 
60 r.p.m.: | 
50 lb./hr. 

150 lb./hr. 
500 lb./hr. 7 


Recommended L/D : : 20:1 
Recommended screw 
type Metering, decreasing depth 


2 
3% 
6 
20:1 





Compression ratio! : : ] 4:1 | 3:1 
Depth of feed zone in 
150 lb./hr. screw, in. . : 0.375 0.375 


Lead ratio? : - 1:0 1:0 
Screen pack, mesh 

numbers in direction 

of flow | 40/80/50/50/40|} 20/60/100 20/60/100 20/60/100 | 20/60/100 20/60/1900 
Drive power for 

150 Ib./hr., hp. 20-30 20-30 20-30 20-30 20-30 | 20-30 


B) Operating conditions 


Melt temperature at 
die, °F. 500 | 380-400 390-450 300 
Approx. melt pressure 
at die, p.s.i. | 1000-3000 500-1500 | 1500-8000 | 500-1500 


Screw cooling | Very slightly Yes | Either neutral | Yes 
| to prevent or cooled 
| fouling | screw 
Medium Bleed of Steam | | Water 
| atmospheric 
| steam 
Temperature of me- 
dium, °F., or wattage | | 
in 150 lb./hr. screw | 100-160 | 230 | 212 100-125 7 120-160 


Fraction of length 
cooled Y% to total Total Total | Total Total 
Feed preheating Yes Preferably Not usually No No 
Entering tempera- 
ture, °F. ax. 190 Max. 190 Max 190 Max. | . | 190 Max. 


Metal tempera- 
tures, °F. 
Rear cylinder | 350 


Halfway along cyl- | 
inder 440 





Forward cylinder | 
Die | 440 
Is extrudate water 
quenched? Yes 
Water temp., °F. 100-120 60 
36-120” 
| Less than 2 
| 


1:0 


Air gap, in. 
Time in water, sec. | 


Draw ratio? | 4:8 
Volume of thread in first turn past feed opening 
Volume of thread in last turn at output “end 
Distance between corresponding points on successive turns of same flight 
Inside diameter of barrel 
Cross-sectional area of die opening 
Cross-sectional area of finished (untrimmed) extrudate 


ympression ratio — 


ead ratio = 





Draw ratio = 
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the desired wall thickness by 
varying the speed of the pulling 
device with relation to the rate 
of extrusion. 


Extrusion of monofilaments 


Extruder screw: Conventional 
screw designs have proven satis- 
factory for polyethylene monofila- 
ment extrusion. Screw tempera- 
ture is a controlling factor in 
product uniformity and output 
rate. A bleed of atmospheric 
steam through the screw or a 
neutral screw will generally re- 
sult in the highest output rates. 

Die design: The die orifice 
should be approximately equiva- 
lent to the diameter of the mono- 
filament before orienting—never 
larger in diameter. If the orifices 
are larger, the monofilaments 
must be hot-stretched at the die 
to attain the desired size, in which 
they may lack sufficient 
strength to be cold-stretched in 
the subsequent orientation opera- 
tion and frequent breaks may 
occur. 

While the same dies may be 
used interchangeably for poly- 
ethylene and styrene resins, since 
the recommended stretch for 
polyethylene (600%) is less than 
that for the styrene _ resins 
(800°), the size of the oriented 
fibers extruded from the same 
orifice will be different. Typical 
die sizes for producing fibers 
oriented 600% are as follows: 


case 


Oriented mono- 


Size of orifice filament size 


in. in. 
0.070 0.027 
0.060 0.023 
0.050 0.019 
0.040 0.015 
0.030 0.012 
0.020 0.008 


Stretching and orienting: In a 
typical stretching and annealing 
process, the polyethylene mono- 
filaments are extruded vertically 
into a quenching bath of room- 
temperature water. A travel of 50 
to 60 in. is sufficient to achieve 
cooling. A freely rotating or 
driven smooth-face roll at the 
bottom of the bath will improve 
the roundness of the fibers. A 
take-up godet, or driven snubber 
rolls, may be used to draw the 
extruded fibers from the die at a 
uniform rate. It is not necessary 
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that these rolls be heated, since 
polyethylene is, of course, in- 
herently flexible. 

Stretching of the polyethylene 
monofilament is accomplished by 
a stretching godet operated at 
seven times the linear speed of 
the size-control system. Stretch- 
ing and orientation is carried out 
in room temperature air. For im- 
proved tensile strength, a 575 to 
600% stretch is recommended. 
For maximum tensile strength, 
the monofilament should be an- 
nealed in the water bath under 
constant tension at temperatures 
between 85 and 95° C. 

Improved high-temperature 
shrinkage can be obtained at a 
sacrifice in tensile strength by 
passing the monofilament through 
two annealing water baths at 85 
to 95° C. In this procedure, ten- 
sion should be relaxed approxi- 
mately 22° in each bath. 


Film extrusion 


There are two major polyethyl- 
ene film extrusion processes for 
polyethylene resin: 

A) Flat film extrusion. 

B) Blown film extrusion (ex- 
panded tubing). 

Flat film: In flat film extrusion, 
the extruder delivers molten 
polymer to the die, and from there 
the film passes into the quench 
bath, where it is cooled. The 
cooled sheet passes through a set 
of pinch rolls, is trimmed, and 
wound up. 

The extruder barrel is heated 
to between 425 and 500° F., the 
higher temperature being em- 
ployed when higher extrusion 
rates are desired. 

The die consists of a polished 
manifold, slotted along its length, 
and may be equipped to receive 
molten resin through either of its 
ends or through an orifice lo- 
cated midway along its length. 
The manifold should be, where 
possible, of one-piece construc- 
tion with a bore that has been 
precision-drilled, reamed, and 
given a high polish. The slot 
should be carefully milled and 
polished. 

The die face can be either 90 
or 180°. Flat-surfaced dies which 
have jaw movement in only one 
plane can be more easily adjusted 
by the operator. The die jaw 
lands, over which the polyethyl- 


ene resin flows, are about %e¢-in. 
long and must be carefully 
polished and maintained. It is de- 
sirable to design the die in such 
a way that die jaws can be ad- 
justed while the machine is run- 
ning. This may be done with al- 
ternate push and pull bolts along 
the length of the die. The die jaws 
are set initally to give a uniform 
opening across the width. This 
opening for thin film should be 
between 0.012 and 0.030 inch. If 
the width of the sheet is to be 
varied, a short section of %-in. 
brass rod may be inserted at each 
end of the die, just above the 
jaws, in such a way that it can 
be moved in or moved out. The 
brass rod, which is forced against 
the die jaws by the pressure of 
resins, will then function as a 
check valve. 

As the molten film of poly- 
ethylene resin leaves the die 
opening, it is drawn down into a 
quench tank. The water level may 
be between 1 and 5 in. below the 
die face. It is convenient to have 
the tank height adjustable so that 
it may be lowered while changing 
or cleaning dies. The quench wa- 
ter should be fed to the tank with 
a minimum of turbulence. To 
minimize surface ripples and 
maintain a constant level, the 
water should overflow the sides 
of the tank through weirs. In or- 
der to obtain uniform film prop- 
erties, it is important that the 
quench bath be maintained at a 
constant temperature. 

The film, after it leaves the die, 
is drawn into the quench tank, 
around a polished roller or sta- 
tionary guide shoe, and out of the 
tank by means of a pair of pinch- 
rolls. The speed of these pinch- 
rolls governs the draw-down of 
the molten film as it travels 
through the air gap between the 
die and the quench tank, and 
determines the final caliper of the 
film. 

The trimming operation is per- 
formed with either a stationary or 
a rotary-blade unit. Trimming is 
necesary to remove the edgi 
material which is thicker thar 
the rest of the film. Generally }: 
to % in. of the material is re- 
moved from each edge during thi: 
operation. 

After trimming, the film i: 
drawn through a second pair © 
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ull-off rolls which feed it to the 
nal take-up roll. This roll is usu- 
lly axially driven and best roll 
ormation has been obtained from 
: constant torque system of 
winding. 

Blown film: In this method, the 
stock is extruded from the die as 
a comparatively thick tubular 

Channel Depth Channel Depth of 
section which is expanded by air Diameter (D), Pitch (P), of Feed Section (hy), | Metering Section (h2), Width (W), 
pressure, while still molten, to eee wore — ese —— 
the desired size and thickness. , , 0.240 0.075 0.150 
The tubing is usually extruded ’ 
vertically upward though it may 
also be extruded downward or - 
horizontally. Air is maintained in : : Pies: ee aii see 
the tube by the closed die at 3s 0.440 0.110 0.350 
one end and the motor-driven 
squeeze rolls at the other. From 
the squeeze rolls the extruded 


FEED SECTION METERING SECTION 


COMPRESSION 








a Pitch 


SUGGESTED DIMENSIONS OF SCREW 





0.320 0.085 0.200 


0.380 0.095 0.250 


0.500 0.125 0.450 

















0.580 0.145 0.600 





tubing will then pass on to a 
wind-up machine. 

It is of the utmost importance 
that caliper be uniform to in- 
sure wrinkle-free film and even 
windup of rolls. The internal air 
pressure, extruder output, die 
adjustment, take-off speed, and 
temperature are factors which 
also affect caliper. 

In the extruder used for blown 
tubing, barrel temperatures are 
lower than those used for flat film 
extrusion. Temperatures between 
300 and 375° F. are typical. The 
extruder melts the resin and then 
it conveys the melted resin to the 
die. 

The die may be bottom or side 
fed, but in either case the poly- 
ethylene flows around a mandrel 
which forms it into a tube. The 
die annulus is commonly 0.015 to 
0.025 in. and it is generally ad- 
justed just as soon as possible 
after start-up. 

As the polyethylene tube is- 
sues from the die, it is drawn 
manually to the pinch rolls, which 
take it off at a uniform rate. Air 
is then admitted slowly through 
the center of the mandrel to ex- 
pand the tube until the desired di- 
ameter is attained. When this is 
accomplished, it is then shut off, 
and a locked volume of air will be 
left in the tube. 


Extrusion coating 


The extrusion coating process 
msists essentially of these three 
‘eps: Film is extruded at high 
‘emperature. While in a molten 
ate it is drawn through the nip 
two rolls where it comes in 


Fig. 1: Metering-type rapid compression screw 


contact with the substrata. Pres- 
sure is applied by the rolls to 
effect lamination. One roll is a 
water-cooled chill roll which 
solidifies the polyethylene; the 
other roll employed is a rubber 
pressure roll. 

The process requires an elec- 
trically-heated machine, since the 
resin must be heated to a tem- 
perature of 600° F. The extruder 
die should be located so that the 
film meets the substrata at the nip 
of the rolls or slightly to the rub- 
ber roll side. If the film should 
touch the water-cooled chill roll 
first, unsatisfactory adhesion will 
result. 

The pressure roll is made of a 
heat-resistant rubber cured to a 
Durometer hardness of 60. The 
pressure, though not critical, 
should be in the range of 60 lb./ 
in. along the surface of contact. 

The chill roll consists of a 
spirally-cored jacket cooled with 
water so that the surface tem- 
perature does not exceed 150° F. 
The chill roll is driven by a vari- 
able-speed motor which draws 
the extruded film to the desired 
thickness. 

It is necessary to trim the edge 
of the coated material in order to 
remove the bead that is formed on 
each edge. 


Wire coating 


Since polyethylene resin is an 
outstanding dielectric with excel- 
lent physical properties, it is used 
as an insulating jacket in many 
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types of wire construction. In a 
typical coating operation, wire is 
paid off from a device which 
maintains constant tension. Pre- 
heating of the wire improves 
adhesion of the coating and helps 
to remove any residual oil or 
drawing die lubricant which may 
be present. The wire may be 
heated by either one of two meth- 
ods: gas burners or resistance 
heating. 

From the preheater, the wire 
passes into the die and guider 
mounted in a cross-head. The 
pressure exerted by the screw 
forces the polyethylene resin 
over the guider and out of the 
die. 

At the same time, wire passes 
through the guider and emerges 
coated with a sheath of poly- 
ethylene. Wall thicknesses from 
less than 0.010 in. to greater than 
0.500 in. may be applied. The rate 
at which wire is coated is de- 
pendent mainly upon the wall 
thickness to be applied. Insula- 
tions have been extruded on wire 
at a rate of greater than 2000 ft./ 
min. and on cables about 2 in. 
in diameter at a rate of 30 ft./ 
minute. 


Purging routine 


A highly-filled vinyl compound 
should be used to purge out the 
polyethylene from the extruder. 
The machine should be cooled to 
a temperature of approximately 
320° F., before the purging opera- 
tion is begun. 
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BY ROBERT DOYLE* 


Extrusion 
high-density 


techniques for the 

(0.941-0.965) poly- 
ethylenes are not yet as firmly 
established as those for the lower- 
density types of polyethylene. 
Thus far, conventional polyethyl- 
ene equipment and methods have 
generally been employed. Mean- 
while, techniques specifically de- 
signed for high-density polyethyl- 
enes are being developed and 
improved. Those operating condi- 
tions and procedures which have 
been found to differ are sum- 
marized in the following. 

An extruder with a 20:1 L/D 
ratio is recommended for any ex- 
trusion of high-density polyethyl- 
ene. Also, a stepped-type (“ny- 
lon”) metering screw is preferred 
over a stepless metering screw. 
Screw cooling is usually not re- 
quired although the hopper 
should be cooled. Light screen 
packs (20/80) are generally ade- 
quate except for slot-extruded 
film, extrusion coating, and fila- 
ments. For many products, die 
lands longer than used with low- 
density polyethylene are also sug- 
gested. 


Extrusion of pipe 

Pipe may be extruded by ex- 
ternal sizing tube techniques, 
using internal air pressure or ex- 
ternal vacuum, and by internal 
sizing mandrel procedures. The 
use of sizing plates and rings ap- 
pears to be less preferred at pres- 
ent. Of these techniques, the ex- 
ternal sizing tube with internal 
pressure has received widest ac- 
ceptance. In this technique, the 
pipe is extruded about 12% under 
the final O.D. but with a 5% ex- 
cess cross-sectional area of mate- 
rial to allow for being blown to 
size in the sizing tube. The latter 
tube should be constructed to pro- 
vide efficient and rapid cooling 
while also allowing for 2 to 4% 
shrinkage of the pipe to final size. 
Extrusion conditions should give a 
material temperature at the die of 
400 to 450° F. for best pipe prop- 
erties. Thereafter, production 
rates will depend on the efficiency 
* Group Leader, Sales Service Laboratory, Plas- 
tics Sales Div., Phillips Chemical Co., Bartles- 
ville, Okla 
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of cooling in the sizing tube. Ad- 
ditional cooling in a water tank 
is generally required. The pipe 
haul-off should provide uniform, 
good traction on the rigid, glossy 
pipe thus produced. 


Extrusion of filaments 


High-density polyethylene has 
greatly extended the range of 
properties available in polyethyl- 
ene filaments. Design of the fila- 
ment die is very important. The 
approaches to the orifices must be 
well streamlined, highly polished, 
and designed to give a uniform 
pressure distribution. The orifices 
must also be highly polished and 
uniform in size with optically 
sharp external edges. The land 
length is not critical. A 1:1 land 
to diameter ratio is sufficient. The 
extrudate temperature should be 
400 to 600° F. 

Contrary to what is done for 
low-density polyethylene _fila- 
ments, a 3:1 to 5:1 draw-down in 
the molten state will give the best 
final strength. The cooling bath 
temperature is not critical; tap 
water is satisfactory. The Godet 
rolls should be wrapped with a 
friction cover or sandblasted to 
provide adequate traction. “Cold” 
drawing should be done at 175 to 
255° F. to give a second draw- 
down of 5:1 to 10:1 depending on 
what properties are desired. 

For fabrics to be used at ele- 
vated temperatures, the filaments 
should be annealed at a tempera- 
ture above that to be encountered 
in actual use. 


Film extrusion 


Conventional polyethylene film 
extrusion practices will yield a 
frosty or milky appearing film 
with high-density polyethylenes. 
However, by various quenching 
techniques, film properties may be 
varied widely. With the optimum 
in quick quenching, exceptional 
clarity and sparkle is achieved. 
With slow cooling, the maximum 
impermeability is realized. High- 
density film is stiff and completely 
nonblocking. In heavier gages (4 
to 20 mils) the blown tubing may 
be split and thermoformed. 

Flat film: Both casting roll and 


water bath quenching may be 
used. The cast film is less oriented 
but the water-quenched film is 
clearer and more sparkling. Stock 
temperatures of 525 to 575° F. and 
a roll temperature of 100 to 150 
F. are recommended for the cast- 
ing roll process. Also suggested 
are: relatively small die openings, 
minimum die-to-chill-roll dis- 
tance, and minimum take-up ten- 
sion. 

In the water bath process, the 
die should be within about ¥%4 in. 
of the water for thin film, the bath 
should be accurately controlled 
between 140 to 150° F., and a 
high-flow (5.0 M.I.) type of high- 
density polyethylene should be 
used. A fine screen pack is recom- 
mended and a die opening of 0.020 
in. may be used for 0.0005- to 
0.0015-in. film. Stock tempera- 
tures of 425 to 510° F. are indi- 
cated with the upper portion of 
this range being used for the 
lightest gages. 

Blown film: Blown tubing may 
be extruded from high-density 
polyethylene with conventional 
temperatures and equipment pro- 
vided that the following condi- 
tions are observed. Good gage 
control must be maintained from 
a clean, adjustable die. Die and 
pinch rolls must be accurately 
aligned due to the greater stiff- 
ness of the film. If an air ring is 
used, it must deliver a circum- 
ferentially uniform flow of air. 
Flat plates are preferable to roll- 
ers for wrinkle-free flattening of 
the tube and the included angle 
between the plates should be 
small. Also, the high “slip” prop- 
erties of high-density film dictate 
the use of center winding rather 
than surface winding. 


Sheet extrusion 


The sheet dies and polishing roll 
system used for styrene polymer 
sheet may be employed for high- 
density polyethylene with equal 
success. A three-roll system is 
preferred over a two-roll system 
where a good gloss is desired on 
both sides of the sheet. Die tem- 
peratures of 460 to 480° F. are 
suggested for lighter gages, such 
as 40 mils, and _progressivels 
lower temperatures, down to 320 
F., are recommended for heavie? 
gages, i.e., up to 250 mils. A mini- 
mum die-to-roll-nip distance i: 
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Nitrogen blanketing of polyethylene extruder 
feed minimizes oxidation and helps solve such 
problems as gels, fisheyes, and dark spots 
(Technical Service Laboratory, U.S. Indus- 
trial Chemicals Co., Div. of National Distillers 
& Chemical Corp.). If the molten polyethylene 
is blanketed with an inert gas as it leaves the 
extruder, it reduces the buildup of oxidized 
material on the die lip of the extruder. 


A monofilament (Velon LP, Firestone Plas- 
tics Co.) made of low-pressure-processed 
(linear) polyethylene is suitable for webbing 
for outdoor furniture and broad fabrics for 
casual upholstery and automobile seat covers. 


A new high-quality black polyethylene for- 
mulation (Alathon .5F, Du Pont) is offered as 
a film and paper-coating resin for uses where 
resistance to outdoor weathering is important. 


A new polyethyiene resin (Alathon 31, Du 
Pont), for use in making heavy sheet for 
thermoforming, is easily extruded, yet has a 
high enough viscosity to resist sagging during 
the preliminary heating step of the thermo- 
forming process and to be shaped into finished 
parts when drawn down over the mold. 


A low-pressure-processed (Ziegler-type) 
polyethylene (Hostalen, Farbwerke Hoechst) 
has been accepted under the Canadian Food 
and Drug Act. A special polyethylene pipe 
compound (Hostalen GM-5010, Hoechst 
Chemicals Co.) has an expected service life 
of 50 yr., comparable with steel pipe life spans. 


A new process for incorporating 50% or more 
carbon black in polyethylene (CAB-XL, God- 
frey L. Cabot, Inc.) uses chemical methods 


and conventional plastics compounding equip- 
ment. Pipe made from this polyethylene has 
50% greater burst strength. It is flexible up to 
1 in. in diameter and presumably will also be 
flexible at 2 inches. 


Coaxial cable manufactured with a new poly- 
ethylene formulation (12253, Monsanto 
Chemical Co.) meets the requirements of 
MIL-C-17B specifications. It also conforms 
to MIL-D-3054A, which specifies the require- 
ments for polyethylene dielectric 
used in radio-frequency cables. 


material 


A new low-pressure-processed polyethylene 
(Semet-Solvay Div., Allied Chemical Corp.) 
has a density between 0.950 and 0.960 and a 
molecular weight of about 750,000. At present, 
it is available only in pipe grade. It shows no 
environmental stress cracking, possesses high 
temperature-resistance, good burst strength, 
and extra smooth surfaces. 


A new water-soluble resin (Polyox, Union 
Carbide Chemicals Co.) is a polymer of eth- 
ylene oxide. A cord the size of ordinary wrap- 
ping twine made from this resin is so strong 
that it cannot be broken by an average man’s 
pull. Dry film made from this material will 
take up very little moisture (0.3 to 3°) at 
normal humidity, but even at 95% humidity 
it maintains a dry, nontacky surface. 


An improved variety of low-pressure-proc- 
essed polyethylene (Type 2 Marlex 50, Phillips 
Chemical), designed particularly for sheets 
and bottles, has a low melt index of 0.2. It 
shows increased toughness, greater environ- 
mental stress-cracking resistance, higher melt- 
viscosity, and an increase in creep properties. 








recommended. The polishing rolls 
may range from 200 to 240° F. 
with the higher temperature be- 
ing used for the cooler, ie., 
heavier, sheet. Close control of 
these roll temperatures is im- 
portant. Tension on the sheet 
should be held to a minimum con- 
sistant with the production of flat 
sheet. With these techniques, high 
production rates are readily at- 
tainable. 

For sheet that is to be thermo- 
formed, a low MLI. (0.2) type of 
high-density polyethylene should 

» used, 

The rigidity and thermoforming 


properties of high-density poly- 
ethylene extruded sheet make it 
commercially attractive for fabri- 
cating and thermoforming. 

High-density polyethylenes 
have been coated onto various 
substrates at thicknesses down to 
2 to 3 mils on standard equip- 
ment, but at some sacrifice in 
running speed. Higher speeds and 
thinner coatings may be obtained 
by: a) pressure coating, employ- 
ing a calendering type of action; 
and b) blending in of suitable 
waxes before beginning the ex- 
trusion process. 

The latter route offers the 
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broadest general utility, and com- 
pounds containing waxes are 
being developed. Some of these 
have already been drawn down 
to coatings of less than 0.3 mils 
in thickness at speeds exceeding 
250 ft./min. while retaining an 
outstanding degree of imperme- 
ability and greaseproofness. Com- 
mercial exploitation of these 
properties appears imminent. 


Wire coating 

High-density polyethylene wire 
coating compounds are offered for 
extrusion at high speeds on stand- 
ard polyethylene wire coating 
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Clear packaging film ex- 
truded of high-density 
polyethylene is low-cost 
and strong. (Photo, Phillips) 


equipment, at stock temperatures 
of around 500° F. Preheating of 
the bare wire is advisable for 
good adhesion and the coated 
wire must be cooled slowly to 
eliminate voids. Four successive 
baths at 115° F., 190° F., 170° F., 
and tap water temperature, out- 
ward from the die, have been 
used successfully. Foamed wire- 
coating compounds high- 
density polyethylene, a more re- 
cent development, offer consider- 
able promise of further extending 


from 


the range of electrical properties 
available. 


Purging 

In the hot melt condition, a 
high-density polyethylene: strips 
cleanly off dies and screws more 
readily than any low- or inter- 
polyethylene. 
Therefore, the need for purging 


mediate-density 
compounds may generally be 
eliminated. 


References 


“Extrusion and forming of high- 
density polyethylene blown 
tubing,” by Robert Doyle, Mop- 
ERN Puiastics 35, 137 (May 1958). 

“Extrusion of clear film from 
high-density polyethylene,” by 
Robert Doyle, SPE J. 14, 35 (June 
1958). 


774 


EXTRUSION: Flexible polyvinyl chloride 





BY G. F. COHAN 


Plasticized polyvinyl chloride 
must be heated and worked me- 
chanically to prepare it for final 
shaping by the extrusion die. The 
original method was to mix the 
stock on a two-roll mill and feed 
hot strip to the relatively short- 
barrel extruder used in the rub- 
ber industry. This required sub- 
stantial “mixing equipment but 
made few demands on the ex- 
truder. With the advent of cold 
granular compounds previously 
mixed on the mill or in the Ban- 
bury, the extruder had to perform 
another function, i.e., heating and 
reworking the compound. To do 
this, barrels were extended to a 
ratio of length-to-screw diameter 
of 10 or 15:1 and screws were 
designed with shallower flights 
to provide greater shearing ac- 
tion. 

Eliminating the milling process 
and preparing the basic ingre- 
dients in the form of a relatively 
dry, free-flowing powder left to 
the extrusion machine the entire 
job of applying heat and me- 
chanical work. Thus, still longer 
cylinders, containing screws with 
shallower flights and higher com- 
pression ratios, were built. In ad- 
dition, dual-screw machines are 
used to a lesser degree to per- 
form the function. The 
method of preparing and feeding 
the plasticized compound will de- 
termine the extruding equipment 
to be used. 


same 


Extrusion techniques 

Since the basic functions of 
the extruder are to heat and work 
a compound before forming it, 
control of temperature and pres- 
sure is vital. External heat is ap- 
plied by means of oil or electri- 
cally heated cylinders. The oil is 
also used as a cooling medium 
while cylinders which are heated 
electrically are cooled by air or 
water. Frictional heat is gener- 
ated internally by the shearing 
action of the screw against the 
cylinder walls. This is determined 
largely by design of the screw 
and control of its temperature. 
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Water or steam may be circulated 
within the screw for about two- 
thirds of its length. Control of 
both inlet and outlet water tem- 
perature permits adjustment of 
stock viscosity and resulting fric- 
tional heat. 

To allow the screw to work the 
compound properly, a_ definite 
amount of back pressure must be 
developed. With small die open- 
ings relative to the size of the 
screw, the die itself may provide 
sufficient back pressure. In ex- 
truding insulation on wire, vary- 
ing the space between the tip and 
die will help to control pressure 
on the compound. Other methods 
of increasing the pressure include 
the use of longer die lands, finer 
screen packs, cooler screws, or 
valve-type restrictions between 
the head and die. These methods 
reduce output and require higher 
screw speeds to maintain desira- 
ble rates of flow. The screw speed 
attained will be limited by the 
dimensional tolerances and ap- 
pearance of the finished product. 

Since the extrusion machine 
provides an effective means of 
heating and working, it is also 
used to prepare stock for calen- 
dering and injection molding. In 
the latter case, flow temperatures 
are close to compound breakdown 
temperatures so that development 
of stock temperature by internal 
frictional heat is preferable to ex- 
ternal heating. It is difficult to 
attain the proper temperature by 
external means since PVC is so 
poor a conductor of heat. 


Dies 

Wherever practical, streamlined 
dies are preferred. With most 
profiles, flat-plate dies are used 
with a standard tapered approach 
which varies from 30 to 60 de- 
grees. Actual approach to the die 
land for some thin-wall wire in- 
sulation may be as low as 9 de- 
grees. 

Dies are made 10 to 20% over- 
size, anticipating that the section 
will be drawn down to size. Flow 
patterns may be adjusted by 
changing orifice size as well as 
by varying the land length. Open 
ing the approach to the land i 
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the usual way to reduce its length. 
In general, as the sections being 
extruded grow larger, the lands 
must be lengthened to smooth out 
the flow. The rate at which ma- 
terial passes over the surface of 
the die also affects the length of 
land to be chosen. 

Tubing or hose dies contain a 
hollow mandrel tapered at the 
approach end and held in place 
by means of spider legs, or ex- 
tending from the rear of the die, 
without legs. Air is introduced 
through one of the legs and the 
mandrel to maintain the shape 
of thin-wall tubing or to expand 
the extruded tube in making 
blown film. Film dies may be 
either the circular-type, making 
an expanded tube which is later 
slit, or the flat-strip variety. The 
latter are more versatile but must 
be carefully designed to distribute 
flow across a wide area and still 
maintain uniform gage across the 
sheet. 


Cooling and take-up 

Extruded profiles are drawn 
through a water cooling bath by 
means of a variable-speed endless 
belt. Slipping is prevented either 
by winding the shape around the 
belt or by weighted idler rolls. 
Insulated wire is pulled through 
a water bath by means of a vari- 
able-speed capstan. Water tem- 
peratures are usually 50 to 80° F.; 
two-stage cooling is also used. 


Corrosion-resistant, low cost rigid vinyl pipe is developing into 
major market for extruded vinyl. (Photo, B. F.Goodrich) 


Air cooling is usually adequate 
for thin films, while cooling drums 
are used for heavier gages. 


New developments 


Induction heating is now being 
offered as a faster and more eco- 
nomical method of heating. 

Extrusion from dry blends has 
not been entirely successful in 
larger shapes which offer little 
back pressure from the die. To 
build up pressure within the 
cylinder, various methods of pro- 
viding restrictions ahead of the 
die have been suggested. These 
include the use of a movable 
screw to vary the space between 
its tapered tip and the conical 





TABLE |: Extrusion of polyvinyl chloride 





Material form: 
Screw 


Description 


Ratio of length-to-diameter 
(longer screws are satisfactory) 

Depth of flight at delivery end of 
3% in. screw in. 

Compression ratio’ 

Pitch (distance between flights) 

Operation 

Pressure, p.s.i. 
(between delivery end of screw 
and breaker plate) 

Stock temperature, ° F. 


Granules 


10:1 min. 


Flexible Rigid 


Dry blend Granules 


Single, full flight, constant pitch, 
increasing root diameter 


15:1 min. 15:1 min. 


Yq lg Vy 


2:1 4:1 2:1 
Approximately equal to screw diameter 


1000-3000 
320-400 


‘olume of material between flights at feed end 
Volume of material between flights at delivery end 
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approach to the die, a needle-type 
valve between the breaker plate 
and die, a movable sleeve on the 
guider in wire insulating, and the 
choke bar in flat-sheet dies. 

Porosity due to trapped air has 
also been a problem in powder 
extrusion of larger shapes which 
offer little back pressure. The use 
of vents midway along the barrel 
of the extruder help to eliminate 
volatile material. The screw at the 
vent section has deeper flights, so 
that there is no pressure on the 
stock at this point. 

Materialwise, resins have been 
developed for powder extrusions 
which flux faster in the barrel, 
permitting higher screw speeds 
and faster rates of flow. The trend 
toward semirigid wire insulation 
has been assisted by the devel- 
opment of less volatile plasticizers 
with high-temperature resistance. 


References 

For further information on vinyl 
materials, see p. 165; on extrusion 
equipment, see p. 958. 

“1956—the probabilities—vinyl 
chloride,” Moprern Ptastics 33, 
92 (Jan. 1956). 

“What you should know about 
plasticizers for vinyls (molding 
and extrusion compounds),” by 
H. S. Bergen, E. E. Cowell, and 
W. Waychoff, Mopern Ptastics 30, 
93 (Nov. 1953). 

“Compounding and processing 
rigid PVC,” by R. J. Ettinger, 
SPE J. 9, 16 (Feb. 1953). 


“Blow extrusion of thin vinyl 
film,” British Plastics 26, 24 (Jan. 
1953). 








EXTRUSION: Rigid vinyls 





Variations in techniques for ex- 
truding unplasticized vinyls differ 
in many respects from those used 
in extruding plasticized vinyls. 
Table I, below, prepared by Allan 
G. Folsom, Bolta Products, Inc., 
Div. General Tire & Rubber Co., 
Lawrence, Mass., summarizes 
some of these techniques. It 
should be noted that unplasticized 


PVC is commercially extruded on 
both twin-screw and single-screw 
machines. Most commercial ex- 
trusion, whether on twin- or 
single-screw machines, is accom- 
plished by extrusion from gran- 
ules. Extrusion from preblended 
powder is an extremely critical 
process in which the optimum 
physical properties of the com- 


pound may or may not be devel- 
oped. The double heat history re- 
sulting from Banbury mixing and 
milling prior to extrusion results 
in high-impact strength in the ex- 
truded product. 

Much European PVC pipe pro- 
duction is the result of hot strip 
feeding. In the U.S.A., this type 
of processing has not advanced 
beyond a speculative interest, al- 
though some companies are cur- 
rently researching the idea. 





TABLE | 


: Extrusion of unplasticized vinyls (diced feed) 





A) Machine characteristics 


Diameter, in., of screw needed to 
deliver at 60 r.p.m.: 
50 lb./hr. 
150 lb./hr. 
500 Ib./hr. 


Recommended L/D 


Recommended screw type 


Compression ratio 


Depth of feed zone in 150 lb./hr. 
screw, in. 


Lead ratio’ 


Screen pack, mesh numbers in 
direction of flow 


Drive power for 150 lb./hr., hp. 
B) Operating conditions 

Melt temperature at die, °F. 

Screw cooling 

Feed preheating 


Metal temperatures, °F. 
Rear cylinder 
Halfway along cylinder 
Forward cylinder 
Die 
Is extrudate water quenched? 
Water temp., °F. 
Air gap, in. 
Time in water, sec. 


Draw ratio’ 


Monofil. Sheeting 


2% 
3% 
18:1 | 


Constant pitch; 
increasing root 
diameter 


340-380 
Unnecessary 


Unnecessary 


290-310 

320-360 

360-375 
375 


; ; Volume of thread in first turn past feed opening 
1( ompression ratio = 7 i: 





Volume of thread in last turn at output end 
Steet wel Distance between corresponding points on successive turns of same flight 
ead ratio= -— 





Inside diameter of barrel 


* Draw ratio= - 


Cross-sectional area of die opening 





Cross-sectional area of finished (untrimmed) extrudate 


Shapes 


2% 2i6 
3% 342 





20:1 | 20:1 


Constant pitch; 
increasing root 
diameter with 
mixing head 


pe | 


1/2 
1:1 


340-380 
Unnecessary 


Unnecessary 
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Sheet Forming Techniques 


BY ROBERT L. BUTZKO* and E. BOWMAN STRATTON, JR.* 


|, = forming accounts for 
the production of the majority 
of the thousands of jobs now be- 
ing turned out by sheet forming. 
In this process, heating and 
forming take place in one ma- 
chine, which may be manually 
or automatically controlled. After 
the sheet is heated, a vacuum re- 
moves the air from between it 
and a mold, and atmospheric 
pressure forces the softened 
sheet against the mold. 

The following discussion deals 
with machines that form by 
straight vacuum or drape or a 
combination thereof or which are 
based on some variation of pres- 
sure or mechanical forming. 
There have been some recent de- 
velopments in the field. Two new 
techniques have aroused interest 
—plug-assist forming, in which a 
plug, which approximates the 
shape of the cavity, forces the 
sheet down into the mold, and 
air-slip forming, in which the 
male mold is carried upwards 
toward the clamped sheet com- 
pressing the air between the top 
of the mold and the sheet. Toward 
the end of the stroke, the male 
mold catches up with the bubble 
thus formed, the trapped air is 
evacuated, and the sheet is pulled 
down against the mold. Another 
type of machine under develop- 
ment is the “rotary” type which 
is based on the idea of a large 
turn-table revolving in front of 
the operator. Stopping at each 
120 degrees of travel places the 
clamping frame before the opera- 
tor who can unload and reload. 

Straight vacuum machines: One 
of the easiest types of forming at 
the present time is the use of 
vacuum alone to pull a heated 
sheet into or over a mold. This 
type of forming may be per- 
formed on a special machine for 
straight vacuum only, or may be 
performed on one of the combi- 
nation drape and straight vac- 


\uto-Vac Co., 1984 State St. Ext., Bridge- 
t, Conn 
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uum machines that are on the 
market. 

In a straight vacuum machine, 
the sheet clamp is usually at- 
tached to the mold or mold box, 
and is operated manually. In the 
combination machines, clamping 
is automatic. In the latter, the 
operator places the plastic sheet 
atop the mold and presses the 
starting buttons. The machine 
takes over, clamping the sheet, 
sending the heater over the sheet, 
heating for a timed interval, 
and opening the vacuum valve. 
After a timed cooling period, the 
vacuum is shut off, the clamp 
opens, and the formed piece is 
removed. The operator then in- 
serts another sheet for the next 
cycle. With this type of opera- 
tion, one operator may run two 
machines or may do other work 
such as trimming the formed 
parts. With the heater directly 


over the sheet and mold, split- 
second control of the heating 
cycle allows the vacuum valve to 
snap open when the exact mold- 
ing temperature is reached. 

Products made by this process 
are of the low-profile type, since 
the deeper the cavity, the thinner 
will be the plastic form. A rule 
of thumb generally used is that 
straight vacuum is used where 
the diameter of any opening is 
no less than twice the depth. 

Vacuum forming plastic sheets 
decorated by silk screening or 
printing has developed into big 
business. By coloring flat sheets 
in a distorted pattern which is 
registered in the clamping frame, 
pieces with highly accurate dec- 
orations may be produced inex- 
pensively. 

Straight vacuum forming over 
male mold: A variation of straight 
vacuum forming is vacuum form- 
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ing on a male form placed in a 
cavity. This type of forming places 
the thickest part of the plastic 
part on the top, resulting in a 
stronger part. However, much 
more waste occurs since the plas- 
tic must be drawn down the sides 
of the female portion sufficiently 
far to prevent excess thinning at 
the base of the male plug. This 
type of forming was used exten- 
sively before the development of 
equipment for drape forming, de- 
scribed below. Some _ products 
with low profiles are still molded 
economically by means of this 
method. 

In the molding of one type of 
three-dimensional map by this 
process, vacuum is applied to the 
combination mold before heat is 
applied to the sheet. As the sheet 
softens, the vacuum drapes the 
sheet over the male mold and 
down around the sides. When the 
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sheet is fully formed, the heat is 
removed. Proponents of this type 
of molding claim that greater ac- 
curacy of registration is possible 
since the sheet is immediately 
locked on the projections of the 
male mold. 

Drape forming over male mold: 
By the drape process, plastic 
products can be formed with 
thick wall sections without ex- 
treme waste. In low-profile forms, 
parts may be formed either by 
straight vacuum or by the drape 
process; however, a better prod- 
uct can be formed from a thinner 
sheet by the drape process. In 
the drape process the plastic 
sheet is draped or pulled over the 
male form until the level of the 
sheet is down to the lowest height 
of the mold. The sheet is then 
sealed at the edges of the mold 
and the vacuum applied, pulling 
the sheet to the contours of the 


mold. Parts may have female 
sections within the male form, 
thus making possible the success- 
ful forming of many complicated 
shapes. 

Forming of precolored sheets 
can be accomplished, but very 
close control of prestretching is 
required. The use of temperature- 
controlled molds eases this proc- 
ess since the slip of the plastic 
sheet is governed by mold tem- 
perature. 

Refrigerator parts are among 
the high-production items formed 
by the drape process. The inner 
side of a door is a prime example. 
Formerly these doors were in- 
jection molded, usually on 200- 
or 300-0z. injection machines. 
Mold cost ran approximately 
$25,000 each and required from 
14 to 20 weeks to obtain. Vacuum 
molds cost from $1200 to $2000 
each and cutting dies from $2000 
to $4000. These molds and dies 
may be obtained in about 6 
weeks. With such low tooling 
costs, vacuum forming permits 
design changes to be made every 
year, whereas most _ injection 
molds are expected to last three 
years to amortize the tooling. 


Drawing to extreme depths is 
a recent development of the 
drape process. Rigid vinyl is used 


successfully to form parts in 
which the depth is 1% times the 
diameter, but normal draws by 
the drape process seldom exceed 
a 1 to 1 ratio of depth to diameter. 

Drape molding into female 
cavity: A variation of the drape 
process is draping into a female 
cavity. Some materials such as 
flexible vinyl or some of the 
heavy plastics will droop consid- 
erably upon heating and lock 
upon the mold, causing uneven 
products. By elevating the sheet 
in the heating process, the plastic 
is held far enough away from the 
mold so that the plastic sheet will 
not touch it. After heating, the 
sheet is draped in the conven- 
tional manner and the vacuum 
forms the part. 

Automatic roll - feed drape 
forming: On one machine, the 
operation is completely automatic, 
requiring no operator in constant 
attendance. As many as 50,000 
small parts per hr. are possible 
and such jobs can run 24 hr. per 
day without interruption. Unlike 
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hand-fed operations in which 
slight variations of cycle require 
slight adjustments during the day, 
the completely automatic vacuum 
forming machine will run con- 
tinuously without cycle variation. 

Temperature-controlled molds 
are a must. They are heated to 
the required temperature before 
the first cycle. Any material now 
on the market may be used in 
any thickness which can be rolled 
without a permanent set. The 
usual thicknesses are from 0.005 
to 0.040 inch. The average roll 
from 12 to 15 in. in diameter 
weighs from 100 to 150 pounds. 
With this equipment, the material 
rial, on a roll at one side of the 
machine, is drawn over the mold 
where the clamping, heat, drape, 
and vacuum are applied auto- 
matically. At the end of the cool- 
ing cycle, the material is auto- 
matically unclamped and indexed 
forward. 

An average thin-walled pack- 
age part may be run 3 cycles per 
min. in a multi-cavity mold. Since 
the finished parts are still in web 
form as they leave the machine, 
they may be fed directly into an 
automatic cutter or directly into 
loading equipment. 

Forming into a female mold 
with helper: In order to reduce 
the thinning at the bottom of a 
part drawn into a female mold, 
a male plug may be used. In this 
case, after the plastic sheet is 
heated in place over the female 
mold, the plug is pushed down- 
ward against the sheet, drawing 
material from the sides into the 
bottom of the mold. Then, when 
the vacuum is applied, the bottom 
of the sheet has only a short dis- 
tance to travel and does not thin 
out as much as with straight vac- 
uum. This process has a* disad- 
vantage in that the plug will 
leave a mark-off on the sheet. 
The design of the plug is very 
important since just the right 
amount of plastic must be forced 
down to prevent thin spots from 
showing up in the side walls of 
the formed part. 

Extrusion vacuum forming: 
One of the most economical proc- 
esses is vacuum forming the hot 
plastic sheet as it emerges from 
the rolls or die of a sheet-extru- 
der setup. Proponents of this 
type of forming emphasize that 
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all scrap can be reground and fed 
back into the hopper of the ex- 
trusion machine. Utilizing the 
heat already in the sheet, the 
forming in some cases is done di- 
rectly as the sheet is extruded. 
In other cases it is necessary to 
have additional heat, since the 
sheet cools rapidly as it leaves 
the extruder. 

In one type of forming, the 
sheet emerges on a moving belt 
and the mold is manually 
dropped on it and travels with 
the sheet and belt. After the mold 
has made contact with the sheet, 
the vacuum is turned on and 
draws the plastic into the mold. 
After the mold has traveled with 
the sheet until the part is cooled 
sufficiently, the vacuum is turned 
off and the mold lifted off and re- 
set on the next section of the 
plastic sheet. 

In a later type of machine, the 
mold is lifted and indexed auto- 
matically. In most extrusion- 
vacuum forming operations the 
molds are applied to the top of 
the sheet. 

Snap-back forming: Another 
variation of vacuum forming is 
snap-back forming in which the 
sheet plastic is clamped on top of 
a vacuum box and heated. When 
the sheet has reached the correct 
temperature, vacuum is applied 
to the vacuum box, the sheet is 
pulled down to a predetermined 
depth, and a male plug, lowered 
into the cavity, clamps air tight 
on the vacuum box. The vacuum 
is now released from the box, 
and vacuum is applied to the 
male plug. The vacuum pulling 
through the tiny holes in the plug 
snaps the sheet against the plug, 
forming it to the contours of the 
plug. 

Some fabricators use vacuum in 
the box only. In this case, when 
the vacuum is released slowly, 
the natural tendency of 
thermoplastics to return to their 
original flat shape causes the 
sheet to settle back against the 
plug. In this type of forming, 


most 


however, reverse projections can- 
not be formed, but very little 
mark-off occurs and optical clar- 
ity of the material can be main- 
tained. Snap-back forming is per- 
formed in an air press with an 
overhead piston and, as a general 
rule, the plastic is clamped in a 
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frame and heated outside the 
press. 

Free vacuum forming: For 
some types of forming where 
perfect optical clarity must be 
maintained, the plastic sheets can 
be molded into spherical shapes 
by free vacuum forming. Sky- 
lights, for example, are molded 
in this manner. The plastic sheet 
is clamped over a vacuum box 
and heated. When the sheet 
reaches the proper temperature, 
vacuum is applied, drawing the 
sheet into the box. When the part 
is of correct depth, the vacuum 
is reduced and held until the part 
cools. An electric eye circuit, ac- 
tuated by the formed part when 
it reaches a predetermined depth, 
may be incorporated in the setup 
to control the vacuum. 


Pressure forming 

Since vacuum provides only 
about 14 p.s.i. pressure, better re- 
sults may be obtained on some 
plastics and some products by 
using air pressure. Pressure up 
to 150 p.s.i. has been used. The 
equipment 


required is much 
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heavier and consequently more 
expensive. Hydraulic presses with 
high ram speed and pressures 
from 50 to 200 tons are used and 
usually high-capacity hydraulic 
pumps are necessary. Most of the 
early flexible vinyl place mats 
were formed this way. Although 
production is usually slower than 
vacuum forming, better detail 
results from the higher pressure. 
Unlike vacuum forming, only 
metal molds may be used since 
the pressures will brec« down 
other materials. Care must be 
taken in making the molds since 
the pressure will force material 
into any undercut and lock it in 
the mold. 

Heating is accomplished by 
clamping the material in a frame 
and placing it in an oven. After 
heating to the proper tempera- 
ture, the frame is placed in the 
hydraulic press and _ clamped 
shut. Air pressure then forms the 
part. Thinning is quite similar to 
that encountered in vacuum 
forming. 

Pressure forming into female 
mold: In this type of forming, a 
hydraulic press is used to clamp 
the mold with the pressure plate 


and clamping must be adequate 
to resist the impact of the pres- 
sure. The metal female mold is 
clamped to the press base and the 
pressure plate to the top of the 
press. 


The plastic sheet is clamped in 
a frame and heated in an exter- 
nal heater to proper temperature. 
The clamp frame and _ plastic 
sheet are then transferred to the 
press and the press closed. Air 
pressure applied through holes in 
the pressure plate forces the plas- 
tic to the contours of the mold. 
Molds must be carefully polished 
since the pressure will pick up 
any defect in the mold and result 
in an unsatisfactory product. 

Pressure forming into female 
mold with helper: To reduce the 
thinning that occurs in a female 
mold, a helper plug is sometimes 
mounted on the pressure plate. 
This has the effect of prestretch- 
ing the plastic and drawing ma- 
terial from the side walls into the 
bottom of the cavity. The form- 
ing process is identical to that 
outlined for pressure forming into 
a female cavity. The design of the 
plug is important to pull the cor- 
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rect amount of plastic from the 
side walls. 

Free blowing: Products requir- 
ing high optical clarity, such as 
aircraft canopies, may be formed 
by free blowing. In this type of 
forming, the plastic sheet is held 
in a clamp whose inside contour 
is the outline of the base of the 
finished product. The plastic 
sheet is heated and clamped over 
the top of a pressure box. Air 
pressure is then applied, blowing 
the plastic sheet to the required 
shape. 

Many special jigs and adapters 
are necessary in this process to 
produce complicated shapes. Most 
of the success of this type of 
forming is due to the individual 
skill and techniques of the opera- 
tor working the machine. 


Mechanical forming 


The oldest method of forming is 
by the use of straight mechanical 
actions without vacuum or air, 
and has many variations. Essen- 
tially, any sheet of 
heated thermoplastic may be 
formed mechanically. Usually, 
heavy mark-off occurs so the 
products must be those where 
this factor is not objectionable. 
Sheet metal equipment such as 
crank presses, benders, air 
presses, rollers, and creasers are 
used, as well as special tools such 
as curling equipment. 

Male and female dies: Form- 
ing by male and female molds is 
accomplished by using molds of 
almost any material. The best 
molds are of matched metal but 
these are also the most expensive. 
In this process, the sheet plastic 
is heated in an oven or on 
a hot plate. When at the proper 
temperature, the sheet is placed 
over the female mold mounted 
in an air press. The male part 
of the die, which is attached 
to the ram of the press, is low- 
ered, shaping the plastic between 
the two halves of the die. After 
a cooling period, the part is re- 
moved. 

Plug and ring: A variation of 
male and female forming is the 
plug and ring, which has several 
different approaches. In this case, 
the plug and ring do not resemble 
the final part but the shape is 
drawn between the two. The 
plastic sheet, heated convention- 


correctly 


ally, is clamped over the ring and 
the plug is forced down into the 
sheet for a predetermined dis- 
tance, forming the part. 

Another method is to have a 
ring and a plug of smaller di- 
ameter, leaving just enough room 
for the plastic. The forming op- 
eration will produce a cup or 
shape with straight side walls. 

A third variation, applied suc- 
cessfully for forming thin plastics 
sheets to shallow depths, uses a 
cold sheet. The male plug is 
heated and used on a slow-acting 
air or hydraulic press. The heat 
of the plug causes the plastic to 
stretch and form between the ring 
and plug. 

Slip ring forming: In the previ- 
ously described mechanical proc- 
esses, the deeper parts stretch out 
considerably, resulting in thin 
side walls. In order to make a 
stronger part, a plug and ring 
setup may be used, in which the 
clamp exerts only low pressure. 
After heating conventionally, the 
plastic is held in this clamp and 
the plug pushed into the plastic 
to draw the part. The loosely-held 
plastic sheet will slip under the 
clamp and draw into the side 
walls, producing a part with 
thicker walls than would be 
otherwise possible. Various types 
of clamping methods have been 
devised to control this slippage 
and to prevent the clamp from 
chilling the sheet. 

In a variation of this type of 
forming, a grease-covered mold is 
used. The mold and plug must be 
heated so that the grease film is 
actually liquid. This reduces the 
mark-off which occurs from the 
slipping of the plastic. 

To bend angles in sheets, local- 
ized heating is used. The sheet is 
suspended over a tubular heating 
element and heated in the area 
to be bent. The part is then 
formed in a hinged blender or a 
sheet-metal brake. 

The necessity for forming a 
part on one machine and trim- 
ming it on another has in some 
instances discouraged the use of 
sheet forming. Recently a vac- 
uum, drape, and plug forming 
machine that also trims the prod- 
uct has been developed. The trim 
is reground and _ re-extruded, 
usually along with virgin ma- 
terial. 
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BY W. W. FARR* 


Nearly 90% of the applications 
for acrylic sheet are based on the 
outstanding optical or light- 
diffusing properties of the ma- 
terial, coupled with its good 
mechanical strength and unsur- 
passed performance in prolonged 
outdoor service. Two types of 
acrylic sheet are produced: cast 
and extruded, For the cast ma- 
terial, major applications cur- 
rently include: 1) outdoor signs; 
2) boat windshields; and 3) air- 
craft glazing, including cockpit 
enclosures, windshields, and pas- 
senger windows. Cast transparent 
sheet also is being used in out- 
door fluorescent lighting fixtures. 
Another important application for 
cast sheet is glazing for skylights, 
and corrugated roof and siding 
panels as used in various phases 
of building construction. 

For extruded acrylic sheet, the 
major applications are in lighting 
fixtures for industrial and out- 
door locations, and in industrial 
glazing. The extruded material 
does not have the same high 
optical quality as the cast, but is 
lower in cost in the thinner gages. 
Thin extruded sheets are used for 
watch crystals, and in the range 
of 0.060 to 0.080 in. for laminated 
spectacle frames. Cast thick sheet, 
i.e., over 44-in., is used primarily 
for mechanical models and a va- 
riety of display and demonstration 
pieces. 


Forming characteristics 


In forming characteristics, the 
cast acrylics differ appreciably 
from the extruded types. As illus- 
trated in Fig. 1, right, the cast 
acrylics become progressively 
more pliable with increasing tem- 
perature, in conventional fashion. 
However, above a certain tem- 
perature they lose relatively little 
additional stiffness as they are 
heated further. Since the stiffness 
starts to level off at a modulus of 
about 400 p.s.i., the cast acrylics 
* Technical 
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r Washington Sq., 
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must be heated to about 50° F. 
higher than most other thermo- 
plastics to permit forming at con- 
venient working pressures. How- 
ever, the compensating advantage 
is that precise temperature control 
is less critical, since the material, 
if moderately overheated, will re- 
tain sufficient strength to resist 
tearing or rupture during han- 
dling and forming. With most 
other thermoplastics, including the 
extruded acrylics, the sheet must 
be heated carefully since its me- 
chanical strength drops off rapidly 
at temperatures above the usual 
forming range. However, this 
greater degree of softening by the 
extruded acrylics makes it pos- 
sible to obtain better detail at low 
forming pressures or with vac- 
uum. 

Acrylic cast sheet has strong 
“elastic memory,” which causes a 
formed part to tend to revert to 
its original flat sheet form when 
heated to its forming temperature. 
This property permits fabricators 
to reheat and reform the material 
if an error is made during form- 
ing. However, the same heating 
operation should be used for flat- 
tening and reforming to avoid 


Fig. 1: Cast acrylics, as 
compared to extruded 
acrylics, become _ pro- 
gressively more pliable 
with increasing tem- 
peratures and show dif- 
ferent forming charac- 
teristics 
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exceeding the maximum heating 
times which are given in Table I, 
p. 782. 


Heating methods 


The three basic methods for 
heating acrylic sheet are by cir- 
culating hot-air oven, infra-red 
sources, and strip heating. Ovens 
are practically mandatory for 
sheet of a thickness of % in. or 
over. The oven may be heated 
electrically or by gas. If by gas, 
the oven should be designed with 
heat exchangers so that heated 
air, rather than the combustion 
gases, heat the plastic. The air 
flow should be carefully control- 
led to distribute the heat evenly 
throughout the oven, so that each 
sheet will be heated uniformly 
over its entire surface and all 
sheets will be heated to the same 
temperature. Recommended air 
flow across the surface of the 
plastic is about 150 ft./minute. 

Infra-red radiant heating may 
be used with relatively thin 
sheets. Its principal advantage is 
speed of heating due to the high 
surface temperatures of the heat- 
ers (600 to 1000° F.). Because the 
plastic is a relatively poor thermal 
conductor, exposure time to the 
infra-red sources must be care- 
fully controlled to avoid over- 
heating the surface of the 
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TABLE |: Recommended sheet temperature for forming acrylic 





Type of forming 


Two-dimensional (drape) 

Air-pressure differential 
without form (free-blown) 

Stretch (dry mold cover) 

Air-pressure differential 
with male form 
(snap-back) 

Grease forming 
Air-pressure differential | 

{ 


with female form 


Stretch with male form J 


m Plexiglas 5009, Plexiglas \M-100 
ore than | nr. at 


Group I’ 


—Thickness of sheet, in.— 
Group 2 


0.250 0.125 0.250 


F. F. 
290 290 


300 295 
320 300 


340 


Implex; do not heat this group above 340° F., or 


fased on Plexiglas Il, Plexiglas R & G, Plexiglas 55, Plexiglas V-100; do not heat this group 
t 60° | 


60 or for more than 1 hr. at 





material. Infra-red heating should 
not be used on sheets over '%-in. 
thick when heated from one side, 
or over '4-in. thick when heated 
from both sides. This method is 
generally not 
large sheets owing to the difficulty 


recommended for 


of heating large areas uniformly 
with individual Non- 


produce 


heaters. 
uniform heating can 


local stresses and poor optical 
quality in the formed part. 

Strip heating provides a simple 
and practical method for heating 
acrylic which is to be 
formed along a straight line. The 
heat source is generally a high 


sheet 


alloy resistance wire enclosed in 
a ceramic or metal shield. The 
should be 
shielded by a guard to prevent 
contact with the surface of the 
plastic; 


heating element 


otherwise, the material 


can be badly distorted. The sur- 
face of the plastic should be no 
closer than «6 in., even for ex- 
tremely short bends. For larger 
bends, a wider band of acrylic is 
heated, either by holding the 
sheet farther from the 
heater or by using a wider heater. 
Sheets over %4-in. thick should 
be heated from both sides to heat 
the entire thickness properly. 


away 


Forming temperatures 

The proper forming temperature 
depends on the type and thickness 
of the material and the forming 
method used. Table I, above, 
shows the suggested sheet tem- 
peratures for various forming 
methods and acrylic formulations. 

Higher temperatures may de- 
crease the tear resistance of the 
sheet and 


impair its physical 


Fig. 2: Approximate al- 
lowable percentage of 
stretch for various thick- 
nesses of acrylic. Range 
of thicknesses is from 
0.060 in. up to 0.375 
inches. 


properties without a_ visible 
change in appearance. Also, over- 
heating softens the surface exces- 
sively and makes it more sus- 
ceptible to fingerprints, glove 
marks, dirt pickup, and mark-off. 
Underheating is equally undesir- 
able since the stiffness of the 
material increases about four 
times for each successive 15° F. 
drop in temperature starting at 
10 to 15° below the recommended 
minimum forming temperature. 
Forming at too low a temperature 
can produce excessive internal 
stress with consequent crazing and 
dimension changes in the formed 
piece. 

Thinner sheets generally must 
be heated hotter than thick sheets 
because the thin material cools off 
more rapidly when removed from 
the oven. Unusually thick sheets 
can be heated above the minimum 
required forming temperature 
and then allowed to cool slightly 
before being formed. In this way, 
the center of the sheet remains 
hot enough to avoid high internal 
stresses, while the surfaces are 
sufficiently cool to minimize mark- 
off from the mold. 

The permissible time interval 
between the removal of a sheet 
from the oven and the forming 
process is 2 to 4 min. for %-in. 
material, but the time lag should 
be kept as short as possible. This 
can be accomplished by placing 
the forming equipment close to 
the oven, and by using efficient 
handling methods and _ suitable 
equipment such as quick-acting 
clamps. 


Forming methods 

Acrylic sheet is formed by three 
basic types ot forming methods: 
mechanical: mechanical with vac- 
uum or positive-pressure assist; 
and free-form using vacuum or 
air pressure. In addition, there are 
a number of variations within 
these three broad classifications. 

1) Drape forming: Drape form- 
ing is designed for producing 
two-dimensional shapes that are 
simply curved or bent around a 
radius without stretching. The 
forming is usually done by laying 
the hot plastic sheet over a male 
mold and clamping it in place 
until it cools. The same technique 
can be employed with female 
molds. A variation of drape form- 
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ing is strip bending, which is 
used to produce one or more 
sharp bends along a line. Chan- 
nels are formed in this manner. 

In drape forming, the edges of 
the sheet should be held onto the 
mold with continuous clamps to 
curling. Best 
tolerances and optical properties 
can be obtained by cooling the 
plastic slowly and uniformly, by 
covering it with a soft blanket or 
flocked rubber sheet. 

2) Plug-and-ring forming: In 
plug-and-ring forming, the hot 
sheet is clamped over a ring and 
is pushed down to the desired e 
depth by a male plug. This method — » ~* 
is most suitable for shallow draws, } 


since the stretching may cause C—eeneene 


Air Cylinder 


, Clamp Ring 
prevent contour ; 2 
Fig. 3: In plug-and-ring 
forming, the hot sheet is 
clamped over a ring and 
is pushed down to the 
desired depth by the 
male plug 
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Plexiglas 


serious thinning of the walls and 
especially the corners of the part. 
With plug- and ring-forming, the 
bottom of the part is thicker than 
the sides because the relatively 
cool surface of the plug tends to 
freeze the plastic in place. Some- 
what better uniformity of thick- 
ness can be obtained by using a 
heated plug to enable the material 
at the bottom of the part to dis- 
tribute itself toward the corners 
during the draw. 

Plug-and-ring forming pro- 
duces mark-off at mold contact 
areas, particularly at the inside 
corners of the formed part. Be- 
cause the mark-off is on the in- 
side, it does not show on deco- 
rated, translucent, or opaque 
parts. As a practical limit, the 
depth of the draw should be no 
greater than half the minimum 
dimension of the ring opening. 

3) Plug-and-ring with vacuum 
assist: With a vacuum assist, 
deeper draws can be achieved 
with plug-and-ring forming with 
less thinning of the walls. The 
sheet is clamped to a vacuum box 
and the material is drawn through 
the ring into the box by vacuum. 
At some point during the draw 
the plug is inserted to form the 
part to final shape. The depth of 
draw produced with the vacuum 
before the plug is inserted con- 
trols the relative thickness of the 
bottom and walls of the part. The 
initial draw by vacuum causes 
greatest thinning at the bottom; 
subsequent thinning of the walls 
when the plug is introduced there- 
fore produces a part of more uni- 
form cross-sectional thickness 


throughout. Owing to the better 
distribution of material, the prac- 
tical maximum ratio of depth of 
draw to part opening is 1:1. 

4) Snap-back forming: Snap- 
back forming is a modification of 
vacuum-assisted _plug-and-ring 
forming. The sheet is drawn into 
the vacuum box and forms a 
“bubble” larger than the contours 
of the male plug. The male form, 
which reproduces the inside con- 
tour of the desired part, is then 
lowered into the bubble cavity. 
The vacuum is gradually released, 
permitting the hot plastic, due to 
its elastic properties, to shrink or 
“snap back” onto the male form. 
By this technique, all the stretch- 
ing is produced by air-pressure 
differentials, rather than by the 
plug. As a result, the parts show 
appreciably less mark-off than is 
obtained with mechanical stretch 
forming, and have good optical 
properties. 

5) Free-blowing and free vac- 
uum forming: Free-blowing and 
free-vacuum-forming are used to 
form three-dimensional shapes 
solely with differential air pres- 
sure (either vacuum or positive) 
and without forms of any type. 
This technique provides the best 
optical properties and eliminates 
mark-off entirely because there 
is no mold to touch the plastic 
surface. 

The heated sheet is clamped 
over a vacuum pot or pressure 
head and is either drawn through 
or blown through a forming ring 
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having the desired opening con- 
tours. This technique is limited 
to forming surface-tension or 
“soap bubble” shapes. That is, 
regardless of the shape of the ring 
opening, the “inflated” form as- 
sumes a_ surface-tension cross- 
section. 

Given a choice of the two 
methods for producing the air- 
pressure differential—vacuum or 
positive pressure—vacuum is 
preferable. Since the maximum 
differential attainable with vac- 
uum is about 14 p.s.i., the forming 
process is easier to control, and 
less susceptible to rapid or un- 
even cooling from stray drafts. 

The advantages of free-blowing 
with air pressure are that greater 
working pressure differentials can 
be used, and the tooling is gen- 
erally simpler and cheaper. Free- 
blowing is most suited to forming 
large, spherical shapes. Because 
of the high pressures required, it 
is generally not a practical method 
for forming thick sheet (over 4- 
in.) or for producing small curva- 
tures. The maximum usable work- 
ing pressures are on the order of 
60 to 90 p.s.i. 

An inherent limitation of free- 
forming or free-blowing is that it 
is impossible to control the dis- 
tribution of plastic as the sheet 
stretches. For a pure spherical 
shape, the material at the top of 
a hemisphere will be thinned out 
to about %4 the thickness of the 
material at the base. 

6) Vacuum or blowing into fe- 
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Fig. 4: Snap-back form- 
ing is a modification of 
vacuum-assisted plug- 
and-ring forming. By 
this technique, all the 
stretching is done by air 
pressure differentials 
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male mold: This method is simi- 
lar in principle to free-vacuum 
and free-blowing, except that the 
vacuum or forces the 
acrylic into a female mold having 
the desired outside configuration 
of the part. This technique is quite 
useful for forming silk screened 
or painted where the 
decoration is on the inside of the 
piece, since it is the outside sur- 
face that contacts the mold. 

For a 


pressure 


surfaces 


the 
maximum draw 
should be no greater than '4 of 
the smaller the 
opening; a circular or oval 
shape, the maximum draw can be 
increased to % the opening. For 
this work vacuum is used only to 
form fairly and 
smooth flowing in thin 
sheet which can be handled with 
moderate pressure differentials. 
Small radii and precise contours, 
such as steps, require the higher 
differentials obtainable with pos- 
itive 


rectangular shape 
recommended 


dimension of 
for 


simple shapes 


curves 


pressure. 


Variations in techniques 

1) Ridge forming: Ridge form- 
ing is a technique of producing 
three-dimensional 


shapes using 
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“ridge” 
members instead of a solid con- 
form the part. 
Each plane surface in the three- 
dimensional shape must be en- 
closed by the skeleton framework. 
Thus, the ridge form for a rec- 
tangular box would consist of a 
framework of struts defining the 
bottom and sides of the piece. 

Ridge can be used 
with plug-and-ring forming or 
with vacuum snap-back forming 
and is applicable to male and fe- 
male molds. The primary advan- 
tage of ridge forming is reduced 
mark-off, since the plastic sheet 
comes in contact only with the 
framework members rather than 
with an entire mold surface. It 
is particularly useful for forming 
corrugated sheet, wherein the 
peaks and valleys of the corru- 
gations are formed by parallel 
rows of ridges offset in the op- 
posing halves of the mold. 

Forms for ridge forming should 
be made with generous radii at 
the (at least twice the 
thickness of the acrylic sheet) 
and with larger radii at the cor- 
ners to reduce the possibility of 
tearing the plastic at those highly 


skeleton framework or 


toured mold to 


forming 


edges 


Fig. 5: Free-blowing is 
used to form shapes 
solely with differential 
air pressure and without 
forms of any type. This 
technique insures good 
optical properties 


stretched points. It is advisable to 
use materials having low thermal 
conductivity, such as_ phenolic 
laminates or wood, to prevent 
chilling the hot plastic too rapidly 
upon contact. If metal ridge molds 
are used they should be kept 
warm. 

The technique of ridge forming 
can be extended to constructing 
male and female forms to pro- 
duce reverse curves, flanges, and 
fluting, with a minimum of dis- 
tortion. This can be accomplished 
either with mechanical stretch 
forming, or with vacuum forming 
alone or in combination with 
positive pressure. 

These variations in shape or 
curvature are obtained by parti- 
tioning off the vacuum box and 
controlling the pressure differen- 
tial in each compartment with 
separate valves. The compart- 
ments are sealed off from each 
other by pressure of the plastic 
against the tops of the partitions. 

2) Male and female forming: 
This process involves the use of 
matched male and female dies to 
form the part and emboss the 
surfaces at the same time. Both 
surfaces of the sheet are in con- 
tinuous contact with the forms 
and will reproduce surface de- 
tail if sufficiently high pressures 
are used. This method can be 
used in conjunction with vacuum 
and pressure. 

3) Blow-back forming: In 
blow-back forming, the plastic 
sheet is clamped between a pres- 
sure box and an oversized clamp- 
ing ring. The male form, shaped 
to the inside contour of the part, 
is then inserted, stretching the 
plastic to the required draw. Be- 
cause the clamping ring is sub- 
stantially larger than the male 
form, the plastic assumes a coni- 
cal around the inserted 
form. Compressed air at 50 to 
100 p.s.i. is then admitted to the 
pressure box against the outside 
surface of the plastic, forcing it 
to be “blown back” against the 
and bottom of the 


shape 


sides male 
form. 

Blow-back forming produces 
less thinning of side walls be- 
cause plastic is pulled from a 
larger blank area. It is best ap- 
plied on cylindrical or conical 
shapes. For best results on cylin- 
drical pieces, the area circum- 
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scribed by the clamping ring 
should be about three times the 
projected area of the part. The 
depth of the draw should be such 
that the surface of the plastic 
(before blow-back) forms a 60° 
angle with the horizontal. On 
rectangular shapes the depth of 
the projection is limited by the 
amount of plastic which can be 
blown back around the corners 
without producing webbing 
(wrinkling). 


Optical properties 

Slow, uniform cooling, and the 
reduction of excessive internal 
stresses by the proper selection 
of the molding method and mold- 
ing conditions, coupled with good 
mold design, are all basic to se- 
curing good optical properties 
when forming acrylic sheet. 
Mark-off can be significantly re- 
duced by the proper preparation 
of the mold surface. 

For best optical quality when 
forming with a male mold, the 
following steps are recommended: 
1) cover the mold with medium- 
density felt, saturated with a 
high-soap content petroleum 
grease; 2) heat mold to 160 to 
175° F. and the surface to over 
200° F. to convert the grease to 
a liquid film. This film minimizes 
mark-off by providing a lubri- 
cating film on which the hot plas- 
tic can slide as it stretches. The 
mold is usually heated by infra- 
red lamps, and the acrylic sheet 
should be heated somewhat hotter 
than is usual for other forming 
methods. 

For female molds, the same 
procedure is used except that the 
mold surface itself is greased with 
a polybutene grease. Generally, 
these precautions are not re- 
quired for ordinary commercial 
parts and are used primarily for 
aircraft applications. They gener- 
ally do not apply to forming pig- 
mented and modified acrylic 
sheets. 

The surface condition of the 
mold obviously plays an impor- 
tant part in the optical quality 
of the finished part. Thus, forms 
made from wood should be con- 
structed from the side grain 
rather than the end grain of the 
wood. Metal forms which are cast 
by standard foundry techniques 
hould be carefully finished be- 
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cause pits, blow-holes and other 
surface defects will be reproduced 
in the acrylic surface. Mold sur- 
faces should be free of waves and 
other contour variations that 
might cause optical distortions. 
Surfaces usually are covered with 
soft cotton flannel, flannelette, 
velvet, or billiard felt. The nap 
of these coverings helps prevent 
mark-off from small dirt particles 
or irregularities in the surface 
of the mold. Three-dimensional 
forms can be covered with suede 
rubber or flocked rubber sheeting 
stretched to the form’s contour. 

For minimum mark-off, the 
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molds should contact the inside 
surface of the plastic wherever 
practicable. Mark-off on the in- 
ternal surface is visible in trans- 
parent material, but does not 
show through to the exterior of 
translucent material. The major 
exception to limiting mold con- 
tact to invisible surfaces is for 
applications where surface pat- 
terning or other surface effects 
are desired. For example, the ex- 
terior surface of lighting pans and 
fixtures can be made nonspecular 
to eliminate room reflections by 
forming the part against a sand- 
blasted metal surface. 





BY H. L. BURPO* 


Jn 1957, sales of vinyl sheeting 
totaled 15 million pounds. Of this, 
some 37%—or 5,500,000 lb.—was 
fabricated by thermoforming.' As 
evidenced by this large consump- 
tion, rigid polyvinyl chloride- 
acetate copolymer sheeting is 
recognized as one of the best 
formable materials. It is also one 
of the oldest. 

Regarded as particularly suit- 
able for preprinting, vinyl sheet- 
ing is used in over one-half of 
the preprinting applications, in- 
cluding formed signs, displays, 
and relief maps. Vinyl’s suitabil- 
ity for such applications is a 
direct result of its uniform flow 
properties which permit undis- 
torted preprinting registry. In the 
manufacture of vacuum formed 
panels for lighting and decorative 
wall coverings, the uniform flow 
characteristics of rigid vinyl 
sheeting, including thin gages, 
permit the forming of striking 
designs. Also capable of being 
corrugated, embossed, and lami- 
nated, rigid vinyl sheeting pro- 
vides designers and architects 
with a wide range of creative de- 
sign possibilities. Signs and dis- 
plays, decorative household items, 
and toys already head up a long 
list of products. 

As for disadvantages, vinyls 
are not recommended where pro- 
* Eastern Zone Mgr., Sheetings Div., Bakelite 
Co., Div., of Union Carbide Corp., 30 E. 
42nd St., New York #7, N. Y 
1 As used in the industry, the term thermo- 
forming applies to a method of forming sheet 
plastics into various shaped objects by heat 
and pressure. In this article, film (1-8 mils) 
is considered, as well as sheeting (over 8 mils) 


because of the importance of cast vinyl film 
in skin packaging. 


longed outdoor exposure is re- 
quired. Also, calendered vinyl 
sheets are obtainable only up to 
40 mils in thickness; planished 
vinyl sheets are available up to 
500 mils (4%-in.). Rubber-modi- 
fied styrene is still preferred over 
vinyl for many end uses because 
of its lower cost and its availa- 
bility in a wider range of un- 
planished thicknesses for specific 
requirements. 


Forming vinyl 


The forming of flexible vinyl 
copolymers is highly critical when 
deep-embossed detail is required. 
The heat cycle must be controlled 
with a one-sec. variation, and 


Relief maps formed of rigid 
vinyl sheeting show intri- 
cate detail and _ perfect 
register that are possible 








Formed vinyl panels promote new concept in lighting. Uniform 
draw enables light to be evenly transmitted through sheets 


molds should be as hot as possi- 
ble. Care should always be taken 
that vacuum holes, with diam- 
eters no greater than 0.012 to 
0.015 in., are used. Also, there 
should be a sufficient number of 
holes. This assures complete re- 
production of the die detail and 
rapid air evacuation. 

Very little successful work has 
been accomplished in draping the 
flexible vinyls over deep, straight- 
wall plugs. The material will not 
hold together on deep-drawing, 
and will develop webbing which 
is practically uncontrollable. 
Rigid vinyl copolymers are easier 
to form, and they are used in a 
much wider range of forming ap- 
plications than are the flexible 
vinyls. They are among the few 
materials which can be success- 
fully drawn over a round plug 
12 in. across and 12 in. deep, with 
a vertical side wall. Close tem- 
perature control of the mold 
—no higher than 120° F.—is im- 
portant for good results when 
forming vinyl sheet. 


Prepinting 


As mentioned before, rigid 
vinyls are used in over half of 
the preprinting applications today. 
However, complete control of all 
forming operations throughout 
production must be maintained 
in order to obtain consistent re- 
sults. Two-sec. variations in heat- 
ing time are sufficient to throw 
the printing completely out of 
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register. Care should be taken 
that the clamping frame be ade- 
quately warmed prior to forming 
so that the heat loss at the edge 
of the sheet from a cool frame 
will not affect the printing. 


Applications 


In the luminous ceiling field, 
there is an increasing trend to- 
ward vacuum formed panels as 
a supplement to the corrugated 
roll types. Thermoformed rigid 
vinyl sheeting promotes a wholly 
new concept in luminous ceilings. 
It has great uniformity of draw, 
thus enabling the formation of 
interesting and intricate designs 
with pleasing interior decorative 
effects. This uniformity means 
that the vinyl panels have excel- 
lent lighting characteristics. 

Relief maps are another im- 
portant forming end use of vinyl 
sheeting. These rigid vinyl maps 
have found widespread use in 
educational circles, in military 
training, and in the business 
world. The good forming char- 
acteristics and dimensional sta- 
bility of rigid vinyl sheeting per- 
mit the intricate detail of the 
mold design to be produced in 
perfect register with the pre- 
printed sheet. Because of rigid 
vinyl  sheeting’s compressive 
strength, excellent tear resistance, 
and good ink retention, formed 
relief maps withstand repeated 
cleaning and constant handling. 

Vinyl sheet forming has en- 


tered the area of food packaging 
in the form of single portion con- 
tainers for jellies, jams, honey, 
sirup, and ketchup. The contain- 
ers consist of small thermoformed 
cups filled with the food product 
and sealed on top with a printed 
viny! film. 

Another new application is the 
use of rigid vinyl sheet formed 
in three-dimensional wall panels 
which impart the decorative ef- 
fect of exposed brick where real 
brick is impractical. 

A new nontoxic sheeting form- 
ulation? is being used for the 
thermoforming of milk bottle 
caps. Vinyl lends itself very read- 
ily to this type of application be- 
cause of its ease of printing, and 
its high dimensional stability. The 
strength characteristics of this 
material enable this new type of 
bottle cap to withstand repeated 
recapping by the consumer with- 
out losing its original shape. 
These caps have received the ap- 
proval of the Federal Drug Ad- 
ministration. 


Vinyl films 


Vinyl films used for thermo- 
forming are the cast films, both 
plasticized and _ unplasticized. 
These films have shown particular 
promise in “skin packaging.” In 
this operation, the thermoformed 
film protects and tightly covers 
a given product while at the 
same time securing the article 
to a cardboard base. 

Plasticized cast film is used 
more frequently in skin packag- 
ing today than rigid cast vinyl 
because of its superior toughness, 
impact strength, and low tem- 
perature qualities. These prop- 
erties can mean substantial sav- 
ings. The extreme toughness of 
plasticized film enables use of 
lower film thicknesses, and its low 
strain content and good dimen- 
sional stability means that thinner 
base boards can be used with no 
undesirable “board curling.” Be- 
cause of the low moisture absorp- 
tion of cast vinyl films, “blushing” 
or “fogging” is completely elimi- 
nated. 

Plasticized vinyls, in general. 
are not as easy to vacuum form 
as are the rigid materials. The) 
form tightly against an article 


* Developed by Bakelite Co., Div. of Unior 
Carbide Corp 
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being packaged as the vacuum 
is applied. However, upon release 
of the vacuum, the film has a 
tendency to recover and “tent.” 
To prevent this “tenting,” and 
thus enable the plasticized film 
to take a definite set around the 
article, adhesives must be applied 
to the backing board. 
Unplasticized cast vinyl film 
has the highest stiffness modulus 
of any material used in skin pack- 
aging and, therefore, offers su- 
perb vacuum forming properties. 
Also, it has the lowest moisture 
vapor transmission, requires the 
lowest cycle time, and is not lim- 
ited by draw depth. Unplasticized 
cast vinyl has definite adhesion 
superiority—adhesion _ efficiency 


being determined by measuring 
the stripping force necessary to 
remove a film from the card. 
Since this film takes a definite set 
around the packaged article, the 
use of an adhesive on the backing 
board is not necessary. Unplasti- 
cized cast vinyl film has had lim- 
ited use in skin packaging, how- 
ever, because it does not have 
good low temperature or impact 
properties. 

Viny] films, both rigid and plas- 
ticized, can be formulated so that 
they will not tarnish metal. With 
plasticized film, however, caution 
should be used, as certain plasti- 
cizers will mar items coated with 
nitrocellulose lacquers or articles 
made of polystyrene. 


THERMOFORMING: Cellulose acetate 





BY FRANK N. CLARK* 


Cellulose acetate sheet remains 
one of the most versatile and rela- 
tively inexpensive thermoplastic 
materials that can be thermo- 
formed into a variety of useful 
items. Available in a wide range 
of transparent, translucent, and 
opaque colors, as well as clear 
transparent, there are over 30 for- 
mulations to choose from. Its 
toughness, excellent optical prop- 
erties, high impact strength, ease 
of forming, and freedom from of- 
fensive odor make it a suitable 
packaging material for food items 
and an excellent choice for dis- 
plays and lighting fixtures’, con- 
tainers, novelties, toys, lamp- 
shades, industrial safety masks, 
machine guards, guide card tabs, 
signs, and a host of other interior 
applications. 


By far, the most extensively 
used thermoforming or fabricating 
procedures today are those em- 


ploying vacuum or compressed 
air. We shall concern ourselves 
here with the vacuum forming 
technique. Sheet temperatures of 
300 to 325° F. are required, and 
it is important that this tempera- 
ture be reached quickly to avoid 
baking out” plasticizer. 
Infra-red, Nichrome wire, strip, 
juartz, coil, Calrod, or Glascol 
heaters capable of maintaining a 
temperature of 900 to 1000° F. 
Group Leader, Extruded Sheet, Tech Serv. 
Applic. Lab., Plastics Div., Celanese Corp. 
America, 290 Ferry St., Newark 5, N. J 


«al laws usually permit use of acetate 
eting for these purposes. 
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10° F. are required. If sheet 
areas are over- or under-heated, 
it is advisable to attach baffles or 
masks to the hotter sections rather 
than to lower the over-all heater 
temperature. These baffles may be 
either solid or perforated, but 
must be of noncombustible ma- 
terials, and are placed beneath 
the heaters to deflect or absorb 
part of the heat energy which is 
transmitted. 

Solid type baffles such as light- 
gage aluminum or sheet metal 
are very effective if one wishes to 


form preprinted sheets and yet 
avoid distortion of any letters or 
printed messages. These are also 
employed if a formed piece is 
rather shallow-drawn and has a 
large unformed surface, since 
there is no need to heat this 
unformed area and the original 
clarity of the piece is better main- 
tained. Perforated baffles, i.e., or- 
dinary insect screening or up to 
l4-in. mesh openings, are especi- 
ally helpful in distributing heat to 
specific areas of a sheet when the 
mold being used to form the ace- 
tate sheet contains many plugs or 
cavities. 

It is generally easy to determine 
when the acetate sheet has 
reached the recommended 300 to 
325° F. forming temperature by 
watching its behavior during the 
heating cycle. The sheet will first 
appear to wrinkle or corrugate, 
then go into a sag, and finally 
“drum up” or “shrink” to a taut 
position. The point at which the 
sheet exhibits signs of shrinking 
or drumming up is the proper 
time to commence the draping ac- 
tion. Full or part vacuum should 
be applied quickly and the heater 
withdrawn. Heavy-gage acetate 
may or may not drum up, de- 
pending upon the area of the 
sheet being formed. The weight 
of large-area sheeting will coun- 
teract part or all of the tendency 
to shrink back and its proper 
forming point is determined when 


Silk-screened formed acetate display is designed to replace conven- 
tional cardboard unit. Piece is vacuum formed three-up, using 
epoxy resin molds. (Photos, Smooth-On Mfg.) 
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the sheet appears to remain 
“static” or when it levels off from 
its initial sag. 

A sheet is underheated if there 
appears to be any localized color 
change on the formed piece; crys- 
tal or colored transparents will 
have bluish white or smoky areas, 
and colored opaque sheets will 
show areas of sharp color varia- 
tion. Overheating is evident if the 
surface is “blistered” and there is 
an exceptional amount of webbing, 
or exceptional flowing of material 
into vacuum holes. 

Heating time depends upon the 
gage of the sheet being formed, 
heater temperature, and the dis- 
tance of the heater from the 
clamped sheet. It is usually 1 
sec./mil of thickness up to 10 
mils, 0.7 sec. for 15 to 20 mils, 
0.6 sec. for 30 to 60 mils, and 0.5 
sec. for 70 to 80 mils. These rates 
should be maintained by increas- 
ing or decreasing heater tempera- 
ture or heater distance from the 
clamped sheet. 


Forming the sheet 

Once the sheet is heated, it is 
important that it be draped 
quickly before its heat is dissi- 
pated into the surrounding air. 
Thin gages, therefore, must be 
draped faster than heavier-gage 
sheeting (0.020 in. and up), and 
where the heater must be with- 
drawn before the drape action can 
commence, the action must be 
very quick, However, there must 
not be “ballooning” or entrap- 
ment of excessive amounts of air 
between the mold and the sheet 
because this is liable to make 
webbing appear along the edges 
of the mold. 

Cellulose acetate requires mold 
temperatures of from 125 to 150° 
F. to prevent premature setting 
or chilling of the formed sheet be- 
fore it can conform to the detail 
of the mold surface. 

Satisfactory forming, especially 
of heavy-gage sheeting, requires 
some cooling of the piece on the 
mold; hence it is best to reduce 
mold temperature build-up by 
circulating cool water through 
tubing incorporated into the core 
of the mold. Cast phenolic, plas- 
ter, and uncooled metal molds, 
although less costly, do not lend 
themselves to high production of 
quality pieces because longer 
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cooling on the mold is required 
and the molds accumulate plasti- 
cizer more rapidly. 


The greatest number of vacuum 
holes should be used in the initial 
mold design, and it is important 
that they be located at the last 
point of contact to avoid air en- 
trapment which usually prevents 
complete forming to the mold 
surface. Holes 0.010 to 0.015 in. in 
diameter are satisfactory and they 
do not mark the stock because the 
hot sheet will not flow into them. 
These holes should be relieved on 
the underside of the mold to about 
34 of their depth and enlarged to 
approximately 0.250 in. in diam- 
eter. Male molds usually require 
holes only near the base of the 
contour, while cavities require 
them at the lowest points. Test 
formings will show if the vacuum 
holes are too large or numerous; 
they can be partially or com- 
pletely plugged by inserting 


toothpicks or by inserting drops 
of solder into them. 

Drape or ring assists are help- 
ful in overcoming thinning out 
and webbing on tall male molds. 
Usually constructed of rods or 
bars, these assists are attached to 
the top of the clamping frame 
above the sheet and are aligned to 
push the draped sheet over the 
plug quickly, thereby avoiding 
uneven wall thickness. They 
should be strong, but as thin as 
possible, because they will act to 
baffle the heaters. 

Assists are also necessary on 
certain female or cavity molds to 
assure even wall thickness. Hence 
they are usually in the shape of 
plugs made of a thermoset, metal, 
or wood. To prevent marking of 
the formed sheet, they should be 
free of sharp corners and should 
be very smooth. The temperature 
of these plugs is also of import- 
ance to prevent sudden “shock 
chilling” when they touch the 
sheet during the draping action. 


THERMOFORMING: Styrene alloys 





BY WILLIAM E. WELCH* 


Jn 1958 an estimated 50 to 60 mil- 
lion lb. of styrene alloy will be 
extruded into sheet for thermo- 
forming. Styrene extrusion mate- 
rials generally are alloys of poly- 
styrene and_ styrene-butadiene 
copolymers. Considerably tougher 
than general-purpose styrenes 
(but less transparent), these al- 
loys are extruded into some of 
the lowest-cost plastics sheets 
available for thermoforming. 
Low cost, however, is not their 
only advantage. Their forming 
characteristics are exceptionally 


* Senior sales engineer, Styrene Technical 
Service, Monsanto Chemical Co., Plastics Div., 
Springfield, Mass. 





TABLE |: Heating cycle for high 
impact styrene alloys* 





Sheet thickness Heating time 


(in.) ~— (see.) 
0.020 8 
0.060 24 
0.100 40 
0.125 60 


* These values are approximate. They are based 
on a one-bank heating unit, set at 1000° F. 
and located 6 in. above the sheet. If there are 
two heating units, or if sheet is preheated, 
values would change accordingly. 





good, they have good rigidity, ex- 
cellent dimensional stability, and 
low specific gravity. 

On the other hand, they do not 
weather well, they are translucent 
but not transparent, and they 
have relatively poor resistance to 
chlorinated hydrocarbons—moth- 
balls, for instance. 

Four types of styrene alloys are 
commonly thermoformed. They 
are conveniently classified as 
medium-impact, high-impact, ex- 
tra-high impact, and high-impact- 
and-heat-resistant formulations. 
Of the four types, the so-called 
high-impact materials are most 
popular in large-volume applica- 
tions. They represent about 70 to 
80% of the total thermoforming 
market for styrene alloys. 


Thermoforming techniques 


Basically, the methed for ther- 
moforming extruded styrene sheet 
is relatively simple. The sheet is 
clamped in place, softened by 
heat, formed around a mold by 
vacuum (or pressure), allowed to 
cool, and removed. 

It is important to work with 
sheet stock of high quality. Spe- 
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cifically, the extruded sheet 
should be of uniform thickness 
and free of internal 
stresses. 

Pinpointing the proper time to 
apply the vacuum is an important, 
but not too difficult, job. After the 
sheet is heated for a short time it 
begins to sag; then it becomes 
taut once more. This recovery in- 
dicates that the sheet is at the 
proper forming temperature (290 
to 320° F.). At this point, the 
vacuum is applied. 

Approximate heating cycles for 
high-impact styrene sheets of var- 
ious thicknesses are listed in Ta- 
ble I, p. 788. Cooling generally re- 
about half the 


relatively 


quires time of 
heating. 

This basic forming technique 
has undergone a number of modi- 
fications in recent years to permit 
the manufacture of more exact 
and ‘or more difficult configura- 
tions. 

Early thermoformers had a 
choice of only two methods. They 
could “straight” vacuum 
forming (with female molds) or 
drape forming (with male molds). 
The point(s) at which greater 
strength was required in the 
molding usually dictated the 
choice. For example, if it was im- 
portant to get more strength at 
the base of the part, a male mold 
was most often used. 

More recently, “plug-assist” 
forming was developed to pro- 
duce a more uniform wall thick- 
ness with a female mold. It has 
reduced thinning out of the sheet 
at the bottom of the mold. Many 
of the large manufacturers of re- 
frigerators adopted this technique 
to form deeper, yet narrow, sec- 
tions in their inner door liners. 


use 


Still more recently, the “air- 
slip” method of thermoforming 
was introduced. This system calls 
for a prestretching of the heated 
sheet prior to the forming opera- 
tion by blowing. It does for the 
male mold what plug-assist does 
for the female mold: it makes 
possible a more uniform wall 
thickness. 

The newest technique is the 
“air-cushion” method of thermo- 
forming. It is similar to the plug- 
assist method but the heated sheet 
is stretched by streams of air 
forced up through the female 
mold. Subsequently, air is forced 





TABLE Il: Variance in draw limitations 





Mold 


Female 
Male 

Female 
Female 


Type of forming 


Vacuum forming 
Drape forming 
Plug assist 

Air cushion 


Maximum depth ratio* 


1:2 

1:1 (but 7° taper required on mold) 
1:1 (but 2° taper is possible) 

1:1.25 (but 2° taper is possible) 


* Depth ratio is ratio of draw to smaller dimension of horizontal cross-section. 





out the plug as it pushes the hot 
sheet into the mold but prevents 
the sheet from touching the much 
cooler plug which would, in ef- 
fect, chill the section. 

Table II, above, compares the 
various thermoforming methods. 


Mold design 

A particularly critical design 
consideration is the shape of the 
bottom section in a deep draw. 
Where vertical and_ horizontal 
walls meet, radii should be large 
(perhaps 4 in. or more) for best 
results. 

In upper areas of the mold, this 
is equally true. Best results here 
are obtained when sharp corners 
are avoided. It is suggested that 
96° angles be rounded off to mini- 
mum radii of about “6 in. and 
that 160 to 180° angles have mini- 
mum radii of somewhere around 
V4 inch. 

Sometimes it is desirable to give 
the molded part extra built-in 
rigidity. Two techniques for ac- 
complishing this are now popular. 

On some of the newer molds, 


metal rods or strips are molded 
into the part. A second method 
for improving rigidity calls for the 
designing of vertical ribs or flutes 
into large, flat areas of the mold. 
Finishing 

Originally the extruded sheets 
for thermoforming had a charac- 
teristic dull finish. The lack of 
gloss tended to make parts unat- 
tractive from the marketing view- 
point. 

To improve this surface finish a 
method was devised whereby the 
hot sheets passed over highly 
polished, relatively cool rolls. 

Better gloss and smoother finish 
were obtained by a_ second 
method: laminating a thin (0.002- 
in.) biaxially oriented styrene 
film to their surfaces. (This film 
can be preprinted to give the fin- 
ished sheet a suitable design or 
decorative pattern.) 

A third method has been de- 
veloped more recently. The sty- 
rene sheet is passed under a series 
of heaters in order to “melt” the 
top surface of the sheet before it 


Three-dimensional playing surfaces for a wide range of children’s 
games is developing into a lucrative market for formed styrene 
alloy sheeting. (Photo, Campco Div., Chicago Molded Products) 
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enters the roll nips. The result is 
a hard, glazed surface with good 
gloss. 


Applications 


Door liners for refrigerators 
and food freezers are easily the 
biggest use for sheet extruded 
from styrene alloys. Some of the 
more interesting new applications 
for the extruded sheet in other 
areas are 

Disposable coffee cups: Still in 
a development stage, vacuum 
formed cups can be produced at a 
cost said to be competitive with 
both injection molded cups and 
paper cups. 


Disposable ice cream dishes: 
Throw-away dishes for ice cream, 
sundaes, and banana splits are 
gaining in popularity. 

Displays and signs: These prod- 
ucts are generally profile ex- 
truded, then decorated (often by 
silk screening), and assembled. 
Strictly for indoor use, such dis- 
plays usually are made more ef- 
fective by backlighting with fluo- 
rescent tubes. 

Lighting panels: Some panels 
are being produced by thermo- 
forming from medium impact or 
high-impact styrene sheets. Sizes 
range from 1 foot square up to 2 
or 3 feet square. 


THERMOFORMING: Polyethylene 





BY A. G. ROWE* 


The process for thermoforming 
thermoplastic sheet by mechani- 
cal and/or vacuum drawing has 
enjoyed rapid growth over the 
past five years. With this growth 
there has been increasing interest 
on the part of processors and end- 
users in the process for making 
products from polyethylene. In- 
terest in polyethylene is based on 
the unique combination of prop- 
erties offered by this material, 
i.e., extreme toughness over a 
wide range of temperatures, com- 
plete freedom from toxicity, and 
excellent chemical 
attack. 

Despite this interest, new prod- 
ucts and packages formed from 
polyethylene sheet have been 
slow in making their appearance 
on the market. A careful analysis 
of the reasons for this discloses 
no flaw in the belief that poly- 
ethylene, because of its end-use 
properties, has an excellent future 
in the sheet forming field. The 


resistance to 


* Sales Service Laboratory, Polychemicals Dept., 


E. I. du Pont de 
ton, Del 
Excerpted from 
ethylene sheet 
August 1958) 


Nemours & Co., Wilming- 
Choosing and forming poly- 
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apparent slow growth in poly- 
ethylene forming can be ex- 
plained in terms of the need for 
development effort in three areas. 

First, a considerable degree of 
selectivity is required in picking 
end-uses where the unique prop- 
erties of polyethylene are of most 
value. This selection having been 
made, an entirely new concept of 
product design is often involved 
and this means that a carefully 
planned and executed program of 
prototype testing is necessary. 
Such programs involve time. 
Thus, sound end-uses conceived 
today may not appear on the mar- 
ket for a year or more. End-use 
development work is frequently 
a cooperative effort on the part 
of end-user, processor, and resin 
supplier. 

Second, processing characteris- 
tics of polyethylene are, to some 
extent, different from those of 
other forming resins in both the 
sheet extrusion and the forming 
operation. To cite a simple exam- 
ple, vacuum ports in a mold de- 
signed for polyethylene will be 
much smaller than in a mold for 





TABLE |: Minimum heating for various sheet thickness 





Sheet thickness 
in. 


0.020 
0.060 
0.100 


Heating time 


sec. 


18 
36 
48 


Heating time per 
unit thickness 


sec./mil 
0.9 


0.6 
05 





polystyrene. Differences in heat- 
ing and cooling are noted later. 

Finally, the success of end-use 
and process development efforts 
will usually be dependent on use 
of a resin with the proper char- 
acteristics. Resins tailor-made for 
sheet extrusion and forming have 
been commercially available for 
only a year. The need for tailor- 
made resins is underlined by the 
frequently unsatisfactory results 
of the earliest attempts at poly- 
ethylene thermoforming where 
resins designed for other uses 
were employed. 


Processing characteristics 


Heating: The need for extra 
heating is frequently cited as a 
difference between polyethylene 
and other forming resins. It is 
true that, with many heater 
banks, more heating time is re- 
quired for polyethylene, largely 
because of its higher specific 
heat. However, with proper 
heater bank design, polyethylene 
sheet can be heated at satisfac- 
torily high rates. 

Factors which determine the 
time required to heat polyethyl- 
ene sheet to forming temperature 
are as follows: heater density; 
heater rod temperature; sheet- 
to-heater-rod spacing; radiant 
energy absorption characteristics 
of the material; sheet thickness; 
and final sheet temperature re- 
quired for forming. 

Heating time is greatly affected 
by “heater density”’—a conven- 
ient term for describing the ratio 
of electrical power input to the 
heater blank (kilowatts) to total 
area of the heater bank (square 
feet). The benefit of high heater 
density is illustrated by the two 
curves shown in Fig. 1, p. 791. 
Data points for these curves were 
obtained as follows: A hole, %4« 
in. in diameter and 1% in. deep 
was drilled into the edge of a 
0.120-in.-thick sheet of polyethyl- 
ene resin. A thermocouple was 
inserted into the drilled hole, the 
sheet was placed in the clamp 
frame of a forming unit, and the 
frame was rolled into the heating 
oven which was equipped with 
radiant heater banks above and 
below the sheet. Sheet tempera- 
ture was read at 10-sec. intervals 
until it reached approximately 
350° F. This is above the highest 
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temperature normally used in 
forming. This procedure was re- 
peated five times with sheet 
heated from both sides, then five 
times with sheet heated by the 
upper heater bank only. For each 
curve in Fig. 1, points for all 
five runs are plotted to show 
the extent of variation in data. 
Curve “A” is the plot of sheet 
temperature versus heating time 
with radiant heater banks above 
and below the sheet. These banks 
provided a heater density of 3.6 
kw./sq. foot. Curve “B” is the plot 
for identical sheets heated with 
the upper heater bank only. In 
this case, heater density was re- 
duced 50% to 1.8 kw./sq. foot. 
With the upper heater bank alone, 
160 sec. of heating or about 1.3 
sec. per mil of thickness were 
required to reach 250°F., the 
lower end of the forming tem- 
perature range. Doubling heater 
density by use of both heater 
banks reduced time for heating to 
the same temperature to 70 sec., 
or about 0.6 sec. per mil of 
thickness. This is near the highest 
heating rate which can be used 
for some of the other forming 
resins without danger of causing 
surface bubbles or blushing. 
Polyethylene showed no _ tend- 
ency to bubble or blush at the 
3.6-kw./sq. ft. heater density. 
Limited experience with a 5.8- 
kw./sq. ft. heater bank indicates 
a heating time of 25 sec. for 0.080- 
in. sheet, or, about 4% sec. per 
mil of thickness. Again, no ad- 
verse effect from the rapid heat- 
ing was noted. In short, the prac- 
tical solution to the problem 
of rapidly heating polyethylene 
sheet involves a moderate invest- 
ment in a high-density heater 
bank. 

Operation at maximum heater- 
rod temperature to obtain fast 
heating is both effective and 
economically sound. It is true 
that as heater temperature in- 
creases, a greater proportion of 
the energy emitted is in the short 
wavelengths which the sheet will 
not readily absorb. This means 
the electrical energy supplied to 
the heater bank is utilized less 
efficiently at maximum tempera- 
ture than at a lower temperature. 
However, the total energy emitted 
is proportional to the fourth 
power of absolute temperature. 
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Fig. 1: Sheet temperature versus heating time. Curve A—heater 
banks above and below sheet; Curve B—heaters above sheet only 


As heater temperature increases, 
there is a big increase in energy 
emission at all wavelengths. The 
resultant gain in sheet heating 
rate outweighs by far the penalty 
in reduced heater efficiency. 

The optimum sheet-to-heater- 
rod spacing is the minimum dis- 
tance that can be used without 
producing a rod pattern on the 
heated sheet. Spacing is not crit- 
ical except where the sheet being 
heated is nearly as large as the 
heater bank. In such a case, 
spacing should be close enough 
so that no part of the sheet can 
“see” a cold surface. 

While total heating time re- 
quired is increased as_ sheet 
thickness increases, the increase 
in heating time is not directly 
proportional to the change in 
thickness. To illustrate, display 
racks were made from 20-, 60-, 
and 100-mil sheets of the same 
polyethylene resin. For each 
sheet thickness the forming unit 
was operated on a semi-automatic 
cycle and the heat timer setting 
was reduced stepwise until the 
sheet tore repeatedly on being 
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draped over the mold. The time 
was then increased in 1-sec. steps 
until the sheet would consistently 
form without tearing. Table I, 
p. 790, lists this minimum heating 
time for each sheet thickness. 

For thicker sheet, the heating 
time per unit of thickness is 
lower than that for thin sheet. 
This is largely due to the fact 
that the surface-to-volume ratio 
is lower and the heat lost to 
convection currents across the 
sheet surface represents a smaller 
percentage of the heat being put 
into the sheet. 


Sheet temperature 


The final sheet temperature re- 
quired for forming a given sheet 
is influenced by a number of 
factors. Forming temperature in- 
creases with an increase in depth 
of draw, with a decrease in melt 
index of the resin, where fine 
detail in the mold is to be re- 
produced accurately, or when the 
mold is operated at a low tem- 
perature. Resin density is an im- 
portant factor. For the display 
rack, sheet of 0.914 density could 
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be formed at 225° F. while 250 
F. was required to form sheet of 
0.930 density. 

It should be noted that the 
above comments on heating apply 
to resin of natural color. Heating 
rates for pigmented sheet are 
likely to be higher, the size of 
the difference being dependent 
on the amount and type of pig- 
mentation. 

Cooling: With respect to cool- 
ing sheet after forming, there are 
three minor differences between 
polyethylene and other forming 
resins. First, polyethylene con- 
ducts heat faster than other form- 
ing resins. Thus, heat from poly- 
ethylene sheet is transferred to 
the mold more rapidly and the 
ellect is to reduce the time re- 
quired for cooling. Second, poly- 
ethylene has a higher specific 
heat than do other forming res- 
ins; thus more heat must be put 
into the sheet to soften it and 
more heat must be removed after 
forming. The effect is to increase 
time required for both heating 
and cooling. Third, the stiffness 
of polyethylene is low at high 
temperatures. In some, but not 
all, cases it may be necessary to 


cool polyethylene to a relatively 
low temperature before stripping 


from the mold. This 
more cooling time. 
Provision for control of mold 
temperature is an effective and 
simple solution to the problem 
of cooling formed sheet rapidly. 
Control of mold temperature also 
eliminates the opposite extremes 
of chill marks on the sheet caused 
by contact with a cold mold or 
having the sheet stick to an 
overheated mold. The following 
data for a display rack, drape- 
formed over a mold equipped 
with a temperature control coil, 
show typical cooling times for 
Alathon 31: with the mold at 
120° F., the 20-mil-thick shape 
was cooled in 7 seconds. Raising 
mold temperature to 190° F. in- 
creased cooling time to 8 seconds. 
In each case, the display rack 
was cooled only enough so that 
it was not distorted on being 
stripped off the mold. With the 
mold temperature below 120° F., 
chill marks were seen on the 
sheet while 190° F. is near the 


‘Alathon is the registered trademark for 
Du Pont’s polyethylene resins. 


requires 
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upper limit for rapid cooling of 
the polyethylene sheet. 

The unique combination of 
end-use properties and process- 
ing characteristics which can be 
designed into polyethylene resin 


promise an excellent future for 
this resin in thermoformed prod- 
ucts. Progress is dependent on 
development work in the areas 
of end-use testing, processing 
techniques, and resin properties. 
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BY GEORGE S. LAAFF* and SAM G. GRILLO** 


The ABS (acrylonitrile-buta- 
diene-styrene) sheet can be ther- 
moformed by many available 
methods including vacuum, ring 
and plug, drape, vacuum snap 
back, air slip, etc. The foremost 
requirement in the forming of 
thermoplastics is a uniform tem- 
perature throughout the sheet. A 
sheet temperature in the range 
of 275 to 325° F. is required to 
soften ABS material prior to 
shaping. Several methods of heat- 
ing can be used: 

1) Steam or electrically heated 
platens. The length of time is de- 
pendent on the thickness of the 
sheet and the distance away from 
the molding operation. 

The following table can be used 
as a guide for establishing proper 
heating procedures when heated 
platens are used: 

Gage Platen temp. Time 

in. "" ' min. 
0.016-0.032 310-320 Va-% 
0.047-0.062 310-320 1%-2% 
0.062-0.093 320-330 2-3 
0.093-0.125 320-330 3-5 
0.125-0.250 320-330 5-12 

2) Air circulating ovens. Uni- 
formity and low temperature gra- 
dients make this a good heating 
method for sheet stocks. The oven 
temperature should not be much 
higher than the desired forming 
temperature. No set rule as to 
time of exposure can be given 
since it will depend on the size 
of the oven and the amount and 
velocity of air available. The oven 
can be equipped with perforated 
or grilled shelves. To assure uni- 
form heating the blanks should 
be rotated. 

3) Infra-red radiant heaters. 
This type heater is rapidly becom- 
ing the most popular. It makes 
use of the relatively long infra-red 
wave length which is not too sen- 
sitive to color. Fast cycles are ob- 
tained using this method. Caution 
*Mer. Research and Development Dept., 
and **Group leader, Thermoplastics sheets, 
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must be exercised with infra-red 
units as overheating can result 
unless proper controls are used. 

During the heat cycle, ABS- 
blend sheets will shrink as much 
as 10% in the direction of take- 
off during extrusion. There will 
be a slight expansion in the op- 
posite dimension and a slight in- 
crease in thickness. 

Regardless of the type or source 
of heat, is is extremely important 
that the stock temperature is 
maintained within the prescribed 
range (275 to 325°F). Overheated 
stock will blister or burn. Hot 
spots will result in excessive thin- 
ning or tearing. Cold stock will 
not produce the desired detail. 
ABS-blend sheets conduct heat 
slowly (as do most plastics). 
Thus, shortening heating times 
by increasing heater temperature 
can result in excess scrap due to 
surface blisters and discoloration. 
It may sometimes be desired to 
have greater thickness in certain 
areas of a molded part. This can 
be done by either masking the 
section of sheet or by directing a 
cold air jet on the area to retard 
temperature rise. 

“Plastic memory” is inherent in 
formed ABS-blend sheets. When 
a formed part is reheated to 200° 
F. or above it has a tendency to 
return to its original state. This 
is advantageous in reworking, as 
a sheet can be reformed if not 
formed correctly the first time. 

Forming machines are usually 
equipped with the controls neces- 
sary for automatic cycling. Re- 
tractable radiant heaters are used. 
To determine the proper heating 
cycle and insure uniform temper- 
ature throughout the sheet, it 
may be necessary to use a sam- 
ple sheet with temperature- 
sensitive devices (thermocouples, 
“Tempilaq”, etc.) placed at sev- 
eral points on (in) the sheet. The 
heating time, distance of the 
heater above the sheet, and heat 
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temperature are varied until the 
required forming conditions are 
reached. Once these settings are 
established, they are maintained 
for forming sheets of the same 
thickness throughout the produc- 
tion run. 

Molds used in forming of ABS- 
blend sheets are relatively inex- 
pensive. They can be made from 
a variety of materials ranging 
from plaster to steel. For large 
production runs, molds are usu- 
ually steel or cast aluminum. 
These materials are more expen- 
sive than plaster, wood, or plas- 
tics, but trimming devices and 
mold temperature controls can 
be added which will shorten the 
over-all cycle. The temperature 
can be controlled by circulating 
water through the mold. For best 
results, the mold temperature 
should be about 150 to 160° F. 

Vacuum-forming molds should 
be drilled with '42 in. holes. The 
distribution of these holes is de- 
termined by the design of the part 
and the detail required. 

Mold shrinkage is 
about 5 mils/inch. 

In designing a mold, radii 
should be kept as large as the de- 
sign of article will permit, and 
should never be less than the 
original sheet thickness. Right 
angles should be avoided and 
usually 3 to 5° of draft should 
be allowed. Wherever possible, 
curves or ribs should be included 
in the part design to give it 
greater rigidity. 

Because of the inherent tough- 
ness of formed ABS-blend sheets, 
cutting or triming does not pre- 
sent many problems. Woodwork- 
ing tools, such as band saws, cir- 
cular saws, drill presses, sanders, 
etc., can be used. It can be 
punched or blanked on clicker 
dies or on shears without pre- 
heating. 

These materials are available in 
various thicknesses, grains, and 
opaque colors. Their compatibil- 
ity with other resins and modi- 
fiers also allows a range in hard- 
ness from leatherlike softness to 
Rockwell “R” values of 100 or 


more. 


normally 


Ordinarily, outdoor usage is not 
recommended because the sheets 
discolor, chalk, and craze. The 
physical properties remain sub- 
stantially unimpaired. 
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Blow Molding 


BY G. S. BROWN* 


S..... blown plastics bottles 
were first accepted commercially 
about ten years ago, their usage 
has enjoyed a steady and contin- 
ued growth. The vast majority of 
these bottles were blown from 
polyethylene, though some were 
made of nylon, butyrate, etc. 

It has been conservatively esti- 
mated that 408 million containers 
were blow molded in 1957, using 
an estimated 15 million lb. of 
polyethylene and amounting to 
4% of the total market presently 
supplied by glass and plastics 
bottles. 


Raw material 


Raw material is the single most 
important consideration in manu- 
facturing blown bottles and also 
governs what can and cannot be 
packaged. The over-all require- 
ments for a satisfactory package 
are listed below: 

1) It must not dissolve or react 
with the contents. 

2) It must not swell or lose ri- 
gidity and shape. 

3) It must have sufficient me- 
chanical strength (known as 
stress-corrosion resistance) to 
prevent cracking from plug pres- 
sures, cap pressure, or other 
forces. 

4) It must not impart taste or 
odor to the contents. 

5) It must have adequate flow 
characteristics to make possible 
the manufacture of a good ap- 
pearing package. 

6) It must not deteriorate with 
age under all normal conditions 
of use. 

7) The annual loss of the con- 
tents by permeation through the 
bottle walls should not exceed 3% 
of the net content. 

Generally speaking, any ther- 
moplastic showing easy biaxial 
orientation at the temperature of 
blowing and having stretchabil- 
ity over a wide range can be blow 
molded. It is also important that 


* Mer. of research, Plax Corp., P.O. Box 1019, 
Hartford, Conn 


the viscosity remains relatively 
unchanged over a limited tem- 
perature variation for processing 
on a practical basis. 


Types of plastics used 


Cellulose acetate and cellulose 
acetate butyrate were among the 
early materials used for blow 
molding and are used as contain- 
ers for products such as lubricat- 
ing oil. 

Vinyls, both rigid and plasti- 
cized, can be blow molded and 
are suitable for oil-base products; 
they have seen little commercial 
use so far. 

Nylon formulations are now 
available with the required vis- 
cosity at extrusion temperatures 
for blow molding and are satis- 
factory for containing hydrocar- 
bon-type products. One of the 
most promising end-uses pre- 
dicted for nylon containers is in 
the large potential market of aer- 
osols. A new plastic, Delrin! acetal 
resin, can also be blow molded 
and will be a contender for this 
market when it becomes com- 
mercially available. 

Other materials being blow 
molded experimentally or com- 
mercially are trifluorochloroethy- 
lene, polypropylene, polycarbon- 
ates, and high-impact styrenes. 

High-density polyethylene has 
opened up a large potential mar- 
ket for blow molded lightweight 
containers which should find ap- 
plication in the “carrier” market. 
This material also shows promise 
for aerosol containers. 


Methods of manufacture 


The machinery and processes 
used for blowing bottles are pri- 
marily custom built by the bottle 
manufacturers, and the release of 
information concerning the ma- 
chines is closely controlled. There 
are a number of different proc- 
esses used for manufacturing 
blown containers, One major pro- 


a ign of E. I. du Pont de Nemours & 
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ducer advises that they have 
seven types of machines in com- 
mercial production. 

However, blow molding ma- 
chines can be divided into three 
basic groups depending largely 
upon the type of container for 
which they were designed. 

In the first group are those ma- 
chines in which plastic granules 
are heated and compounded by 
conventional means to a state 
suitable for extrusion. The com- 
pound is then extruded in the 
form of a hollow tube and two 
mold halves, cored to the shape 
and dimensions of the required 
bottle, are closed around the tube. 
In closing, the end of the tube 
forming the bottom of the bottle 
is pinched and the tube is inflated 
by air introduced into the open 
end. It expands against the cored 
surface of the mold cavities and 
chills into that shape. After cool- 
ing, the cavities are opened and 
the bottle removed from the ma- 
chine. (See Fig. 1, below.) Sec- 


Fig. 1: Plastic tubing is ex- 
truded, the bottom pinched, 
and air introduced into the 
tube to form the bottle 


ondary operations are required to 
remove trim from the bottle neck 
and bottom portions of the bottle. 

There are a number of varia- 


tions and refinements to this 
method of blowing bottles. The 
tubular plastic can be extruded 
continuously or intermittently 
from a singular extrusion orifice 
and the molds indexed into proper 
position before closing around the 
tube. The tubing is blown by in- 
troducing air through a center 
opening in the extrusion orifice to 
form the bottle and severed from 
the extrusion head. The molds are 
indexed, advancing the blown 
bottle to a second station for cool- 
ing, while another set moves into 
position around the plastic tube to 
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form the following bottles. This 
process can continue using as 
many molds as are found most 
economical for production. 

In a second variation, the tu- 
bular plastic is extruded contin- 
uously from a single extrusion 
orifice and molds are positioned 
around the tubing and closed 
while moving continuously away 
from the orifice. The closed molds 
are replaced by a following set of 
open molds. The tubing is pinched 
at both ends of the closed molds 
and inflated through a “needle” 
that punctures the tube at a point 
that is later trimmed off. The 
number of molds used in this type 
of operation has a minimum limit 
but can be increased to provide 
most economical manufacture. 

A third variation provides a 
manifold as an integral part of 
the extrusion head containing a 
number of extrusion orifices. 
Plastic tubing of the proper length 
is extruded from the first orifice 
and a pair of blow molds closed 
around the tubing. As a valve 
controlling the flow of plastic to 
the first orifice is turned off, a 
valve to a second is opened. This 
sequence continues for a number 
of extrusion orifices and blow 
mold stations of the machine and 
the cycle then repeats. Air is in- 
troduced into the tubing through 
a central hole in each extrusion 
orifice and after the bottles have 
been blown and properly cooled, 
they are removed for the second- 
ary trimming operation. 

The second basic method of 
blowing plastic containers is to 
make a preform by _ injection 
molding, then reheat the preform 
and blow it to its final shape. 

In one version of this method, 
the resin is molded around a hol- 
low core approximately the 
length of the finished container. 
The molded preform has the ap- 
pearance of a laboratory test tube 
with the closure threads formed 
on the open end (Fig. 2, p. 795). 
This preform is then either re- 
heated and blown into a container 
as a second operation, at a later 
time, or is transferred immedi- 
ately to a blow station and blown 
by admitting air through an ori- 
fice in the hollow plunger. The 
bottle is removed as a completed 
product and usually requires no 
trimming. 


An alternate method of manu- 
facture provides for premolding 
those portions of the container 
which can be formed without 
blowing and then extruding a hot 
tube integral with the molded 
section of a length slightly longer 
than the desired container. Blow 
molds are then closed around the 
tube, pinching the open end 
which forms the bottom of the 
bottle and blowing the tube into 
the cavities of the molds. After 
cooling, the containers are re- 
moved and finished as a second 
operation. 

The third basic method of 
forming bottles consists of first 
making sections by vacuum or 
pressure forming from sheet, and 
then heat-sealing the sections to- 
gether into a finished product. 

In a variation of this process 
two sheets of plastic are extruded 
parallel to each other. Cavities 
similar to the vacuum forming 
molds, but equipped with heat 
sealing lips around their edges, 
close onto the extruded sheets 
from opposite sides. Air pressure 
applied between the sheets forces 
them into the cavities. As the 
blowing and cooling operation 
takes place, the sheets are heat- 
sealed together. The container is 
then removed from the mold and 
the trim removed from around 
the container. 


Container design 


While many designs of con- 
tainers can be blow molded by 
each of the three basic methods 
described above, the machine ul- 
timately chosen for a particular 
product is determined predomi- 
nantly by the requirements of the 
container. 

A cylindrical bottle lends itself 
most readily to blow molding. As 
the preformed plastic tube is 
blown, it thins in proportion to 
the distance it is moved. This re- 
sults in a wall varying slightly in 
thickness from the top of the con- 
tainer to the bottom, but uniform 
around its circumference. 

However, cylindrical shapes 
were not found satisfactory from 
an aesthetic viewpoint for many 
products, such as cosmetics, and 
much work has been done toward 
the blowing of other shapes. This 
work has turned out quite well 
and bottles are presently being 
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blown having a_ thickness-to- 
width ratio of up to 3:1 by the 
blown-tube method of manufac- 
ture. 

One of the deficiencies of the 
method of blowing bottles where- 
by an open-ended tube is ex- 
truded and blown is that the 
thickness of the tubing cannot be 
varied lengthwise beyond a lim- 
ited practical point. 

Thin-wall containers now being 
developed sometimes suffer be- 
cause sufficient stock may not be 
provided in the neck to allow for 
reaming (for dispensing plugs, if 
required), or the thickness may 
be reduced to a point where the 
neck becomes weak. Similarly, if 
a large-mouth container or jar is 
blown to allow sufficient stock in 
the neck for rigidity, the remain- 
der of the container has heavier 
wall sections than necessary, re- 
sulting in the excessive use of 
raw material. In such cases, the 
neck of the container can be pre- 
molded prior to blowing the body. 

Other containers, such as the 
baby dish shown in Fig. 3, below, 
have width-to-thickness ratios 
substantially above 3:1. They are 
produced by the flat-sheet meth- 
od to reduce wall-thickness var- 
iations to a minimum. This meth- 
od of manufacture is also used 
to make containers having off- 
center necks or openings; the re- 
frigerator bottle also shown in 
Fig. 3 is an example. The location 
of the neck or opening is not re- 
stricted in the flat-sheet method 
of manufacture. 


Mold design 

After a container has been de- 
signed, a hob drawing is required 
as a pattern in the machining or 
casting of the blow molds. If the 
cavities in the molds are to be 
machined, the hob is dimensioned 
to the required size. If the cavi- 
ties are to be cast, a shrink fac- 
tor must be applied to the hob 
dimensions. 

Economies of manufacture and 
uniformity of cavities have lead to 
the acceptance of cast molds in 
the blow molding industry on an 
almost universal basis. 

The large majority of blown 
bottles are decorated by either 
screen printing, hot stamping, or 
offset printing. Irregular shapes 
are screen printed or hot stamped, 
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and the uniformity of the print- 
ing surface is critical from cavity 
to cavity to avoid excess scrap in 
this operation. As all cavities are 
cast from a common hob, this 
problem is reduced to a minimum 
when using cast molds. 

Other corrective factors are ap- 
plied to the hob dimensions at the 
time it is designed. 

The plastic tubing is blown into 
the cavities at an elevated tem- 
perature and cooled to room tem- 
perature. A shrinkage takes place 
as it cools and must be provided 
for to enable the blown container 
to have the proper capacity. Bot- 
tles decorated by screen or offset 
printing are dried at elevated 
temperatures. Since this drying 
causes a further shrinkage, a sec- 
ond corrective factor is applied to 
account for it. 

A third correction is applied 
to irregularly shaped containers 
having flat panels that sink in- 
ward as the bottle cools. 

All the above corrective factors 
are critical if close control of the 
container capacity is to be 
achieved. 


Spray tubes and plugs 


Also to be considered in the 
design of a _ successful blow 
molded package is the spray plug 
and the proper selection of spray 
tubing. Spray plugs are designed 
with an interbore sized for insert- 
ing the spray tubing, the other 
end of which extends down into 


Fig. 2: A tube is injection 
molded around a_ hollow 
core, transferred to a second 
station and blown into the 
finished bottle (right) 


the liquid level of the container. 
One or more keyways are molded 
into the bore to provide an air 
passage along the side of the tub- 
ing into an atomizing chamber 
immediately above the tubing 
outlet. Squeezing of the bottle 
forces air up the keyway and fluid 
up through the spray tubing into 
the atomizing chamber from 
which it continues out through 
an orifice in the form of a spray. 
A large selection of plugs 
and spray tubing diameters are 
available. Standard commercially 
available closures complete the 
fitment of the package. The inside 
diameter of the tubing is deter- 
mined by the viscosity of the ma- 
terial being dispensed and the 
type of spray desired. 


Fig. 3: Two flat sheets are extruded parallel to each other; molds 
then close on the sheets, shaping and sealing them together 
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By MAX HILRICH* and FRANK L. BOGART** 


t lastics tooling can be said to 


have really come of age within 
the short span of the last few 
years. World War II gave the 
first big boost to interest in plas- 
tics tools, since the shortage of 
metals traditionally used in tool- 
ing posed a problem for manu- 
facturers of military aircraft. 
Effective applications of plastics 
for tooling began to emerge in the 
’40’s with the development of 
special fabrication techniques, and 
from the early ’50’s on, progress 
was quickly accelerated by the 
introduction of new and improved 
resins for tooling, accompanied 
by better know-how. 
Estimates by trade and govern- 


industry 


ment sources cite a 180° increase 
in consumption of plastics for 
tooling between 1954 and 1956, 
and the rate has probably been 
even greater in the two years 
since then. Much of the growth 
has occurred as industry has re- 
© Research Director The Marblette Corp 
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alized that plastics tooling could 
often mean materials savings, and 
even important, savings 
in time, manpower, and equip- 


more 


ment investment. 

The aircraft industry, which 
first turned to plastics tooling out 
of necessity, has continued to in- 
crease its reliance on plastics. This 
is largely because plastics help 
solve a special problem of this 
industry—the disproportionate 
cost of time-consuming and ex- 
pensive fabrication of machined 
tools for making comparatively 
limited numbers of any single 
model of aircraft. 

Closely in step with the avia- 
tion industry in utilizing plastics 
tooling have been other metal- 
forming and _plastics-forming 
fields where rapid and frequent 
styling changes are a competitive 
must—notably manufacture of 
automobiles and appliances. In 
both prototype and 
schedules, 


production 


plastics tools have 
adherence to 


deadlines because of their fabri- 


helped maintain 


As many as 20,000 steel panels can be made on an interim produc- 
tion run from draw dies with epoxy laminate faces 





cation speed and the ease with 
which they can be modified with 
minimum downtime. They facili- 
tate making necessary changes in 
design because they lend them- 
selves to contour and detail re- 
visions by means of refacing and 
other simple methods. 

With plastics tools, pilot runs 
can be started quickly and in- 
expensively in these and in other 
industries where large invest- 
ments in metal tooling could not 
be risked on untried products. 


Materials 


New materials and additional 
and better forms of existing ma- 
terials have contributed to the 
growth of plastics tooling. 

Phenolics were the first group 
of resins used for plastics tooling, 
followed by the polyester resins, 
and finally by the epoxy resins. 
By 1956, according to the U. S. 
Commerce Department, epoxies 
made up 60% of the plastics used 
for tooling; their share of the 
market has probably grown con- 
siderably since then. 

While the low cost and handling 
ease of phenolics contribute to 
keeping them in demand for some 
applications, they have given way 
to epoxies in many instances be- 
cause the latter are better able to 
meet requirements for durability, 
strength, and abrasion resistance. 
Another advantage of most epoxy 
compounds over phenolics is their 
ability to be polymerized at room 
temperature, avoiding the need 
for a heat cure. 

Polyester resins have been used 
in combination with fibrous glass 
and _ other 
laminate tools. Epoxy resins have 
almost totally replaced them in 
these applications mainly because 
of the epoxies’ low shrinkage, 
superior bonding and _ wetting 
abilities, and exceptional stability. 

In general terms, epoxy resins 
are usually the most suitable for 
relatively critical applications. 
The final selection of resin is dic- 
tated by specific end-require- 
ments of an application, taking 
into account such considerations 
as length of run, degree of dimen- 
sional accuracy needed, and stress 
to which the tools will be exposed. 
When more than one resin can 
serve the purpose, relative cost 
becomes the deciding factor. 


reinforcements for 
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Weight and cost can be reduced 
by making tools with tough epoxy 
surfaces and cores of phenolic 
foam or phenolic casting resin. 
Fillers are frequently added to 
tooling resins to boost special 
properties such as resilience or 
abrasion resistance, or used as 
extenders for further lowering of 
materials costs. 


Advantages and limitations 


The cost advantages of plastics 
tools over metal tools are most 
evident when complicated con- 
tours are involved, since highly 
complex tools are extremely dif- 
ficult to machine. 

Savings in materials’ costs 
gained by using plastics instead 
of other materials have been 
greatly publicized, perhaps to a 
stronger degree than the facts 
warrant. Such savings do occur, 
but, in general, the most signi- 
ficant economies in using plastics 
tools are derived from faster and 
simpler fabrication. Lead time, 
for example, can be considerably 
reduced by the fact that plastics 
tools can often be produced in 
days compared with weeks for 


comparable metal tools. Equip- 


ment requirements are much 
smaller for plastics tools, and they 
are usually ready to be put to 
work immediately, with little or 
no barbering and finishing. Plas- 
tics tools are easily modified by 
refacing or recasting, with min- 
imum disruption to production 
programs. This creates additional 
economies when it is necessary to 
make duplicate tools or 
tool designs. 


revise 


Maximum convenience at min- 
imum cost is gained when plastics 
tools and dies are used for rela- 
tively short runs, for prototype 
production, and for experimental 
work to develop and test proper 
die design. In this sense, plastics 
tooling can be an adjunct to, 
rather than a replacement for, 
conventional metal tooling. Plas- 
tics dies can be used, for example, 
for production-testing or market- 
testing of a new item. When re- 
sults have been determined, the 
plastics dies can be supplanted 
by metal dies capable of absorb- 
ing higher costs over a long run. 

On the other hand, the lengths 
f runs to which plastic tools will 
tand up without reservicing have 
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been increased by the introduc- 
tion of special-property resins 
formulated to withstand impact, 
abrasion, and wear. Other limit- 
ing factors, such as insufficient 
heat resistance and conductivity, 
have been lessened by the avail- 
ability of resins compounded with 
greater ability to meet high- 
temperature requirements in 
many modern-day applications. 

Cases exist in which many 
thousands of metal panels have 
been successfully drawn on plas- 
tics dies based on special heavy- 
duty resins cast around fillers 
and inserts. There are even rugged 
resins in use today which can 
produce tools that stand up to 
the abuse of foundry blowers and 
slingers. 

Because they are lighter in 
weight than metal tools, plastics 
tools are more easily handled, 
sometimes permitting manual 
handling to replace mechanical 
handling. Their corrosion resis- 
tance also reduces or eliminates 
storage problems. 


Basic fabrication methods 

Casting, laminating, and splin- 
ing are the basic techniques, used 
singly or in combination, for pro- 
ducing plastics tools. As exper- 
ience expands, more and more 
variations of method emerge. A 
relatively new method is mass- 
casting of an epoxy alloy rein- 
forced with metal fibers, under 
pressure and heat. This method 
has shown greatest promise for 
large tools with low exotherm, 
high strength and rigidity, and 
high heat resistance and thermal 
shock resistance. 

Regardless of what special 
means may have been taken to 
give them special properties in 


Plastic foam is suspended 
in mold cavity and epoxy 
is poured around it to make 
the face of a metal-forming 
tool, providing 
and practicality 


economy 


formulation, tooling resins are 
generally liquids supplied in con- 
tainers which have long shelf life 
when stored unopened. Soon after 
opening, the resin is blended with 
a suitable hardener, either man- 
ually or in a standard mechanical 
mixer. 

In casting, the hardener-resin 
mix is poured directly against a 
model or a mold made from a 
model after the model or mold has 
been coated with a parting agent 
or agents. 

In laminating, the usual first 
step is to apply a gel coat to the 
prepared form to provide special 
suchas 


surface _ properties, 


smoothness, abrasion resistance, 
and so on. This coating is allowed 
to stand until it becomes tacky. 
Then, a lay-up is made on the 
form by brushing an impregnat- 


Large fixtures easily produced from epoxy resins are widely used 
in such major industries as automotive and aircraft 








After casting and curing, a vacuum forming die is easily removed 
from the plaster mold whose detail it has accurately captured 
and is now ready to be set up in the forming machine 


ing resin onto successive layers of 
fibrous glass cloth or other rein- 
forcing fabrics, until the required 
thickness is reached. 

Superior new paste-like trowel- 
ling and splining resins, which 
will not run off vertical surfaces, 
are applied outside male forms 
as well as inside female forms. 

The curing time depends on the 
particular resin and catalyst used. 
It may be as brief as a few hours. 
After setting occurs, the tool is 
removed from the form. 

The higher materials cost that 
is usually involved in casting is 
compensated by the lesser time 
and labor required. Laminate 
tools are usually lighter in weight, 
more accurate, and superior in 
tensile and flexural strengths as 
compared to cast tools. Advan- 
tages of both methods are often 
combined by making tools with 
a laminate surface and a cast core. 

Selection of tooling methods and 
need for modifying standard tool 
fabrication methods are deter- 
mined by the end-uses to which 
the tool is to be put. Among 
technique variations now in use 
are bonding phenolic foam cores 
to epoxy surfaces, backing plas- 
tics facings with metals, employ- 
ing composites of metals and 
plastics, and setting metal inserts 
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in place when a die is cast or 
installing inserts later by potting 
or by using screws. 


Prefabrication steps 


A wood master may be used as 
a mold, or a laminate or a plaster 
splash taken from it. Sometimes a 
metal part is employed as a mold. 
Almost any material with the de- 
sired shape can be utilized, in- 
cluding flexible materials such as 
vinyl plastisol. 

No matter what type of mold 
is used, the mold must be cleaned 
thoroughly, and its walls should 
be thick enough for rigidity and 
strength. Other rules for mold 
preparation vary according to the 
nature of the material. 

Porous molds require drying 
and sealing. Several coats of a 
sealant are often applied until a 
glossy finish is obtaine?. “.jicht 
sanding with 400 grit paper be- 
tween each application of sealant 
is often done. Any weaves or 
wave-like patterns on the mold 
surface must be smoothed down, 
blemishes sanded off, and hollows 
filled in. 

This careful preparation is es- 
sential because casting resins 
accurately reproduce the surface 
of the mold against which they 
are cast. If uncorrected, imperfec- 


tions in the mold surface will 
show up as imperfections on the 


plastics tool. 

Sealing porous surfaces is fol- 
lowed by high-luster wax buffing 
and application of a parting film. 
Nonporous and smooth plastics 
molds need only be waxed and a 
parting film applied. 

These steps make it easy to 
separate the cured casting from 
its mold, and eliminate any ex- 
tensive finishing of the tool after 
curing. 


Metal-forming tools and dies 

Among the more popular plas- 
tics tools for forming metal sheets 
of varying thicknesses are stretch 
dies, prototype and _ production 
draw dies, drop hammer dies, 
hand hammer forms, hydrostatic 
dies, hydroforming and _ rubber 
pad forming dies, and dies for 
flanging, trimming, restrike, and 
secondary operations. 

Stretch dies often have working 
face areas of well over 100 sq. 
feet. They are used in conven- 
tional stretch presses, where a 
metal sheet is gripped by clamps 
and pulled over the die by mech- 
anical or hydraulic power. Plas- 
tics stretch dies are particularly 
advantageous because they can be 
fabricated with a glasslike surface 
which eliminates die marks on the 
formed metal parts. They are 
used widely for making aircraft 
components, com- 
ponents, and prototype automo- 
tive panels. 

Laminate shells, 
for added strength, are sometimes 
utilized for stretch dies. A more 
common technique is to cast the 
die by pouring a liquid resin into 
female mold and curing it to the 
required rigidity. To reduce the 
die’s cost and weight, a foamed 
In this 
event, the core of foamed phenolic 
or other resin is cured first, then 
suspended in the mold cavity. The 
casting poured 
around it. An alternate technique 
consists of securing sections of 
foamed resin to a metal or Rich- 
lite backing, suspending this in 
the cavity, and pouring the cast- 
ing resin through holes in the 
plate. Successful 
have been made with other ma- 


refrigerator 


cross-ribbed 


core may be employed. 


resin is next 


experiments 


terials for low-cost cores. One 
such material is a mixture of 1 
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part of resin to 3 to 4 parts of 
sranite chips to make a core with 
a high ratio of strength to mater- 
ials cost. Such cores have been 
used for very large tools to form 
heavy-duty aluminum. 

Draw dies made from plastics 
offer savings in initial cost, lead 
time, and maintenance. They are 
sometimes constructed with cast 
cores and laminate surfaces. 

The primary use of plastics 
draw dies has been for develop- 
mental work and the drawing of 
prototype parts. However, they 
have also been used to draw 
fairly large numbers of panels 
from thin-gage steel and alu- 
minum. They have been adapted 
to short runs of heavy cold-rolled 
steel. Developmental draw dies 
pressure-cast from epoxy-metal 
alloys have been employed for 
deep draws of heavy metals and 
for large compound-contour parts 
of up to %-in.-thick stainless 
steel. Runs of up to 50,000 panels 
have been cited for epoxy-alloy 
contoured punches and pads used 
with metal inserts, draw rings, 


and blank holders. 


Hammer dies 
Drop hammer dies are fre- 
quently made by combining plas- 
tics with other materials. A filled 
resin may be cast inside a lami- 
nate for the bottom half of the 
die. This part of the die is then 
placed in a frame to serve as the 
mold for casting a resilient epoxy 
face on the corresponding punch, 
which will have a lead or Kirk- 
site core. Since a parting agent is 
used, the two halves of the drop 
hammer are easily separated. 

Other variations in drop ham- 
mer die design include plastics 
punches with metal bottom dies, 
punches with laminate faces over 
cast bodies, and punches with steel 
weldments for added strength. 

Hand hammer forms may be 
cast solid or made by pouring a 
casting resin over a foam core in 
a retaining frame. These tools are 
particularly useful in automotive 
design programs, where special 
tools may be needed to produce a 
tew metal parts. 

Precision-cast inserts of brass 
ind zinc alloy can be used in hand 
1ammer forms to provide for ex- 
eptionally sharp contours. These 
nserts may be set in the mold 
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prior to casting and locked in 
place by slots or bolt heads pro- 
truding into the plastic. They can 
also be set in place during a later 
phase of the operation by chip- 
ping out a section of the form and 
casting the inserts in place with 
the plastic. 

Both casting and laminating 
resins are used to produce tools 
for forming metals into special 
and unusual shapes, including 
rubber press hydroforming and 
hydrostatic dies. 


Fixtures, jigs, and gages 

Large quantities of plastics 
tooling materials in current use 
go into the construction of fix- 
tures and gages. 

Fixtures to check contour 
flanges and hole locations of parts 
can be constructed from plastics 
accurately as well as inexpen- 
sively, since they are cast directly 
from the master model or its 
duplicate. 

Low-cost, yet durable, light- 
weight fixtures and gages to dupli- 
cate complicated shapes are made 
by hand lay-up of epoxy resins 
and fibrous glass cloth directly 
onto master models. 

Plastics holding forms can be 
made by suspending an actual 
part in a frame, and waxing it and 
coating it prior to pouring a cast- 
ing resin around it. After curing, 
the part is detached from the cast- 
ing by sawing the cast plastic in 


Welding fixtures of metal- 
filled epoxy are made by 
casting or laminating the 
resin against an actual part 


two. Each half of the casting re- 
tains the contours of the piece 
being duplicated. 

Similarly, by casting or lami- 
nating against a part, 
holding fixtures for secondary 
operations can be made, as can 
other fixtures for trim, drill, rout- 
ing, assembly, plating, welding, 
and other production and assem- 
bly functions. 


plastics 


Duplicates and models 
Laminated plastics duplicate 
models and Keller models are 
used to a particularly great ex- 
tent in the automotive industry. 
They provide a fast and inexpen- 
sive way of producing duplica- 
tions of actual or projected auto- 
motive parts, for automobile man- 
ufacturers to send to their acces- 
sory suppliers and 
plants for reference. 


assembly 


The usual procedure is to apply 
gel coats and laminating resins 
over a wooden die model. A 
framework of tubing or sheet 
stock is then bonded on, to serve 
as a base. This female form acts 
as a spotting rack on which a 
laminate skin is built. The frame- 
work, base, and locating pads 
serve to duplicate the contours of 
the master model. 

Study parts used to plan de- 
sign, tooling, and assembly opera- 
tions are made from both casting 
and laminating plastics. 


Foundry applications 

Plastics, particularly the epoxy 
resins, are becoming of extreme 
importance in foundry and pat- 
ternmaking work. Among reasons 
cited for plastics’ acceptance in 
this field are their ability to lend 
themselves to simple duplicating 
techniques with existing equip- 
ment, the smooth and pit-free 
surface they give to patterns for 
improved sand release, and time 
savings brought about by reduc- 
ing the costly clean-up and fin- 
ishing, as well as the elaborate 
machining used on metal patterns. 

Many types of plastics materials 
are used in foundry practice, in- 
cluding fiilled and unfilled casting 
resins, laminating resins, and 
troweling resins. Formulations are 
available which have outworn 
aluminum patterns under slinger 
operation. 


Plastic resins are also being 
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widely adopted as a coating for 
wooden patterns and in foundry 
repair work for patching worn 
spots in metal core boxes. Carv- 
able epoxy resins are being suc- 
cessfully used for making wood 
patterns without graining prob- 
lems, and with superior dimen- 
sional stability and other prop- 
erties. Splining compounds are 
being utilized for quick and easy 
repair of wood models. 
Particular savings are gained 
with plastics materials when there 
is a need for multiple patterns, or 
for many duplicates of core boxes, 
core prints, or match plates. Lami- 
nating resins are frequently used 
with abrasion-resistant gel coats 
for constructing large and rela- 
tively complicated patterns to 
save weight. Plastics developed 
with special properties such as 
strength and heat resistance are 
used for fabricating core driers 
employed in dielectric baking. 


Plastic-forming torls 

Plastics tools are being used 
increasingly in the fabrication of 
plastics parts and products. 

One major outlet for plastics 
tools is in thermoforming and re- 
lated processes for shaping ther- 
moplastic films and sheets by ap- 
plying heat and pressure. Plastics 
dies for vacuum and drape form- 
ing can be fabricated faster than 
machined metal dies. Their di- 
mensional stability permits them 
to be used interchangeably on 
the press platen for multiple 
forming. They faithfully repro- 
duce intricate detail, and even 
lend themselves to processes 
where close register is required 
to coincide with patterns on pre- 
printed sheets. Mass production 
is facilitated by the plastic dies’ 
ability to be revised or repaired 
simply and rapidly. 

Cast and laminated epoxy pro- 
duction molds are being used to 
form large and small reinforced 
plastic parts by vacuum-bag 
other techniques. 
reinforced 
turned out on _ plastics 
molds have been one-piece bath- 
tubs and huge sections of pre- 


molding and 
Among the 
items 


plastics 


fabricated home swimming pools. 


Plastics matched dies are used 
for low-pressure molding of plas- 
tics components. Plastics pattern 
duplicates have helped speed up 
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mass production of products made 
by latex-dipping. Plastics tools 
have also been used for forming 
foamed plastics parts such as au- 
tomobile cushioning and crash 
pads. 

In the aircraft manufacturing 
field, casting and laminating res- 
ins are used for plastics-forming 
applications requiring exceptional 
accuracy and close tolerances. 

Plastics tools are used to shape 
precut acrylic sheets into such 
aviation parts as windows, cano- 
pies, astrodomes, and landing 
light covers. These include tools 
made of casting plastics and tools 
fabricated from laminating plas- 
tics reinforced with fibers or other 
materials. In a typical application, 
a preheated sheet is draped man- 
ually over the forming tool. An 
overhead clamp holds the sheet 
while a vacuum circuit in the tool 
pulls down the sheet and keeps it 
in place against the tool until it 
has cooled and hardened into the 
desired shape. 

Heated acrylic sheets are also 
formed on cast phenolic and 
epoxy dies by the application of 
pressure, without the use of a 
vacuum. These dies have been 
utilized to produce large plastics 
signs and displays which fre- 
quently have irregular contours. 


Current trends 

Epoxy resins are continuing to 
receive the major share of atten- 
tion as the materials which will 
bring about further significant ad- 
vances in plastics tooling applica- 
tions. Research is continuing. 

Particular interest is focusing 
on resins with high heat resist- 
ance. With the introduction of 
new tooling compounds that have 
a heat resistance of approximately 
600° F. (A.S.T.M. 510° F.), form- 
ing of hot metals is becoming 
more feasible. 

Production molds of plastics 
with improved heat transfer ca- 
pabilities are expected to create 
further inroads in the plastics- 
forming field, especially in injec- 
tion molding. 

Conductivity approximately 14 
that of steel is claimed for new 
epoxy alloys utilizing metal and 
glass fibers. Other properties of 
these alloys such as_ higher 
strengths, and greater ability to 
withstand surface wear, coupled 


with the new techniques of using 
heat and pressure for mass cast- 
ing of the materials, promise to 
widen the potentials of plastics 
tools and dies for production tool- 
ing. 

Headway in fabrication of plas- 
tics shell mold patterns is one of 
the reasons for expecting plastics 
to grow in importance in the 
foundry field. 

Rubber-like resins which have 
high-impact resistance and do not 
harden with age are opening up 
new types of applications, while 
insuring improvements in such 
existing ones as plastics drop 
hammer forms. 

Relatively new among synthetic 
foams are new epoxy compounds 
in the form of foam-in-place res- 
ins, prefoam resins, and foam 
beads, among whose uses are su- 
perior cores for some types of 
plastics tools. 


Future potential 


Even during the downturn in 
the nation’s business in 1957 and 
1958, it was evident that plastic 
tooling showed notable advances. 
For one thing, there was an in- 
creasing use of plastics tools and 
dies in those industries where 
there had already been some ex- 
perience with the _ technique, 
while greater use of plastics tool- 
ing also appeared in those indus- 
tries where the technique was 
relatively new. 

Thanks to plastics tooling, in- 
dustry, particularly automotive 
and aircraft, has found that it is 
now feasible to engineer many 
new projects that might other- 
wise have remained on the draw- 
ing boards because of the time 
and expense involved in develop- 
ing them by conventional tooling 
methods. 

Untapped potentialities in this 
field are still inviting. 
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BY JOHN O. BEATTIE* 


The casting of plastics materials 
differs from other molding tech- 
niques in that the starting mate- 
rial is a liquid monomer which 
solidifies by polymerizing within 
a mold to the finished shape. Cast- 
ing sheets is usually done at mod- 
erate temperatures. 

There are many different mon- 
omers which can thus be cast 
into sheets. The best known of 
these is methyl methacrylate, the 
polymer of which has been sold 
as cast sheet. Sheets produced by 
casting have superior optical 
properties', since their surfaces 
reproduce exactly the polished 
surfaces of the glass molds 
in which they are cast. Other 
properties—tensile and impact 
strength, surface hardness, and 
thermal and electrical coefficients 
—compare favorably with molded 
sheets. 


Methy! methacrylate 


Casting-grade methyl metha- 
crylate monomer is a water-white 
liquid which has the following 
physical properties: 
Specific 

gravity @ 28° Cc. 


Viscosity @ 25° C. 
Refractive 


index n 25 
D 


0.940 
0.56 cp. 


= 1.4118 
Boiling 
Point @ 760 mm. = 100-101° C. 


* President, Polycast Corp., 69 Southfield Ave., 
‘Stamford, Conn 

References were prepared by the editors. 

The term “optical properties” is a catch-all 
which includes such properties as transmittance 
f visible and ultra-violet light, haze, angular 
leviation, and minor defects. If the sheet is to 
» accepted for aircraft applications it must 
eet the rigorous requirements of MIL-P- 
5425A. A \%-in. sheet, for example, must have 

> transmission of visible light but must not 
transmit more than 5% of incident UV in the 

/0- to 30-ma range. Its haze value must be 

ss than 3% and it cannot average more than 
ne minor defect for each 4 sq. ft. A minor 

elect is a small bubble, a scratch, or an im- 
edded particle. It must not deflect light more 
han 7 min. of angle from a perfect straight- 
ne path. A 7-min. deflection would cause an 
ject 1 mile distant to appear 10 ft. out of 
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The chemical formula of methyl 
methacrylate is 


CH; O 


CH:=C — C —OCH; 
and since the molecule contains 
only one active group, methyl 
methacrylate polymerizes in lin- 
ear chains to yield thermoplastic 
sheets. 

Of all the materials that can be 
cast into sheets, methyl metha- 
crylate has the most interesting 
properties. Cast methyl metha- 
crylate sheets have good tensile 
and impact strengths and excel- 
lent weathering properties. They 
can be readily machined, and on 
more or less conventional equip- 
ment. The material can be formed 
to almost any simple or compound 
curvature, and its high optical 
clarity, luster, and sparkle make 
this a premium material. 

As received from the manufac- 
turer, methyl methacrylate mono- 
mer contains 20 to 60 p.p.m. of 
hydroquinone inhibitor. In order 
to obtain maximum clarity, it is 
necessary to remove the inhibitor 
contained in the monomer to less 
than one part per million. This 
cannot be accomplished by ordi- 
nary distillation, since the hy- 
droquinone itself is somewhat 
volatile. A carefully designed 
fractionating column is required. 

Uninhibited methyl methacry- 
late monomer can be stored for 
some time if it is refrigerated at 
around 4° C., but it is best not to 
accumulate large quantities once 
the inhibitor is removed. 


Casting molds 


In preparing a casting mold, 
two sheets of glass are carefully 
cleaned to remove all dirt and 


lint which could create flaws in 
the finished cast piece. This glass 
can be selected plate glass, free 
of scratches and other surface 
imperfections, or tempered glass 
(Herculite, Tuf-flex). Tempered 
glass has the advantage of great 
strength and resistance to ther- 
mal shock, though it is by no 
means as unbreakable as might 
be supposed before one has actu- 
ally handled it. 

The tempering of glass plates 
is covered by a considerable num- 
ber of patents, and all plate glass 
which is tempered in this coun- 
try is done so under license?. Fur- 
naces can be obtained to temper 
plates of glass, but problems of 
yield, flatness, and high initial 
cost have to be considered care- 
fully. It is also entirely possible 
that homemade tempering of glass 
plates can be less effective in pro- 
ducing ultimate hardness than 
that obtained from commercial 
manufacturers. 

The two plates of glass, care- 
fully cleaned and 
placed face to face and spaced 
the required distance apart by 
means of a “gasket” which can be 
an extruded elastomeric material 
such as plasticized PVC, or a 
solid material such as aluminum 
or steel covered with paper and 
cellophane tape. Since, however, 
all monomers undergo consider- 
abe shrinkage as they polymer- 
ize, use of a solid gasket material 
requires that the gasket be re- 
moved during cure to permit the 
glass plates to come together and 
allow for the shrinkage. 

The mold, or cell, composed of 
the two plates of glass separated 
by the gasket, is then clamped 
together, with one corner of the 
mold normally left open for the 
introduction of the resin mono- 
mer. The clamped mold is then 
laid in an inclined position for 
filling. 


dried, are 


Pouring the resin 


The mold is loaded by pouring 
the resin through a specially de- 
signed funnel into the corner 
opening. Since the plates of a 
glass mold of any size are quite 
flexible, it is necessary to intro- 
duce exactly the correct weight 
of resin to get a finished sheet of 
uniform thickness. Filling the 
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Fig. 1: Typical curing reaction exotherm curves for methyl meth- 
acrylate. This particular sample was a 2-in.-dia. cylinder cast 
in a glass jar immersed in water at 50 C. “Outside” temperature 
was measured by thermocouple placed at the resin-glass interface 


mold to the top would cause the 
glass to bow out under the hydro- 
static pressure of the liquid, and 
would yield a sheet considerably 
thicker at the center than at the 
edges. 

The mold having been charged, 
the opening in the gasket is closed 
and the mold lowered to the hori- 
zontal position. The operator taps 
the mold to spread the charge 
and the mold is transferred to a 
rack and placed in an oven where 
the resin is cured. The curing 
temperature, of course, depends 
on what resins and catalysts are 
being used, but in general it is 
between 45 and 70°C. In many 
cases, a single fixed curing tem- 
perature is not satisfactory; if it 
is necessary to change the tem- 
perature during the cycle, a 
suitable time-temperature control 
must be installed on the curing 
oven. 


Curing time 

The time required to produce a 
full cure in the mold depends not 
only on the temperature, but also 
on the catalyst being used, and 
on the sheet thickness. Acrylic 
casting resins evolve heat very 
suddenly during the polymeriza- 
tion; it is just as much the func- 
tion of the oven to remove this 
heat as it is for it to provide the 
temperature required to start the 
reaction. It is a good general 
rule in designing casting ovens 
to have as high an internal air 
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velocity as possible. If the air 
velocity is not high enough to re- 
move the heat of reaction, the 
temperature of the casting will 
rise. It can easily rise high enough 
to destroy the sheets being cured; 
in extreme cases, when the ther- 
mal shock is of sufficient magni- 
tude, the glass molds may actually 
shatter. 

A possible method of absorbing 
exothermic heat, at least in the 
case of methyl methacrylate, is to 
mix powdered polymer with 
monomer to produce the casting 
sirup.” The exothermic heat given 
off by the monomer is almost 
counterbalanced by the heat of 
the solution of polymer as it dis- 
solves in the monomer. It is 
claimed that thick methyl metha- 
crylate castings can be produced 
in this manner and that very little 
exothermic heat is given off. 

For most materials up to % in. 
in thickness, curing time can be 
held to approximately 16 hours. 
But thicker materials may require 
more than 16 hr. curing time, 
since it takes much longer to re- 
move the exothermic heat from a 
thick piece than from a thin one. 
In the case of 1-in. and thicker 
slabs, the curing time may be as 
much as a week. 

After curing is complete, the 
molds are withdrawn from the 
oven and cooled, the clips and 
the gasket are removed, and the 
glass plates are separated from 
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the now-solid plastic sheet. The 
plastic surfaces, faithful repro- 
ductions of the polished glass 
surfaces of the mold, are optically 
clear and ready for use without 
further processing. Usually, the 
plastic sheets are masked prior 
to shipment. Masking consists of 
applying paper coated with pres- 
sure-sensitive adhesive to both 
sides of the plastic sheet. A sheet 
so protected can be fabricated 
without risk of marring the mir- 
ror-smooth surfaces. 

After the plastic sheets are re- 
moved from the molds, the glass 
plates go back to the cleaning and 
assembly operations previously 
described, and the cycle is re- 
peated. The plates of glass can be 
used hundreds of times if they are 
properly cared for, and the mold 
cost per cast sheet is very low. 


Shrinkage in the mold 


As already mentioned, any 
mold in which resin monomers 
are to be polymerized must be 
designed to allow for the shrink- 
age which occurs during the 
cure of the resin. Polymerization 
shrinkages of acrylic resins range 
from 15 to 21% and the shrinkage 
must be taken up by allowing the 
two glass plates to come closer 
together during the curing proc- 
ess. If they cannot come together, 
the sheet will separate from the 
plates and will be spoiled. 

The material naturally seeks to 
shrink equally in all directions. 
In the early stages this is possi- 
ble because the sirup has a rela- 
tively low viscosity and flows 
readily under the stresses set up 
by volume changes. Later, how- 
ever, the viscosity becomes very 
high and at the same time the 
sheet adheres to the mold plates. 
Movement in the planes parallel 
to the plates is severely restricted, 
so all cast sheets end up with 
cured-in stresses. These stresses 
can be alleviated, or at least 
greatly reduced, by annealing the 
cast sheet after it is out of the 
mold. Methyl methacrylate sheets, 
for example, are normally an- 
nealed by reheating to about 150 
C. and then cooling slowly. Dur- 
ing this procedure the sheets 
shrink about 2% and the cured-in 
stresses are almost completely re- 
lieved. 

The annealing or shrinking of 
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methyl methacrylate sheets is 
quite an art, since even slight 
variation in conditions will pro- 
duce out-of-flatness or incom- 
plete annealing. Localized optical 
flaws appear in shrinking which 
are invisible as the sheets come 
out of the mold. The would-be 
manufacturer of cast methyl 
methacrylate sheet would do well 
to examine this part of the proc- 
ess most carefully. 


Prepolymerization 

Another way of reducing the 
bad effects of shrinkage in the 
mold is to reduce shrinkage. To 
this end, most thermoplastic resins 
are prepolymerized to a “casting 
sirup.” The use of such a sirup not 
only lessens the polymerization 
shrinkage in the mold (because 
some polymerization shrinkage 
has already taken place outside 
of the mold), but also offers three 
other advantages: 1) the curing 
time is reduced; 2) less exo- 
thermic heat is evolved during 
the cure; and 3) the sirup is less 
likely to leak from the mold. 

When handling methyl metha- 
crylate monomer, for example, 
the uninhibited monomer (which 
is a clear, colorless liquid of about 
the same viscosity as water) is 
heated in the presence of a cata- 
lyst, whereupon it begins to poly- 
merize, gradually becoming more 
and more viscous until it reaches 
the same consistency as molasses 
(in June, not January!). 

One technique for performing 
this operation is to heat the ma- 
terial in batches of about 150 Ib. 
in steam-jacketed kettles. A small 
amount of azo catalyst is added 
to the mix, which is then heated 
to the required temperature for 
the required length of time. Dur- 
ing this period, the material is 
mechanically agitated. 

Suitable catalysts for this pur- 
pose include benzoyl peroxide, 
t-butyl perbenzoate, lauroyl per- 
oxide, isopropyl percarbonate, and 
other similar types of catalysts. 
A proprietary catalyst, azoiso- 
butyronitrile,* has been suggested 
for this purpose. 

Thickening of methyl metha- 

rylate monomer to a sirup re- 
juires careful control, particu- 
larly during the cooling phase. 


efer U. S. Patent 2,471.95 May 31, 1949, 
t to Du Pont 
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With inadequate cooling facilities, 
the contents of the kettle may 
heat up beyond their boiling 
point, causing the vapors of 
methyl methacrylate to boil out 
of the kettle, and creating a very 
serious fire hazard. 

Since methyl methacrylate 
monomer and casting sirup have 
a specific gravity less than 1, a 
fire of this type cannot be ex- 
tinguished with water. A mixing 
room of this type should contain 
other means of extinguishing such 
fires as they occur. All fixtures in 
such a mixing room should also 
be explosionproof. 


Rate of exotherm 

Figure 1, p. 802, shows graphs 
of temperature vs. time dur- 
ing cure of a cylindrical methyl 
methacrylate casting 2 in. in 
diameter. For the first part of the 
cycle, virtually no heat is given 
off. At a crucial stage, the viscous 
liquid suddenly becomes an un- 
dercured solid, and at this point 
practically all of the heat of poly- 
merization is liberated. An ordi- 
nary curing oven, which would be 
satisfactory for the other ma- 
terials, cannot remove fast enough 
the big slug of heat which is 
evolved with almost explosive 
rapidity. If the sheet is a little 
too thick for the oven to handle 
or the catalyst concentration is a 
little too high, the sudden burst 
of heat begins to boil the mono- 
mer and large bubbles form be- 


tween the glass plates. The in- 
ternal pressure mounts fast and 
the costly glass molds are likely 
to shatter under the effect of the 
thermal shock. 

Special care must be taken to 
remove this heat. Since the 
amount of heat given off is pro- 
portional to the amount of ma- 
terial in the oven, it is the large 
batches of material and _ the 
thicker sheets that are the most 
difficult to keep under control. 
Unfortunately, loss of control is 
most costly when control is 
hardest to maintain—when the 
oven is running near its capacity 
both in molds and in resin. In 
curing methyl methacrylate, 
therefore, air velocities and air 
turnover in the oven must be as 
high as possible in order that the 
heat that is given off at the criti- 
cal point of the curing cycle may 
be quickly removed. As an extra 
safeguard, the oven should have 
an external vent so that cold air 
can be brought in as needed. 

Since water is a much better 
heat-transfer medium than air, 
an extra degree of control is 
gained by curing thicker sheets, 
e.g., 4% in. or over, in a water bath. 
It is only necessary to keep the 
molds in the water bath until the 
resin has safely passed the criti- 
cal point. After this, the cure may 
be completed in air. 

Methyl methacrylate can be 
copolymerized with a number of 
other monomers. It copolymerizes 


Fig. 2: Temperature-time curves for methyl methacrylates with 
10% methacrylic anhydride. Temperature rose much higher than 
with pure methacrylate (see Fig. 1, p. 802), although same condi- 
tions obtained. Rate of rise at surge is twice as fast 
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readily with most of the available 
acrylate and methacrylate esters, 
as well as with styrene and vinyl 
acetate. Copolymerization with 
cross-linking materials such as 
CR-39, diallyl diglycolate, diallyl 
maleate, etc., yields  infusible 
polymers and properties inter- 
mediate between those of the cast 
pure resins. Some of these co- 
polymers are valuable commer- 
cially because of their increased 
solvent and craze_ resistance, 
though this is obtained at the 
expense of formability. In some 
cases, such as the copolymeriza- 
tion of methyl methacrylate with 
methacrylic anhydride, the prob- 
lem of exothermic heat is greatly 
aggravated, so that the difficulty 
of safely casting some of these 
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materials becomes very great. 
The temperature-time graph for 
the curing of a 2-in. cylinder of 
this copolymer is shown in Fig. 
2, p. 803. Note how much higher 
the peak is than in Fig. 1, 
p. 802, for methyl methacrylate 
alone (225° F. rise in center ver- 
sus 165° F.). Peak slope in Fig. 
2 is steeper—rate of heat-up is 
about 1.5 times as fast. 
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BY W. J. KAUFMAN®* and DAVID P. 


Over the past several years, the 
use of plastisols as molding com- 
pounds has become increasingly 
widespread. The reason: plasti- 
sols, because of their liquid to 
solid nature, are adaptable to 
simple, economical molding by a 
wide variety of methods, and they 
yield flexible, durable moldings. 

Plastisols are dispersions of 
high - molecular - weight vinyl 
chloride polymer or copolymer 
resins in non-aqueous liquid plas- 
ticizers which do not dissolve the 
resin at ordinary temperatures. In 
order to give each compound spe- 
cific qualities, various stabilizers, 
pigments, and other modifiers are 
usually added to the dispersions. 
Plastisols are converted from 
their liquid phase to a structur- 
ally solid mass through the sim- 
ple exposure to temperatures on 
the order of 375° F. This fusion 
process causes the resin particles 
to dissolve in the plasticizers— 
resulting in tough, 
films. 


continuous 


Molding advantages 

A particular advantage in the 
molding of plastisols is the fact 
that no pressures are necessary 
for the conversion process—and 
therefore lightweight, inexpensive 
molds are satisfactory. Because 
* Vice pres., Watson-Standard Co., 225 Gal- 
veston Ave., Pittsburgh 30, Pa. 
** Chemical Products Corp., King Philip Rd., 


East Providence 14, R. I. : 
References were prepared by the editors. 
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plastisols are essentially 100% 
solid materials, there are no sol- 
vents or diluents to be evaporated 
and no weight loss occurs in the 
molding process. This feature also 
insures a long pot life and consist- 
ent viscosities. Normally, molding 
plastisols are liquids of relatively 
low viscosity which can be easily 
poured, pumped, or sucked into a 
mold. In special cases, a male 
mold can be dipped into the li- 
quid. The ease with which plasti- 
sols can be converted from a li- 
quid to a solid, plus the fact that 
they incorporate no volatile com- 
ponents, means that thick pieces 
can be molded in one step. 

The particular formulation of 
an individual plastisol compound 
determines its physical and chem- 
ical properties. Some of the prop- 
erties available in almost any 
combination include: 

Color choice—unlimited. 

Tensile strength—as required, 
from 300 p.s.i. to 1000 p.s.i. 

Elongation—350 to 600 percent. 

Hardness—(Shore A) as re- 
quired, from 10 to 100; (Shore D) 
up to 65. 

Flexibility—to temperatures as 
low as —65° F. 

Chemical resistance—outstand- 
ing to most acids, alkalies, deter- 
gents, oils, and solvents. 

Heat resistance—available to 
225° F. for as long as 2000 hr., and 
to 450° F. for over 2 hours. 


Dielectric strength—minimum 
of 400 v./mil when fused in sec- 
tions 3 mils thick and over. 

Solids content—100 percent. 

Viscosity—as required, 20 to 
100 poises. 

The molding techniques com- 
monly used with plastisols in- 
clude: 1) dip molding; 2) slush 
molding; 3) rotational casting; 4) 
low-presure injection molding; 5) 
in-place molding; and 6) com- 
bined methods. 


Dip molding 

Dip molding consists of dipping 
an external mold into the plasti- 
sol bath, fusing or fluxing, and 
then stripping the finished article 
off the mold. Automotive pump 
diaphragms, spark plug covers, 
collapsible tubes, thread pro- 
tectors, boots, and toys are but 
a few of the items that may be 
made on a commercial basis by 
this technique. The molds are 
usually solid and are made of 
cast or machined aluminum, ma- 
chined brass, steel, or ceramic. 

A typical dip molding system 
includes a conveyorized line pass- 
ing through a preheat oven, a 
dipping station, a fusing oven, a 
cooling station, and a stripping 
station. The preheat oven is used 
to heat the mold prior to dipping. 
Although in certain cases, the 
molds are dipped at room temper- 
ature, normally the molds are 
preheated to control the thick- 
ness of the plastisol deposited on 
the mold. For most common ap- 
plications (wall thicknesses of "6 


to approximately 300° F. prior to 
dipping. For heavier wall thick- 
ness the preheat temperature 
should be higher. The mold is in- 
serted into this plastisol bath 
rapidly and then withdrawn at a 
rate of from 4 to 6 in. per minute. 
In some cases, the mold is in- 
verted, after withdrawal, to allow 
for redistribution of excess liquid 
plastisol. The plastisol on the 
mold is then fused at oven tem- 
peratures from 350 to 400° F. The 
length of time in the oven will 
vary from 5 to 15 minutes. After 
fusing, the mold is cooled (either 
air-cooled or water-sprayed) and 
the molded piece is stripped from 
the mold. 

Combinations of expanded 
vinyls and plastisol skin may be 
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adapted to this method of mold- 
ing, which is of particular interest 
in the manufacture of such items 
as boots and gloves because of 
the insulating qualities of ex- 
panded vinyls. 

The vinyl skin is formed as out- 
lined above. After the plastisol 
on the mold surface is cured, 
the mold is inserted into the 
plastisol sponge (chemically 
blown type) bath and then with- 
drawn. After that the mold is 
usually inverted to allow redistri- 
bution of the sponge plastisol and 
then fused at temperatures of 350 
to 400° F. 

Thickness of the sponge sec- 
tion may be controlled by two 
methods: 1) heat of the mold and 
2) rate of expansion of the sponge 
plastisol compound. 

Since mold detail is on the in- 
terior of the dip molded piece, 
the part is sometimes turned in- 
side out, as is the case of dip 
molded boots. This is usually true 
also of plastisol-sponge combina- 
tions since the insulation is re- 
quired on the interior of the 
molded part. 

Dip molding lends itself to high 
rates of production since many 
individual molds may be dipped 
at one time. This method also 
lends itself to practically auto- 
matic molding since the molded 
parts may be automatically re- 
moved or stripped from the molds 
by compressed air, so that a single 
operator may run a complete pro- 
duction line. 


Slush molding 


The basic principle of slush 
molding is a utilization of the 
ability of plastisol to solidify im- 
mediately on contact with heat. 
This feature is exploited by filling 
a preheated hollow mold with 
plastisol, allowing the material 
adjacent to the mold walls to gel, 
and returning the remainder to 
the reservoir. The wall thickness 
of the deposited film is controlled 
by the temperature to which the 
mold is preheated and the length 
of time the plastisol is allowed 
to dwell in the mold before be- 
ing dumped. 

The molds used in this process 
are usually electroformed copper 
nolds, or fine aluminum sand- 

ast molds. Heat is applied to 
onvert the plastistol to an elas- 
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Doll components are produced on three-spindle rotational molding 
machine. Formulation, prepared in 2000-gal. tank, is piped to 
storage tanks from which it can be withdrawn as needed. (Photo, 
Goodyear Tire and Rubber Co.) 


tomeric compound, and then the 
mold is cooled to a temperature 
for convenient handling to strip 
the molded piece. 

Most of the production lines us- 
ing slush molding follow one of 
two basic systems—the single- 
pour system and the double-pour 
system. Both of these are readily 
adapted to conveyorized lines. 

A single-pour system involves 
a single filling station where the 
molds are filled by the vacuum, 
gravity, or pressure method. If 
gravity or pressure filling is used, 
the filled molds are either spun 
or vibrated to eliminate bubbles 
at the extremities. Then the molds 
are heated—usually by infra-red 
or by immersing in hot water—to 
adjust or control wall thickness. 
Heating at this point in the system 
is necessary so that the plastisol 
in immediate contact with the 
walls of the mold is gelled; the 
mold is then inverted and the 
plastisol allowed to drain out. The 
plastisol lining left in the mold 
is then fused in an oven at tem- 
peratures from 350 to 375° F. The 
fusing time depends on the size 
of the molded piece and the wall 
thickness desired in the finished 
part. Following the fusing cycle, 
the mold is cooled, usually by fine 
water spray. 

The two-pour method is a mod- 
ification of the above. Here again, 
the mold is filled almost to the 
top, usually by gravity or by 
pumping, and the mold is vibrated 
to remove bubbles from extrem- 


ities. It is then dumped, leaving a 
thin film of plastisol on the sur- 
face. By filling a cold mold in this 
manner there is less chance of 
entrapping air or of gelation over 
fine details at the extremities. 

After dumping and draining, 
the mold is passed through an 
oven to fuse or semifuse the first 
skin. Here the oven may be either 
a hot-air type or an infra-red 
type. After passing through the 
first pour oven, the mold is then 
filled a second time, dumped, and 
allowed to drain. The length of 
time the mold is in the first oven 
determines the wall thickness of 
the final part because the heat 
of the mold retained from the 
setting or fusing of the first skin 
will determine the ultimate thick- 
ness of plastisol deposited on the 
walls of the mold. The mold is 
then passed through a_ second 
oven where final fusing of the 
plastisol part is obtained. The 
mold is then cooled and stripped 
in the same manner as in the 
single-pour system. 

Sponge plastisol may be han- 
dled similarly when items such as 
boot socks and toys are manu- 
factured completely of sponge. 
When a plastisol skin-sponge 
combination is desired, a two- 
pour system is used. A sponge 
vinyl plastisol is poured in the 
second position. This method is 
used in the production of dolls 
and doll parts, insulated boots, 
and electrical component covers. 

To point out advantages of the 
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difficult 
since they are very similar in na- 
ture and the final products in 
both methods are accepted com- 
mercially. However, it is obvious 
that handling in the single-pour 
method is at a minimum, whereas 
in the two-pour method the pos- 
sibility of air entrapment is re- 


different processes is 


duced to a minimum. 

Slush molding has many ad- 
vantages in the production of 
open hollow moldings. The pro- 
cess is relatively simple. Parts 
which show no parting line may 
be made in a single-piece mold. 
When the piece is removed from 
the mold it is finished and, except 
for decorating, there is no finish- 
ing expense. Undercuts present 
no problem whatsover, as they do 
in other conventional types of 
molding. Fine detail is easily ob- 
tained. 

This method of molding has 
found wide usage in the doll and 
toy industries. Some other prod- 
ucts made by this process are 
boots, finger cots, novelties, col- 
lapsible tubes, and display-type 
mannequins. 


Rotational casting 


The rotational casting of plasti- 


sols has become increasingly pop- 
ular for commercial molders, es- 
pecially in the case of long-run 


items. The rapidly expanding 
number of end uses for plastisols 


Scissors make use of cush- 
iony foamed plastisol coat- 
ing on finger grip. (Photo, 
Bakelite) 


molded by this system is due, at 
least in part, to recent innovations 
in formulation which make avail- 
able versions as rigid as 65 on the 
Shore D Scale. 

Rotational molding refers to the 
manufacture of completely en- 
closed hollow moldings in two- 
piece molds. A_ predetermined 
amount of plastisol is introduced 
into one half of the mold; the two 
mold parts are clamped together 
and then rotated in two planes. 
This rotation is accompanied by 
heating either to gel or to fuse the 
film of plastisol after it has been 
evenly distributed on the interior 
walls of the mold. 

Rotational molding is rapidly 
replacing slush molding processes. 
There are several advantages 
molding, namely: 
weight of molded parts may be 
accurately controlled; there is less 
possibility of contamination of the 
plastisol; the reject rate is lower: 
there is less scrap; and the opera- 
tion is much cleaner. 

Rotational molding equipment 
is generally classified as contin- 
uous-type or batch-type. Molds 
used for rotational molding are 
both electroformed copper and 
cast aluminum; in some cases, 
machined aluminum molds are 
used. Depending on the surface 
desired on the finished product, 
the molding surfaces of these 
molds are left as they are cast 
or polished to a high finish. The 
highly finished molds produce a 
glossy surface on the finished 
product, while unpolished sur- 
faces leave a dull or mat finish. 
The parting line of the molds 
should be machined after casting 
so that the mold will close tightly, 
preventing leakage while the 
plastisol is in the liquid form and 
thus reduce objectionable flash 
on the molded part. 

The simplest type of rotation 
equipment is the  batch-type. 
Basically it consists of a platform 
which rotates in two dimensions 
simultaneously and is normally 
enclosed in an oven for heating 
the molds while they rotate. The 
molds are filled outside the oven 
and clamped on a plate. The plate 
to which molds are fastened is 
then locked in place on the rotat- 
ing platform. In most cases the 
plastisol is fused while in the 
rotator; however, in some cases, 


to rotational 


the plastisol is merely gelled or 
set in this equipment and then 
removed and fused in a separate 
fusing oven. The advantage of 
fusing in a separate oven is a 
large turnover of molds in the 
rotator. 

The continuous-type of rota- 
tional molding equipment consists 
of a conveyorized system with 
individual rotational _ stations. 
These rotational stations travel 
on the conveyor. A complete cycle 
includes automatic volumetric 
filling of the molds, automatic 
closing, engagement of rotational 
gearing, fusion of the plastisol 
while rotating, cooling of the mold 
either by water spray or cooled 
air, automatic opening of the 
mold, and removal of the finished 
part. This equipment is highly 
mechanized and necessarily com- 
plicated. It is operated with a 
minimum of labor and is capable 
of achieving a high production 
rate. 

In the rotational equipment 
described, the rotation in each 
axis or plane is regular or circu- 
lar in nature. By the use of ir- 
regular motion in each plane, one 
equipment manufacturer claims 
that a more even distribution of 
plastisol in irregular molds may 
be obtained. 

Moreover, it is still further 
claimed that, by the use of cams, 
localized deposition may be ac- 
curately accomplished. Thus, in 
the case of a hydrometer bulb or 
a toilet tank ball valve, one sec- 
tion of the molded part could be 
of a heavy wall thickness while 
another portion could be much 
thinner. 

This can also be accomplished 
through ingenuity in mold design 
wherein the thickness of the 
molded section is controlled 
through the thickness of the mold 
walls in particular areas. Gen- 
erally speaking, since the heat is 
transmitted more slowly through 
a relatively thick mold wall, the 
molded section in that area would 
be thinner in relation to other 
areas of the article. The use of 
these lopsided molds make pos- 
sible intricately shaped moldings 
of varying thicknesses. 

The products manufactured by 
this process range from toys and 
novelties such as dolls, toy bowl- 
ing sets, beach balls, piggy banks, 
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artificial fruit, and flowers, to such 
functional items as toilet balls, 
squeeze bulbs, industrial casings, 
and battery-testing-unit housings. 
With a good portion of the toy 
market already realized in this 
field, the greatest potential now 
seems to lie in rotational casting 
of industrial pieces. The outstand- 
ing physical and chemical proper- 
ties of plastisols combined with 
the wide range of design possibili- 
ties in forming by this process 
certainly indicate the replacement 
of many tedious fabricating proc- 
esses using metal, rubber, leather, 
and ceramics. 


Low-pressure injection molding 


Plastisols are used in the man- 
ufacture of solid castings or solid 
molded parts, although not as ex- 
tensively as in the manufacture 
of hollow molded parts. The 
simplest process for the manufac- 
ture of solid molded parts is 
merely pumping or pouring plas- 
tisol into a cavity until it is filled. 
Usually it is necessary to use a 
covered cavity mold for this proc- 
ess because during the heating 
or fusing cycle there is some ex- 
pansion of the plastisol followed 
by some contraction on cooling. 
On parts where thick cross-sec- 
tions are molded, bleeders are 
necessary to relieve or reduce 
the pressure on expansion. The 
time necessary to fuse any given 
molded part by this method will 
depend largely on the cross-sec- 
tional thickness of the part. A rule 
of thumb to determine approxi- 
mate fusing time is that for every 
¥g in. of cross-section, 7 min. of 
curing time should be allowed at 
350 to 375° F. Molded parts with 
cross-sectional thickness as high 
as two inches have already been 
made and marketed. 

A more advanced technique for 
this type of molding might be 
designated as low-pressure injec- 
tion molding. The equipment nec- 
essary for this type of injection 
molding is simple since the plas- 
tisol is liquid. Low-pressure 
pumps of the grease-gun variety 
can be successfully used to inject 
the liquid plastisol into a two- 
piece mold or cavity. Here the 
molds must be designed with 
bleeders at the cavity extremities 
to allow for complete filling. The 
process is simply to close the 
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mold, pump the plastisol into the 
mold until the excess emits from 
the bleeders, place the mold in an 
oven for fusion, remove, cool, 
open the mold, and take out the 
finished part. 

The molds used for this method 
are of aluminum, copper, brass, 
or steel, and they are either sand- 
cast or machined. As in the rota- 
tional molds, the closing surfaces 
of the two-piece molds must be 
machined to provide a tight fit 
and, again, the finish of the 
molded part depends entirely 
upon the density, polish, or tex- 
ture of the mold surface itself. 
The wall thickness of the metal 
molds should be kept to a mini- 
mum to provide for quick heat 
transmission, but be thick enough 
for good structural strength to 
withstand the pressures involved. 

For the most part, solid plas- 
tisol moldings are made by the 
batch-process. Conveyorized con- 
tinuous molding processes are not 
practical, due usually to the 
length of time required for fusing 
the solid plastisol parts. The 
batch-process is excellent when 
a limited number of parts are re- 
quired since the mold cost in 
comparison with that for con- 
ventional injection molds is very 
small. 

Some applications of piastisol 
parts made by the batch process 
are seals for ceramic tile, sink and 
disposal stoppers, advertising dis- 
play plaques, and novelties. 


in-place molding 


The outstanding moldability and 
versatility of plastisols have led 
to some very significant large- 
volume applications which can be 
designated “in-place molding.” 
Most successful use of this type 
of operation has been in the field 
of gasketing. 

For example, two leading man- 
ufacturers of the new dry, pleated 
paper, automotive air-cleaner 
have used plastisols to very great 
advantage in molding end-seal 
gaskets. These manufacturers 
were able to replace a several- 
step process involving precut gas- 
kets and adhesives with a 
simple, one-step, high-speed 
molding operation. Incorporated 
in the air-cleaner are a special 
corrugated paper as the filtering 
medium, surrounded by a metal 


Model of human heart is 
rotationally molded of a 
rigid vinyl plastisol so 
tough it can bear the 


weight of a man without 
breaking. (Photo, Rotocast) 


screen for extra support. The air- 
cleaners are made by placing the 
filter and support elements in 
ring-like molds filled with liquid 
plastisol, and then fusing the plas- 
tisol. The operation is then re- 
peated for the other end. The 
fused plastisol not only con- 
solidates each end of the filter into 
a sealed assembly, but provides, 
as well, excellent air-tight gaskets 
when the filter is mounted in 
place. 

Flowed in-gaskets are applied 
in the plant to vitrified sewer pipe 
by placing specially designed 
molds over the bell and spigot 
ends of the pipe lengths, filling 
them with plastisol, and fusing it. 
This new system has replaced the 
tedious process of joining pipe in 
the field with such compounds as 
okum and mortar and has already 
practically revolutionized the in- 
dustry. With this new gasket sys- 
tem, pipe can be laid at astonish- 
ing speed, even under water. Plas- 
tisol in this end use is formulated 
to a hardness which permits the 
pipe lengths to be fitted together 
easily, forming a tight seal. Wip- 
ing the gaskets with solvent lu- 
bricates the gaskets for joining 
the pipe and, when it drys, seals 
the gaskets together permanently. 
One of the outstanding character- 
istics of plastisol in this end use 
is its ability to compensate for 
out-of-roundness in the pipe. 

Another large-volume applica- 
tion for in-place molding with 
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great potential is the molding of 
flowed-in gaskets for bottle caps 
and jar lids. Fast flow combined 
with rapid gelling and fusing 
properties, permit tremendous 
production speeds, replacing sev- 
eral-step operations. Other ad- 
vantages of plastisols in this ap- 
plication include F.D.A. approval 
of special compounds for sanita- 
tion and outstanding chemical 
resistance. 


Combined methods 

There are occasions, particu- 
larly with plastisol skin-sponge 
vinyl combinations, when the use 
of two of the above-mentioned 
methods is advantageous to pro- 
duce a single product. Items (such 
as arm rests, gaskets, toys, 
squeeze balls, and electrical pack- 
ings) having a tough outer skin 
of vinyl plastisol and a solid in- 
terior of expanded vinyl, may be 
produced by spraying, slush 
molding, or rotational molding of 
the skin, and by casting, low- 
pressure injection, or 
molding of the interior. 

Combination plastisol skin and 
expanded vinyl products may be 
divided into two categories: 1) 
Those in which the complete ex- 
terior surface is a plastisol skin, 
as in the case of arm rests, crash 
pads, toy blocks, squeeze balls, 
toys, and others; 2) Those in 
which only part of the surface is 
a plastisol skin, such as gaskets, 
packing, chair seats, and others. 

For products requiring an ex- 
terior surface completely covered 
with plastisol skin, a combination 
of rotational molding and low- 
pressure injection molding may 
be used. In this case, the skin is 
molded in the normal rotational 
method. After curing of the skin, 
but while the mold is still closed, 
vinyl sponge or foam is injected 
into the interior of the mold. In 
the case of vinyl sponge the 
amount injected is predetermined, 
but with vinyl foam the mold is 
filled. Then the mold is either 
placed back in the rotational 
equipment or into a conventional 
oven for fusing or expanding the 
sponge or foam plastisol. 

For products having a plasti- 
sol skin on only a portion of the 
exterior surface, several methods 
may be used. The vinyl] plastisol 
may be sprayed on the surface 


rotational 


of the mold either with or with- 
out masks and then set or fused. 
The vinyl sponge or foam is then 
cast into the mold and fused. The 
skin plastisol may also be slushed 
into the mold and cured, and then 
the vinyl sponge or foam cast and 
fused. 

Molds and equipment used in 
the manufacture of combination 
vinyl plastisol-expanded vinyl 
products are of the same general 
type as those used for conven- 
tional plastisol products. 

The above-outlined methods 
are general; no two molders use 
the same processes or even the 
same equipment. Each molder has 
his individual ideas as to fusing 
time, fusing temperatures, me- 
thods of removing or eliminating 
bubbles, preheating of molds after 
fusing, etc. The suitability of the 
plastisol to the method and type 
of mold used should be deter- 
mined by the individual molder, 
based on his own experience 
gained by solving similar prob- 
lems in the past. 
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FLEXIBLE MOLDS FOR CASTING PLASTICS 





BY EDWARD FERRARI* 


Flexible mold materials used in 
reproducing models and proto- 
types in cast plastics consist of 
two basic materials: rubber lat- 
ices and vinyl plastisols (elasto- 
meric vinyls). 


Rubber latices 


Natural rubber latices are 
applied by a series of sprayed, 
dipped, or brushed-on coats. This 
surface layer is then backed up 
with a layer of highly filled latex. 
This type mold is used in repro- 
ducing models in plastics, wax, 
plaster, and low-melting metals. 

Polysulfide rubber molds are 
produced from  polymercaptan- 
base synthetic rubber.' This com- 


* Industrial 
ur 1 Radio Receiver Div 


Housewares 
General Electric Co., 
1285 Boston Ave., Bridgeport 2, Conn, 
Compounded by the Perma-Flex Mold Co. 
rerma-Flex CMC), 
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Design Operation, 


pound is converted from a liquid 
polymer to a solid flexible mass 
at room or slightly elevated tem- 
perature by the use of a curing 
agent and catalyst. 

Four different formulations of 
this material are available. How- 
ever, two of these are most com- 
monly used in casting plastics and 
other materials: Gra-Tufy CMC 
and Blak-Tufy CMC, used either 
alone or together according to 
the need. For fine surface detail 
and toughness a layer of Gra- 
Tufy is brushed or poured over 
the model which was previously 
treated with an application of 
soap to insure parting of the mold 
and model. This layer is then 
followed by a thicker layer of 
Blak-Tufy CMC. If greater 
strength is required, fibrous glass 
or cloth may be incorporated in 
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the second layer. The mold is 
then reinforced with a plaster 
back-up or matrix before remov- 
ing it from the model. After the 
mold has been stripped from the 
model, it is recommended that 
mold release agents such as Dow 
Corning DC No. 20 be applied 
to the surface of the mold prior 
to casting plastics. Vinyl plastisols 
and waxes can also be used in 
this type mold to reproduce mod- 
els and various patterns when it 
is so desired. 

Silicone compounds 
have been developed which can 
be vulcanized at room tempera- 
ture. Dow Corning RTV Silastics 
$5313 and $5314 and General 
Electric’s 81712 or 81726 are two 
such compounds. RTV Silastics 
$5313-14, when mixed thoroughly 
in 50-50 proportions, can be 
poured or applied by spatula on 
a model to produce a_ tough 
flexible mold. The mixed silicone 
will then vulcanize in 24 to 48 hr. 
at room temperature. If necessary, 
the mold can be encased in a 
plaster back-up. RTV silicones 
and GE’s 81712 and 81726 are 
catalyzed by mixing with Ther- 
molite 12 or Nuodex LT-16 and 
L-24. At the recommended cat- 
alyst concentration of 1% by 
weight, cure times are as follows: 
Thermolite 12, % hr.; Nuodex 
L-24, 4 hr.; Nuodex LT-16, 8 


hours. 


rubber 


Vinyl plastisols 


Vinyl plastisols consist of fine 
particles of vinyl resin dispersed 
in a liquid plasticizer. Poured at 
room temperature on a model or 
into a mold, they are fused at 
elevated temperatures and cooled. 
Their usefulness is determined 
by the degree of heat necessary 
to effect complete fusion, since 
this factor limits the model ma- 
terials with which they may be 
used. For example, a vinyl plas- 
tisol that must be cured at 350° F. 
requires a model which is con- 
structed of nonporous materials 
such as metal, glass, or ceramic. 
Vinyl plastisols which cure at a 
lower temperature (218 to 225 
F.) can be used on certain plas- 
ters, pattern cements, or plastic 
models when the cure cycle is 
properly controlled. Elastomeric 
vinyls that cure at even lower 
temperatures (180 to 210° F.) 


are readily employed on porous 
materials, such as wood, plaster, 
and composition materials. 


Making the mold 


The simplest mold is an open 
one-piece mold. The model in 
this instance is fastened to a 
background, then flasked in with 
rails of metal, wood, or masonite. 
(Fig. 1, right). If a vinyl plas- 
tisol is to be used, all parts should 
preferably be made of metal. The 
rails should be approximately 
4 to %g in. higher than the high 
points of the model. 

The assembly is then warmed 
in an oven and a coat of good 
paste wax is applied as a parting 
agent. It is then filled with the 
vinyl compound and cured at 
the proper temperature in a cir- 
culating-air oven. (Fig. 2, right). 
After the vinyl is cured and 
cooled, the rails are moved to 
allow space between them and 
the vinyl mold. This space is then 
filled with plaster which produces 
a plaster back-up case (Fig 3, 
right). When thoroughly set, 
the rails and plaster are removed 
from the vinyl. The vinyl is 
removed from the model and re- 
placed in the plaster. The mold 
is then ready for use. This same 
method applies to  polysulfide 
and silicone rubber molds, but 
this is applicable only to small 
molds. When a larger mold is 
to be produced, the plaster case 
is constructed first and is related 
to the model. The first step in 
this procedure is to establish 
the parting line of the mold on 
the model. At this point a land 
or flat shoulder is established. 
The model is then clayed up by 
placing strips of Plasteline about 
14 in. in thickness over the entire 
model and somewhat overlapping 
the flat area comprising the land. 
On this overlap is placed a strip 
of Plasteline about *s in. square. 
This strip will be the means by 
which the dimensional stability 
of the mold is maintained. 

Cylinders of Plasteline are 
placed on each highest point of 
the clay-up in order to estab- 
lish the pouring gates and vents 
in the mold. A primary coat of 
A-11 Hydrocal plaster is then 
splashed over the entire surface 
of the clay and allowed to par- 
tially set. A secondary coat re- 
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Fig. 1 (top): Model is 
fastened to background 
and flasked in. Fig. 2 
(center): Vinyl compound 
is poured in. Fig. 3 (bot- 
tom): Space between mold 
and rails is filled with 
plaster to make the finished 
back-up case 


inforced with AA mosquito net- 
ting and open mesh plaster bur- 
lap is applied on the primary 
coat until a thickness of approxi- 
mately % in. is established. If 
the mold is quite large, it should 
be reinforced with iron bars or 
pipes fastened to the secondary 
coat with strips of burlap dipped 
in wet plaster. 

After the plaster is thoroughly 
set, the case is removed from 
the model and all of the Plasteline 
is removed. The case is then 
thoroughly dried in an oven at 
not more than 150° F. tempera- 
ture. When the case is dried and 
while it is warm, apply a gen- 
erous coat of gocd paste wax. 

The case is then returned to 
its original place over the model 


Fig. 4: Filled assembly for 
making vinyl molds 




















Fig. 5 (top): Clay-up is 
laid on model; Fig. 6 
(bottom): Flexible mold 
and plaster case are re- 
moved from model 


and all joints are sealed. It is 
then ready to be filled with either 
a liquid vinyl compound, poly- 
sulfide rubber, or silicone rubber. 

If elastomeric vinyls are used, 
the filled assembly (Fig. 4, p. 809) 
is placed in an oven in which the 
temperature is raised in stages 
until it reaches 210°F. It is 
maintained at this temperature 
until the heat has penetrated the 
entire mass of mold and model. 
It is then removed from the oven 
and allowed to cool thoroughly. 
Then the case is removed and 
the vinyl in turn is removed from 
the model and replaced in the 
case. The vinyl can then be 
toughened by replacing it in the 
oven at the cure temperature for 
one hour. If multiple moids are 
desired, the vinyl is allowed to 


remain on the model. Additional 
cases are constructed over it and 
the pouring procedure is repeated. 


Composite molds 


Whenever the occasion de- 
mands it, a composite mold con- 
sisting of a rigid core, a piece 
mold, and a flexible mold may be 
used. This is constructed in the 
following manner: A plaster core 
that contains the gates, vents, and 
risers on which the model is 
built is bench turned. The model 
is then assembled on this core 
and a piece mold is made around 
the model. A clay-up is laid on 
as previously described (Fig. 5, 
left) and a plaster case is then 
splashed over the clay-up. The 
plaster case is removed when set, 
after which all the Plasteline is 
removed. The case is returned 
to the model and piece mold and 
the flexible mold material is 
poured and cured. The case and 
flexible mold are removed from 
the model (Fig. 6, left) and the 
model is removed from the mold. 
The mold is then treated with a 
parting agent, reassembled, and 
the plastic is poured to make the 
finished model (Fig. 7, left). 


Special References 


“Casting epoxies at N.R.L.” 
Mopern Ptastics 29, 94 October, 
1951. 

“On set with Laminac,” Plastic 
Newsfront (Oct. 1952). 

“Bulletin PF2—Perma-Flex 
CMC Cold Molding Compound,” 
Columbus, Ohio. 

“Service Bulletin PR-4—Geon 
Resin 121 in plastisol compound- 
ing,” B. F. Goodrich Chemical Co. 

“Bulletin 81726 and Bulletin 


oe 


Fig. 7: Finished fan made 
by pouring plastic into 
flexible vinyl mold 


81712—General Electric  Sili- 
cones,” General Electric Silicone 
Products Dept. 
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POTTING AND ENCAPSULATION OF ELECTRICAL COMPONENTS 





BY HARRY L. VOORHEES* 


Potting has been defined as the 
deep impregnation of circuit sub- 
units, e.g. capacitors, resistors, in- 
ductors, transformers, solenoids, 
etc.—either singly or in assem- 
blies, with a suitable liquid or 
liquefiable material which will 
later cure or harden to provide 
mechanical protection and elec- 
trical insulation. Encapsulation, 
on the other hand, means the cov- 
ering or outer protection of these 
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components. Some variation exists 
in the common usage of these 
terms, potting sometimes imply- 
ing the use of integral molds 
(containers, shells, or pots made 
of metal, thermoplastics, thermo- 
sets, or laminates) which become 
a part of the final product. 
However’ designated, these 
processes are becoming standard 
in the various electrical and elec- 
tronic fields for protecting delicate 
electrical devices. Potting and en- 


capsulation provide rigid location 
of subunits in relation to each 
other, improved resistance to vi- 
bration, protection from damage 
due to bending, scraping, drop- 
ping or tampering, and, in some 
instances, better heat transfer. 
They also provide increased re- 
sistance of the system to humidity, 
fungi, and chemical attack, pro- 
tection against the intrusion of 
dirt and foreign matter, and bet- 
ter electrical insulation between 


ENGINEERING AND METHODS 









“een = 


adjacent components as well as 
within individual components 
when deep impregnation is used. 
As a consequence, the major fac- 
tors in the failure of electrical de- 
vices are being minimized or 
eliminated by these techniques. 
Such materials as wax and bi- 
tumen were used for many years 
as embedding and impregnating 
media before the advent of pres- 
ent-day casting or potting resins. 
Vulnerable to local overheating 
and sometimes apt to degrade 
electrical performances, these 
materials have been superseded 
by suitable thermosetting plastics: 
phenol-formaldehyde resins, poly- 
esters, silicones, polyurethanes, 
and epoxy systems. 


Basic potting resins 


The relatively viscous phenol- 
formaldehyde resins harden, 
when catalyzed, by a condensa- 
tion polymerization involving the 
elimination of water. Long slow 
heat cures under vacuum must be 
employed to remove condensation 
byproducts if void-free castings 
are to be attained, and shrinkage 
during cure is high. The mechan- 
ical and electrical properties of 
the cured materials are only fair. 
Perhaps their chief advantage is 
their low cost. 

Polyester potting resins (usu- 
ally styrene solutions of the es- 
terification condensates of various 
dihydric alcohols and unsaturated 
dibasic acids) are catalyzed with 
organic peroxides to initiate co- 
polymerization of the styrene and 
resin components by means of a 
vinyl-type addition reaction. The 
monomeric styrene present func- 
tions not only as a cross-linking 
agent, but also as a diluent to pro- 
vide viscosities sufficiently low 
for impregnation of fine struc- 
tures. Unfortunately, 
increased styrene causes in- 
shrinkage during cure 
(up to 10% by volume). This mo- 
nomer also tends to dissolve wire 
enamels. Other disadvantages in- 
clude the poor wetting qualities 
of these systems, and their ten- 
dency to degrade at elevated tem- 
peratures. 

The silicones (organopolysilox- 
nes) include a variety of com- 


pounds characterized by a skele- 
tor 


however, 


cl eased 


of alternating silicon and 


oxygen atoms with various or- 
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coordinated facilities for molding all types of 
plastics under one roof saves time, cuts costs 




















AICO is a veritable one-stop shop- 
ping spot for all your molded plastics 
needs. At AICO you will find skilled 
technicians whose long and special- 


ery. Regardless of molding material, 
molding method required or quan- 
tities involved ... AICO is equipped 
to do the entire job. Under one roof, 
at AICO, you will find completely 
coordinated facilities to assure fast, 























ized experience keeps each job ‘“‘on 








schedule” every step of the way... 
from design, through mold building, 
molding, final inspection and deliv- 








economical production of all your 











custom molded plastics. 
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AICO PLASTICS 
DESIGNER'S HANDBOOK 


Tells and illustrates how low 
unit cost can be achieved 
through proper plastics 
design 





AICO PLASTICS APPLICATOR 


Tells molding material best Tells how to select a fully 

suited for your product equipped molder to do your 

tells how it should be molded job shows how to ovoid 
split responsibilities 
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NoVo METERING AND MIXING SYSTEMS* 
IMPROVE QUALITY 
AND 

REDUCE COSTS 

IN PROCESSING 
MULTI-COMPONENT 
REACTIVE MIXES 
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Whatever products or uses you are making of epoxies, polyurethanes, polyesters, 
polyamides, liquid elastomers or other multi-component reactive resin mixes, NoVo 
Metering and Mixing Systems can help you: 


1 MAINTAIN UNIFORM QUALITY from piece to piece. 


2 INCREASE SPEED OF PROCESSING, APPLICATION AND 
CURING. Less floor space, less investment in molds and 
curing equipment is required. 


3 HANDLE ULTRA SHORT POT-LIFE RESINS—down to 8 to 10 
seconds—without freeze-up or clean-up. 


4 HANDLE LOW COST, HIGH MOLECULAR OR HOT MELT 
RESINS that yield improved physical properties. 


5 DO AWAY WITH HAND LABOR for transfer, weighing, 
mixing and dispensing. 


6 ELIMINATE COSTLY “REJECTS” DUE TO INACCURATE 
BATCH MAKE-UP and dispensing. 


7 STOP WASTE AND SPILLAGE in transfer. 


Precision engineered for efficient, economical operation, NoVo Metering and 
Mixing Systems automatically deaerates and accurately proportions reactive 
components, homogeneously mixes and meter dispenses the multi-component re- 
active resin mixes. The System has proved its versatility in practically all kinds of 
applications—in production, pilot and laboratory operations. 

It handles viscosities up to 500,000 cps at room temperatures... maintains high 
accuracy over long service periods. The positive-acting metering mechanism pre- 
vents variations of greater than 0.5%. The System is adjustable for a wide range 
of ratios from 1:1 to 2000:1. Especially designed for continuous or intermittent 
operation, NoVo Metering and Mixing Systems dispenses up to 120 shots per 
minute or produces a continuous bead. A solvent purge quickly cleans out the 
reactive mix in the mixer-reactor and outlet when the System is shut down for any 
period longer than the pot-life of the mix. 

NoVo Metering and Mixing Systems are supplied as a completely integrated 
unit. Over-all dimensions are approximately 25" x 39" x 60" high. It can be 
easily modified to special processing needs. Construction materials can be varied. 
Processing steps can be eliminated. Automation can be incorporated. 

You can arrange for a test run of your material in a demonstration of this System 
at the Mitchell Specialty plant in Philadelphia. Our experienced engineering and 
laboratory staff are available to help you in product engineering and process 
layout. Write for your copy of a completely new illustrated and descriptive brochure. 


*PAT. NO. 2,788,953 

MITCHELL SPECIALTY 
DIVISION OF INDUSTRIAL ENTERPRISES, INC. 
PE DEPT., EDMUND AND SHELMIRE STREETS, PHILA. 36, PA. 








ganic groups attached. Depending 
upon whether they are linear 
branched, or cross-linked, sili- 
cones may be fluids, elastomers, 
or thermoset resins, For electri- 
cal impregnation, low-molecular- 
weight, linear, vinyl-containing 
polysiloxanes are now available 
Catalyzed with dicumyl peroxide 
or ditertiarybutylperoxide, these 
solventless, low-viscosity, long- 
pot-life systems cure in a few 
hours at moderate temperatures 
into thermosets with good physi- 
cal and electrical properties. Post- 
curing for a few more hours at 
the maximum operating tempera- 
ture prepares the material for 
continuous use at elevated tem- 
peratures with good retention of 
electrical properties. For embed- 
ment, silicone rubbers, putties, 
and tapes are available, as well as 
low-density rigid and flexible sili- 
cone foams. Room temperature 
setting foam-in-place formula- 
tions are available which will 
produce uniform, small-celled, 
flame-retardant, low-water-ab- 
sorption foams capable of being 
used continuously at high tem- 
peratures. Expansion and curing 
is initiated by stirring in a cata- 
lyst and only simple equipment is 
necessary. 

In general, however, silicones 
have been expensive and difficult 
to process; consequently their use 
has been limited to Class H con- 
ditions and jobs that could not 
be done with cheaper or more 
convenient materials. Their dis- 
advantages have included long 
cures, poor solvent resistance, and 


Epoxy resins are ideal 
for encapsulating electrical 
and electronic components. 
Note clarity of potted 
printed circuit (top). 
(Photo, Allied Chemical) 
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yoor adhesion to surfaces. On the 

redit side are their good ozone 
esistance, slow combustion rate, 
high thermal conductivity, good 
electrical properties, and good 
performance at both high and low 
temperatures. 

The polyurethanes are a class 
of varied and versatile new mate- 
rials produced by the reaction of 
diisocyanates, usually tolylene 
diisocyanate, with compounds 
containing active hydrogens. 
These compounds include those 
bearing hydroxyl, amine, or car- 
boxyl groups. Formulations in- 
corporating hydroxyl-terminated 
polyesters, simple glycols, hy- 
droxyl bearing polyethers, castor 
oil, drying oils, and others are 
available. The number and distri- 
bution of functional groups pres- 
ent and the extent to which such 
reactants are linear or branched 
determines whether flexible, 
semirigid, or rigid polyurethanes 
are obtained. Isocyanates also re- 
act with water to produce amines, 
which can later copolymerize, and 
carbon dioxide gas; hence, these 
materials can act as their own 
blowing agents. “One-shot” or 
“prepolymer” foam-in-place for- 
mulations are available which 
will make rigid or flexible ureth- 
ane foams at room temperature. 
Possessed of toughness, ability to 
wet and adhere to surfaces, low 
shrinkage, low viscosity and 
good electrical properties, poly- 
urethanes afford protection 
against abrasion, water, solvents, 
low-temperature cracking, vibra- 
tion, and acceleration stresses. 
These materials are becoming in- 
creasingly useful in potting and 
encapsulation work. 

The epoxy resins, in general 
use, are condensation products of 
epichlorohydrin with bisphenol- 
A or, less frequently, with other 
poly-hydroxyl-bearing aromatic 
and aliphatic materials. These 
compounds are available in a se- 
ries ranging from low-viscosity 
liquids to high-melting-point sol- 
ids. They are characterized by the 
presence of epoxy or oxirane 
groups and their curing or hard- 
ening to thermoset solids depends 
upon the capacity of this group 
to react with many different ma- 
terials. Hardeners or _ cross- 

nking agents for epoxies include 

om-temperature-curing ali- 
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Before you mold...in NYLON 
or other THERMOPLASTIC 


(polyethylene, styrene, etc.) 


consider the Sen services of 


BYRD 


LESS production time * LESS cost 


Skill and experience unified in a single 
dependable source for the three most 
important phases of production— 


MOLD DESIGN 
MOLD MAKING 
INJECTION MOLDING 


Result? SAVINGS . . in production 
headaches, time, money, mold main- 
tenance, handling and shipping! 
Typical exomples of BYRD 

nylon-molded parts 

2 decades of experience, 85 craftsmen, 
22,000 sq. feet, finest machinery, lat- 
est equipment, even a company-owned 
aircraft .. . AT YOUR SERVICE! 


Write today for de- 
scriptive bulletin; send 
prints for quotation 


plastics, L7UC, 2957 West 12th St., Erie, Pa. 


Phone: 3-1107 














IMPROVED PRODUCTS 
THROUGH IMPROVED SURFACE FINISHES 


Chromium plating adds superior finish and durability 
2 ae 


@ embossing rolls @ press plates 
@ molds @ casting drums 


@® press rams @ press platens 


write for Specialized information 


CHROMIUM CORPORATION OF AMERICA 


100 Park Avenue, New York 17, N. Y. 
PLANTS 
Waterbury Cleveland Chicago 


——\CRODON 
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2-cup Swirl Mixer 16-oz. Delicatessen Container 


Chili molds smart-looking custom containers—samples pictured 
here—as well as a wide variety of stock items. We handle com- 
plete jobs from design through intricate assembly. And we are 
just as interested in low volume as high volume orders. 


Are you looking for the right container in which to package your 
product? Then check with Chili! You'll discover it’s not just smart 


it’s economical, too. 
s os 
plastics, inc. 
Alton Dailey, Pres. 
2278 Westside Drive 


North Chili, New York > Tel.: Spencerport, LY 4-4940 


Injection Molding @ Assembly © Mold Design and Construction 


Check CHILI’s custom containers 
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Quality Nylon Slab Stock 
Nylon Rod 


Cin a wide range of stock sizes) 


CUSTOM 
INJECTION 
MOLDING 
of every type 


... press capacities 
from 4 to 200 ounces 


Send today for Price List R-5 


A. oR HYDE Co. GRENLOCH, NEW JERSEY 
ESTABLISHED 19 
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phatic polyamines and _heat- 
curing aromatic amines and acid 
anhydrides. Polymerization of 
epoxies with themselves or via 
hydroxyl groups (if present) can 
be initiated by catalysts such as 
boron trifluoride complexes, ter- 
tiary amines, and free alkalies. 

In all cases, addition polymer- 
izations are initiated and no by- 
products are formed. Epoxies may 
be formulated into a variety of 
rigid, flexible, foaming, or “syn- 
tactic foam” systems adaptable to 
diverse production _ situations. 
These materials exhibit low 
shrinkage during cure and excel- 
lent resistance to most solvents, 
chemicals, and water. Having good 
wetting properties, they are out- 
standing adhesives. Because of 
their good electrical properties, 
high mechanical strengths, out- 
standing chemical resistance and 
thermal stability, together with 
their versatility of formulation 
and ease of handling, epoxy sys- 
tems have a secure and expand- 
ing place in the field of impregna- 
tion and encapsulation. 


Fillers and solvents 


Basic resins frequently require 
further compounding with a vari- 
ety of fillers, diluents, flexibil- 
izers, foaming agents, and other 
materials, if optimum properties 
are to be obtained. 

Fillers: Precipitated or water- 
ground calcium carbonate, silica, 
titanium dioxide, zirconium oxide, 
aluminum powder, zirconium sili- 
cate, chopped glass, asbestos, tab- 
ular alumina, fused-quartz pow- 
der, mica powder, and other 
non-reacting materials unlikely 
to release water or evolve gas 
during processing are frequently 
incorporated in casting formula- 
tions. In addition to cutting costs, 
fillers serve several other func- 
tions. 

1) One of the most important of 
these functions is the reduction of 
the coefficient of thermal expan- 
sion of the casting material to ap- 
proach that of metal inserts. In 
this way, the setting-up of in- 
ternal stresses by the differential 
expansion and contraction of the 
metal and plastic parts is elimi- 
nated and damage to delicate de- 
vices or cracking of the plastic is 
avoided. In general, the extent of 
reduction of the coefficient will 
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Saat molders exclusively, with press capacity 
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APPLICATIONS REQUIRING SPECIAL 
THERMOSETTING MATERIALS 


@ SILICONE 
MATERIALS 


@ FOR X-RAY 
OPACITY 


@ GLASS FILLED 
@ NITRILE RUBBER 
FILLED 


@ ORLON FILLED 


Write or for 


brochure describing our extensive 


phone illustrated 


facilitie- 


INSULATION MFG. 
COMPANY, Inc. 


11 New York Avenue 
Brooklyn 16, N. Y. 
NEvins 8-6633 
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depend upon the type and amount 
of filler The amount of 
filler that may be used depends, 
again, upon its type, its specific 
gravity, and its particle 
These factors influence the pro- 
pensity of the filler to settle out, 
causing stratification and result- 
ant variation of the coefficient 
throughout the casting. They also 
influence the extent to which the 
filler increases the viscosity of the 
system until it no longer flows 
into tiny interstices. For 
filler types, at least, optimum 
filler-particle sizes and shapes are 
said to exist. 


used. 


size. 


some 


2) Another important property 
of fillers in electrical applications 
is the capacity of the denser ma- 
terials to improve thermal con- 
ductivity, thus aiding in heat dis- 
sipation. 

3) Fillers harden cured sys- 
tems and improve their physical 
and electrical properties. Electri- 
cal grades of mica powder, for 
example, are useful for improving 
are resistance. 

4) Fillers can be used to impart 
color and enhance the appearance 
of components or to provide 
color-coding for easy identifica- 
tion. Pigments or dyes incorpo- 
rated in part of two- 
component potting systems can 
serve as an index of thorough 
mixing. 

5) Fillers are useful for modify- 
ing the flow characteristics of 
uncured systems. Thixotropic fill- 
ers such as Bentone 38 or Cab- 
O-Sil are available for the for- 
mulation of putty or paste-like 
compounds useful in encapsula- 
tion and sealing work. 

For impregnation, on the other 
hand, low-viscosity systems are 
desirable in order to eliminate 
voids which might lead to local- 
ized corona with resultant heating 
and degradation of the surround- 
ing resin. Increased fluidity is also 
desirable to permit heavier load- 
ing with filler, and may be brought 
about by heating the system or 
by incorporating solvents or re- 
active diluents. Heating will 
shorten pot life and cause in- 
creased shrinkage due to thermal 
contraction. Solvents must be re- 
moved if degradation of final 
properties is to be avoided—a 
difficult process and one leading 
to excessive shrinkage. Reactive 
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HAMMOND 
WORLD GLOBE 
(inflatable) 


HEAT-SEALED 
“THERMO BAG”’ 


CRASH-PROOF AUTOMOBILE SUN VISOR 


PETERSON DIES 


ELECTRONIC 
SEALING DIES 


e That’s what the leaders in 
plastic fabricating say about 
Peterson Electronic Sealing Dies 
...- Automatic Devices . .. Auto- 
matic Indexing and Feeding 
Equipment. 


e Merely give Peterson the prob- 
lem. We work from your blue- 
prints ... or your ideas... to 
create the equipment to do the 
job you want done... better, 
cheaper, faster. 
Second generation of die makers: 

Designers, Engineers & Manufacturers 


A.W. PETERSON & SON 
DIE COMPANY, INC. 


131 PRINCE STREET 
NEW YORK, NEW YORK 
SPring 7-6324 
Mii. 9S a 
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produced by AMOS 


STRONG—won't dent, buckle, rust 
LIGHTWEIGHT — watertight when 
closed, it floats 
SMOOTH — won't snag or cut, easy 
to keep clean 
Molded for COLORFUL— won't chip, fade, craze 
Stratton-Terstegge Co. 

Louisville, Ky. SMART—crisp, modern styling 
Polyethylene trays are impervious to 
corrosive action of artificial lures. 
Flexible handle is extruded polyeth- 


O ylene and lock is linear polyethylene. 


* Let Amos conversion to plastics give your product 
the instant appeal that spells more sales. Without obli- 
gation, Amos design engineers will be glad to review 
your product in terms of today’s vastly improved mate- 
tials and methods. Amos is staffed and equipped to do 
the complete job, from idea stage clear through to 
final finishing. Write, wire or phone: 


Amos Molded Plastics, Dept. MPE-98, Edinburg, Indiana 


Offices : Chicago, Dayton, O., Detroit, New York City, Philadelphia, 
Kansas City, Mo., Roanoke, Va., Springfield, Mass. 
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¢ DESIGNERS and BUILDERS - 


Our new Plant fully equipped with modern Ma- 
chinery and backed by years of Experience in De- 
signing and Building of Molds is at your service. 





CHICAGO MOLD ENGINEERING CO. 
INCORPORATED 
4141 WASHINGTON BLVD., HILLSIDE, ILL. 


Telephone: 
Linden 4-28652 














custom—|INJECTION — mo.tpine 


Since 1936 


e MODELS e MOLDS e PRODUCTION 
e DEVELOPMENT 


ENGINEERING 


e FABRICATION 
OPERATIONS 


Molders of all thermoplastics including 
NYLON IMPLEX 
CYCOLAC POLYETHYLENES 
DELRIN STYRENES 


Lower cost tooling 
with our 


“STOCK MOLD SYSTEM”’ 


KEOLYN PLASTICS, 1<. 


2729 N. PULASKI RD. 


CHICAGO 339, ILLINOIS 











diluents such as butyl glycidy] 
ether, phenyl glycidyl ether, ally] 
glycidyl ether, styrene oxide, and 
octylene oxide used in epoxy sys- 
tems probably provide the best 
answer. They must be used spar- 
ingly, however, if final properties 
are not to be degraded and 
shrinkage is to be minimized. An- 
other complication is the propen- 
sity of these low-molecular- 
weight materials to evaporate 
under vacuum. Lower - vapor- 
pressure, reactive diluents such 
as butanediol diglycidyl ether 
should be helpful in such in- 
stances. 


Fiexibilizers 


Besides the modifications men- 
tioned, basic potting and encapsu- 
lation systems can be further for- 
mulated by the incorporation of 
polysulfides, polyamides, or other 
flexibilizers and plasticizers to 
produce flexible final products. 
Such flexible systems are useful 
in the electrical field to absorb 
and distribute stresses due to 
shrinkage during cure or to ther- 
mal cycling. They also provide 
excellent protection for strain- 
sensitive components and delicate 
parts. 

Foam formulations are also 
available for these purposes and 
for use in situations where weight 
is at a premium, as in aircraft ap- 
plications. All’ of the basic resin 
types mentioned ean be used in 
foam formulations either by add- 
ing tiny nitrogen-filled phenolic 
or urea-formaldehyde spheres as 
a filler to give low-density mate- 
rials, or by incorporating a chem- 
ical blowing agent. In this latter 
case, the principle involved is 
simple: heat or a chemical reac- 
tion decomposes the blowing 
agent with the evolution of an 
inert gas and consequent foam- 
ing. In practice, however, the del- 
icate balancing of several sensi- 
tive variables is involved. 


Molds and mold release agents 

For proper impregnation and a 
solid potting job, liquid, long-pot- 
life, highly adhesive potting for- 
mulations are desirable. These 
necessitate the use of molds of 
some type, and the long cure 
schedules associated with such 
materials require the use of many 
reusable molds, if such are em- 
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make us 
your dependable 


source for 


EXTRUDED 
PLASTICS 


Designing, Engineering, Die Making 
and Precision Production to your exact 
specifications, of: 

VINYLS * ACETATES * 
BUTYRATES * POLYSTYRENES 
POLYETHYLENE * ETHYL CELLULOSE 
in rigid and flexible shapes. Serving 


ACRYLICS 


the sign, lighting, refrigeration, auto- 
motive and many other industries. 
Producers of highest quality extrusions 
since 1939. 


PLASTEX 
PIPE 


Famous Plastex 
Pipe and Fittings in 
sizes from 2” to 
6". Flexible Poly- 
ethylene Pipe in 
lengths to 600’ — 


insert-type Nylon and Styrene Fittings. 


eee 


Semi-Rigid Kralastic Pipe in 10’ and 
20’ lengths — sleeve-type Kralastic 
fittings (for solvent-weld coupling). 


For complete information, write 


PLASTEX 


THE PLASTEX COMPANY 


Dept. M, 3232 Cleveland Ave 
Columbus, Ohio 


ployed, for high production rates. 
An additional complication is the 
application of mold release agents 
in order to permit separation of 
the finished component. In terms 
of basic cost, usage, and mainte- 
nance, molds may represent the 
most expensive factor in pottting 
and encapsulation operations. 

In general, simplicity is the key 
to cutting costs. Work has been 
done with internally heated and 
cooled multicavity molds; modi- 
fied transfer-type molds have 
also been designed to produce 
fully impregnated precision pot- 
tings with virtually no shrinkage. 
Where possible, however, the part 
to be impregnated should be 
adapted to simple molding pro- 
cedures and mold over-design 
should be avoided. A one-part 
mold equipped with an ejection 
pin, for instance, is better than a 
multipart mold that must be torn 
down. Especially effective, of 
course, is the potting of compo- 
nents in integral molds which be- 
come part of the finished unit and 
require no release agents, strip- 
ping fixtures, cut-off fixtures, or 
other special tools. 

Other alternatives to expensive 
individual metal molds include 
plastic molds, flexible molds, or 
low-melting alloy molds made by 
the “dip” or “spray” method. 
Epoxy formulations, because of 
their low shrinkage and rigidity, 
are among the best of the many 
plastics that can be used for mold 
making. Plastisols and rubbers 
are suitable for flexible molds, but 
compatability with the resin sys- 
tems must be checked. Neoprene 
rubber molds may be made by 
pressing a metal pattern into a 
stack of uncured sheets and cur- 
ing under heat and pressure; 
some of the silicone rubbers may 
be satisfactorily used for molds 
which will withstand repeated 
cycling at relatively high curing 
temperatures. Low-melting-alloy 
molds can be made by dipping a 
well-polished male master die 

into the molten alloy. The alloy 
loses heat to the master die and 
solidifies into a shell which is its 
exact female counterpart. The 
mold is removed while still warm 
and the die is cooled again to be- 
gin the next cycle. Multipart 
molds have been successfully 
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ENGINEERING SERVICE AVAILABLE 
WITHOUT OBLIGATION 
WE INVITE YOUR INQUIRIES 


BLACKH AW K 
MOLDING CO., INC. 


ADDISON, ILLINOIS 











INJECTION - COMPRESSION 
TRANSFER - FIBERGLASS 


DESIGN 
DIE MAKING 
FINISHING 
ASSEMBLY 


Each day thousands of precision parts, destined for 
the best names in industrial America, pour from a bat- 
tery of 22 modern molding machines. 


Whether you require five fiberglass truck bodies or 
five million precise nylon gears, your inquiry will re- 
ceive our sound engineering advice and prompt quotation, 


A resident Ordnance Inspector’s office in our plant, 
and years of experience in exacting Defense Work assures 
our customers of satisfaction if Government Specifica- 
tions are involved. 


Contact our Sales Office nearest you or write direct. 
Names you trust—trust Perry Plastics. 


SALES OFFICES: Ed. Linhart and Son, P.O. Box 366, Hershey, Pennsylvania 
Earl M. Hovey and Associates, 4346 N. Woodward, Royal Oak, Michigan 
Small Parts Manufacturers Co., 16 Edgewood Dr., 


Barrington, Rhode Island 


PERRY 
PLASTICS, INC. 


ERIE, PENNSYLVANIA 





can be made by using an easily 
worked and removable substance. 
i.e., soap or wax, for the proto- 
type and spraying on the molten 
alloy. The prototype is melted out, 
the component is potted and 
cured, and the alloy is remelted 
for use again. 

Except in the cases of integral 
and “self-releasing” molds, i.e., 
molds made of substances which 
will not permit adhesion of the 
particular potting compound be- 
ing used, mold release agents are 
required. Mold release agents ad- 
here to the mold but present a 
non-adhering surface to the resin. 
Paste or wax-type mold releases 
may require hand polishing if 
they are used on irregular molds: 
with liquid release agents, how- 
ever, dipping or spraying methods 
may be used. The active diisocy- 
anates react even with silicone 
greases and oils; hence, paraffin 
wax must be used to effect release 
of polyurethanes. Polyester and 
epoxy systems will be released 
from surfaces of Teflon, silicones, 
certain waxes (such as Car- 
nauba) and greases, and plasti- 
cized vinyl or synthetic rubber. 


Techniques and equipment 
Components may frequently be 
successfully potted and encapsu- 
lated by heating them in the mold 
to remove moisture, permitting 
them to cool, pouring in resin, 
and allowing an hour or two for 
penetration before cure and post- 
cure. More sophisticated tech- 
niques are sometimes required if 
bubble-free and void-free cast- 
ings and complete penetration are 
to be attained—particularly where 
dense structures are to be pene- 
trated. In such cases, vacuum may 
be applied to remove dissolved 
gases and air bubbles from the 
resin and air entrapped within the 
component; pressure may subse- 
quently be applied to force the 
resin into the less accessible parts 
of the component and to com- 
press any air bubbles remaining 
in the resin. Vibrat'on techniques 
have been employed to control 
the thickness of resin coatings on 
small components, to improve 
their appearance by eliminating 
bubbles, and to increase filling 
rates when casting without vac- 
uum. The use of ultrasonic energy 
for the deep and rapid penetra- 
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FABRICATION 


CONSOLIDATED MOLDED PRODUCTS CORPORATION 


SCRANTON 2, PA. 





COOK 4ets the pace 
FOR QUICK DELIVERY 
of Sample molds FOR PILOT RUNS 


Quick Service for Sample Molds 
Cook Creations Are Fairly Priced 
Complete Designing and Production Facilities 
Experts In Transfer, Compression, and Injection Molds 
Experienced Engineering Department 
Precision Workmanship On Intricate, Small, Or Medium Molds 


The Better the Mold—the Better the Quality—and Higher 
Rate of Production and the Lower Price per piece. The 
Merit of all Cook Molds is in our sincerity of purpose to 
do everything humanly possible to manufacture the best 
Molds in their respective fields to our customer’s complete 
satisfaction. 








WRITE FOR COMPLETE INFORMATION AND CATALOG 


LAWRENCE H. COOK, ie 


65 Massasoit Avenue, East Prov., R. I. 
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AVAILABLE FROM STOCK MOLDS, OR 
CUSTOM MOLDED TO YOUR OWN DESIGN 


Huge selection of shapes, sizes and colors available from 
stock molds. No tool charge, fast delivery. Can be modified 
or supplied with special shaft holes at nominal cost, Mark- 
ings can be branded to specifications. Special knobs can be 
custom-molded to your own design. Send for free catalog. 


Complete Custom Moiding Service 


ROGAN BROTHERS 
8031 N. Monticello Ave., Skokie, Illinois 





tion of coil windings has received 
attention. Centrifugal pressure has 
been economically and success- 
fully used to force resin through 
fine wire coils and continued dur- 
ing cure where parts of critical 
mechanical and electrical proper- 
ties were required. 

For high-production compo- 
nents, automatic equipment can 
reduce costs. Vacuum casting 
units are available, as are units 
for mixing, metering, and dis- 
pensing resin. Mold-stripping fix- 
tures—simple arbor presses or 
air-activated mechanisms — may 
be used in conjunction with auto- 
matic feeding and positioning 
equipment for efficient large- 
volume operation. Tools for cut- 
ting off the rough sides of 
parts (rotary cut-off wheels or 
diamond-tipped cutting edges for 
the smooth cutting of abrasive 
silica-filled compounds) and mold 
cleaning equipment (spraying fix- 
tures, dipping fixtures, and blast- 
ing apparatus) are available. For 
curing, conveyor-belt ovens pro- 
vide more uniform heat and more 
constant cure cycles than batch 
ovens; with electrically-heated or 
steam-heated circulating air and 
mesh or roller-type belts, they 
cure components evenly. 

The potting and encapsulation 
of electrical components is not a 
static field. Continued develop- 
ment of new resins, improvements 
in formulating potting compounds 
from them, evolution of increas- 
ingly efficient handling techniques 
and equipment, and the proven 
worth of potting and encapsula- 
tion in the manufacture of better 
electrical devices insure that this 
field will expand. 
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to plastic packaging 
and plastic packaging 
materials suppliers: 


Can you answer 
these 4 questions 


Q. What's the most effective magazine 
for advertising to men who buy pack- 
aging supplies? 

A. Judged by the votes of the men 
who should know best—the compa- 
nies and advertising agencies who 
back their opinions with advertising 
appropriations—Modern Packaging is 
far and away the most powerful and 
influential medium. In 1957, Modern 
Packaging carried the advertising of 
83% more packaging suppliers than 
the second-place publication! 


Q. Which packaging magazine pro- 
vides the greatest amount of helpful 
editorial material and how-to-do-it 
information for its subscribers? 

A. Modern Packaging routinely car- 
ries more than twice as many pages 
of editorial material as any of the 
other publications in the packaging 
field. 


Q. Which packaging magazine pre- 
sents the greatest volume of advertis- 
ing? 

A. In 1957 Modern Packaging car- 
ried 2,184 pages of advertising as 
against 1,058 for the second place 
publication. 


Q. Which magazine do buyers of 
packaging find most useful? 

A. At the 1958 Packaging Machinery 
& Materials Exposition, an independ- 
ently conducted survey of exposition 
visitors showed that Modern Packag- 
ing was voted “most useful” by a 
4-to-1 ratio over the second-ranking 
periodical, 

_—_—— 

If you make anything that pack- 
agers buy, you'll want to know more 
about Modern Packaging as an ad- 
vertising medium: whom it reaches, 
how it stimulates buying action, how 
much it costs to deliver your sales 
messages in it. Just write to Adver- 
ising Department, Modern Packag- 
ing magazine, 578 Madison Avenue, 
New York 22, N. Y. 














THEMOSETS, LIQUID AND CAST 


by J. H. Saunders, Technical 
Papers Vol. IV, 843, S.P.E. (1958). 

“Room temperature setting, heat 
resistant, low density silicone 
foams,” by D. E. Weyer, Techni- 
cal Papers Vol. IV, 885, S.P.E. 
(1958). 

“Material handling of epoxy and 
polyester resins,” by Walter A. 
Gammel, Sr., Technical Papers 
Vol. IV, 109, S.P.E. (1958). 

“Manufacturing considerations 
associated with embedment, pot- 
ting, and encapsulation processes,” 
by C. A. Harper, Technical Papers 
Vol. III, 572, S.P.E. (1957). 

“Development of a potting com- 
pound and mold for precision pot- 
ting,” by William H. Candell, 
Technical Papers Vol. II, 17, 
S.P.E. (1956). 


THERMOSETS, 
LIQUID AND CAST 


BY MAX HILRICH* 





As used today in many indus- 
tries, thermosetting casting com- 
pounds fall into two major sub- 
divisions. 

The first group consists of ther- 
mosets supplied as finished cast- 
ings of various shapes. These 
shapes can be easily fabricated 
into various kinds of consumer 
items and industrial parts. In this 
group, the phenolic resins stand 
out. This is largely the result of 
the wide diversity of colors and 
effects available with cast phe- 
nolics to supplement the desirable 
physical properties of the mate- 
rial. The many decorative appli- 
cations for phenolics attest to this 
fact. 

The second group includes 
those resins supplied as liquids 
which can vary widely in vis- 
cosity, which are available either 
filled or unfilled, and which can 
be formulated to suit numerous 
end uses. These are used for 
casting and laminating in many 
ways; to make plastic tools and 
dies for forming metals and plas- 
tics; as laminates and gel coats 
combined with fibrous glass and 
other materials to make rein- 
forced plastics products; as pot- 
ting and impregnating materials 
for electrical and_ electronic 
* Research director, The Marblette Corp., 


37-31 Thirtieth St., Long Island City, N. \ 
References were prepared by the editors 





SHEFFIELD PLASTICS 
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SPECIAL SHAPES, 
SHEETS, TUBES, RODS 


made with 


® Acrylic 


®@ Polyethylene 


© Acetate ®@ Butyrate 
®@ Rigid Vinyl 
® Regular & Impact Polystyrene 


for such uses as 


Fluorescent lighting diffusers & pans, molding 
& strapping, pen & pencil barrels, door & 
window channels, sliding door track, electrical 
components, decorative trim & edging, re- 
frigerator breaker strips, store displays, 
panels, supports, hangers, housings, auvtomo- 
bile visors. 


When You Call Sheffield You Get... 
@ PRODUCT & MATERIALS RESEARCH 


The source of Sheffield's new and improved 
materials and techniques, that have made 
possible new products and new designs for 
many customers 


@ SKILLED ENGINEERING & DESIGN HELP 


Sheffield engineers have long experience in 
port design, materials selection. Their 
knowledge helps minimize your ports cost, 
improve product quality. 


@ PRECISION TOLERANCES 


Experienced extrusion operators and Shef 
field quality control make possible the pro- 
duction of rigid extrusions to meet your 
most exacting specifications. 


@ PROMPT DELIVERY 


Sheffield is one of the largest custom ex- 
truders, yet our operation is highly flexible 
—to meet any sudden or unusual customer 
demands. 


WRITE FOR COMPLETE DETAILS 


to Sheffield Plastics Inc., Section §4-1B 
Sheffield, Mass. 


SHEFFIELD PLASTIC 
INC. 
SHEFFIELD, MASS 








FOR HANDLES 


PLAIN + FLUTED - TWISTED 
RODS - TUBES - BARS 


FOR SIGNS — PACKAGING — DISPLAY — SHELVING — 
CONSTRI CTION— DECORATIVE TRIM 
GA se / 


ROTUBA EXTRUDED PLASTICS ARE COLORFUL 
LIGHTWEIGHT * DURABLE - ECONOMICAL +» FUNCTIONAL 





FOR REDUCED FRICTION - CORROSION RESISTANCE 
ELECTRICAL & THERMAL INSULATION - RIGID VINYL 
WIREWAYS ~~ BUS BAR HOUSING CONDUCTORS 

YMA: COPPER INSERTS ~ 
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The ROTUBA EXTRUDERS, Inc. 


440.88th STREET « BROOKLYN 9- NEW YORK e SHORE ROAD 8-5458 





equipment; as paints and var- 
nishes for protective and mainte- 
nance uses; as adhesives for 
many bonding and sealing appli- 
cations; as splining compounds 
for repairing plastic, wood, or 
metal; and for a diversity of 
other special uses. 

While liquid resins in wide- 
spread use include phenolics and 
polyesters, the epoxy resins have 
outpaced the others in most ap- 
plications. Their quick acceptance 
and rapid growth in many indus- 
trial fields have been based on 
their versatility and their excep- 
tional range of advantageous 
characteristics. 


Phenolic castings 


Whether supplied as _ liquid 
resins for casting by an industrial 
processor, or furnished in cast 
form, phenolics begin in the lab- 
oratory as formulations of phenol 
and formaldehyde. These are 
compounded in huge kettles from 
14 to 18 hr., during which time 
condensation occurs at high heat, 
and excess moisture is removed 
by vacuum distillation. 

Emerging from the kettles as 
a sirup, the resins are then 
poured into heated lead molds. 
Polymerization is ordinarily ac- 
complished by an oven cure. The 
resultant castings come in many 
standard shapes, e.g., rods, sheets, 
slabs, cylinders, and tubes. Spe- 
cial molds may be used to pro- 
vide cast phenolics in shapes 
closely approximating that of the 
desired end-product. Finishing 
involves only removal of any flash 
that may exist, cutting out re- 
quired openings which cannot be 
readily formed by casting, and 
final ashing or polishing. 

The standard shapes are readily 
machined with standard tools for 
slicing, sawing, cutting, grinding. 
drilling, and tapping. In many 
instances, small and simple pieces 
are finished by tumbling. Other 
castings may be lapped, sanded, 
rouged, or buffed. 

Phenolic castings are hard and 
rigid, with good resistance to 
acids, fungi, combustion, and 
temperature extremes. They come 
in varying degrees of opacity or 
translucency, in colors from pas- 
tel to dark shades, and with spe- 
cial effects such as mottling [o! 


close simulation of marble, jade, 
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stag. amber, and other materials 
with visual attractiveness. They 
are therefore popular not only for 
producing industrial components 
(e.g.. machine housings) but also 
for such attractive consumer 
products as costume jewelry, 
umbrella and cutlery handles, 
brush backs, radio cabinets, 
trophy bases, cigarette holders, 
ornamental bottle tops, cigarette 
lighters, poker chips, dice, juke 
box panels, toys, and novelties. 

The “do-it-yourself” vogue 
has also expanded the uses of 
cast phenolics. Hobbyists and 
home crafters purchase the cast- 
ings to make them into articles 
ranging from simple paperweights 
and lamp bases to elaborately 
contoured jewel boxes and other 
sculptured pieces. 


Casting resins 

Furnished as liquids for cast- 
ing, phenolic resins have long 
shelf life when stored in un- 
opened containers in cold rooms. 
When ready for use, they are 
brought to normal room tempera- 
ture. They are solidified in molds 
of various materials after blend- 
ing either manually or mechani- 
cally at low speed, in an 
acid-resistant container, with a 
chemically active hardener. Poly- 
merization is usually attained by 
controlled heating ranging from 
a few hours to several days. 
However, setting may be achieved 
with room-temperature cures or 
time-saving combinations of 
room-cure and oven-cure. 

Polyester resins used for cast- 
ing are most often comparatively 
thin liquids, frequently custom- 
formulated to fit specific end- 
requirements. Also available are 
filled polyester resins which come 
in thicker forms, resembling bat- 
ter, for pouring into molds. Some 
polyester compounds can be 
cured catalytically without ap- 
plying heat. Generally, however, 
baking is done in a closed mold 
to avoid contact with air during 
the cure, which may cause sur- 
face softness. 

Epoxy resins range from fairly 
thin liquids to compounds of vir- 
tually semisolid consistency. They 
olten exceed the other casting 
resins in producing castings with 
low shrinkage, dimensional sta- 


diity, and high resistance to heat 
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What Ul You Hawe? 


POLYETHYLENE OR VINYL IN ONE OF 
OVER 700 STOCK DIE SHAPES OR 


TO YOUR OWN DESIGN 


BINDINGS? 


We manufacture famous Tourex® Vinyl 
Binding, used for luggage and as trim 
for metal desks and office furniture. 


BICYCLE 
PEDAL 
INSERTS? 


Ls 


VINYL 
PROFILES 
FOR ALUMINUM 
SHAPES? 
MYLAR¢® OR MULTICOLOR 
STRIPES? __— 


on Sheets 


or Sha pes? 


All these and many more shapes are extruded to pre- 
cise specifications by our skilled technicians and engi- 
neers. For development projects, volume requirements 
or if you have a difficult application problem, contact us 
today and let us show you how to solve it to your 
complete satisfaction. 


1 Trade Mark 


‘Waljohn PLASTICS, INC. 


440-88th STREET « BROOKLYN 9, NEW YORK e SHORE ROAD 8.0300 


Affiliated with The Rotuba Extruders. Inc Mfr. of Rigid Plastic Extrusions 
and Maridon Mfg. Corp Mfr. of Injection Molded Plastics 








RECTO 


Injection - Compression - 
Transfer Molding 
of PLASTICS Séxce 7920 


Plastic products are developed from 
idea to completed product by RECTO 


7 
MOLDS MADE IN 
OUR OWN PLANT 














RECTO MOLDED PRODUCTS, INC. 


Custom Molders of Plastics Since 1920 


CINCINNATI 9, OHIO Phone: MElrose 1-6862 





THIS SYMBOL ON YOUR PRODUCT MEANS 


5 5 0 \ 


HAS MOLDED & FINISHED YOUR PRODUCT 
WITH CAREFUL ATTENTION TO-ALL 
DETAILS OF YOUR.- SPECIFICATIONS 

AT THE LOWEST POSSIBLE COST 


CUSTOM PLUS YEARS OF KNOW 


MOLDERS OF ALL HOW & A MODERN 
THERMOSETTING COMPOUNDS — TOOL ROOM 


PHENOLICS, MELAMINES, UREAS & ALKYDS 





and acids. Other attributes of 
epoxy resins include strength, 
rigidity, resistance to wear and 
abrasion, and ability to withstand 
the effects of most chemicals and 
contaminants. Epoxy castings are 
also notable in their resistance to 
crazing, chipping, and cracking, 
even in hard and consistent use. 

Constantly growing demand for 
epoxy casting resins has spurred 
progress in special formulations 
with additional advantageous 
properties. There are now on the 
market rubber-like resins cast- 
able in a wide gamut of hard- 
nesses—from the flexibility of 
plastisol to the toughness of hard 
rubber; lead-filled resins for 
high-density casting, especially 
useful as a barrier against radia- 
tion; resins that can be cast and 
then carved as readily as wood 
with standard hand tools; and 
resins with extraordinary heat 
resistance. Epoxy alloys, in which 
the advantages of an epoxy base 
are supplemented by reinforce- 
ment with metal fibers, are gain- 
ing interest and acceptance, par- 
ticularly for mass castings and for 
applications requiring exceptional 
impact strength and thermal con- 
ductivity. 

There are exceptional cases in 
which end-requirements dictate a 
heat-cure for epoxy castings. 
Generally, however, most epoxy 
resins are polymerized at room 
temperature with the aid of a 
noncorrosive chemical hardener. 
There is a growing tendency for 
suppliers to offer epoxy resins 
prepackaged with the requisite 
quantity of an appropriate cata- 
lyst to simplify curing. 


Tooling 


The major methods of using 
thermosetting resins for creating 
plastics tools and dies for both 
plastics-forming . and _ metal- 
forming are casting or laminating 
or variations involving both pro- 
cedures. 

Epoxy resins are the most fre- 
quently used materials in plastics 
tooling. However, tools may be 
constructed of several types of 
resins as well as a single resin, 
or they can be made by com- 
bining plastics with other mate- 
rials. The impact-strength of 
epoxy resins encourages thei! 
being used as facings for com- 
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® Housed in this imposing new ARTAG building is a spa- 
cious, modern plant specializing, as ARTAG always has, in 
volume production of custom precision injection moldings. 


Here you may view the complete engineering and tool- 
room facilities, plus an impressive quantity of injection- 
molding equipment permitting large volume production of 
precision parts utilizing all types of thermoplastic materials. 


However intricate your plastics problem, chances are 
that ARTAG,with more than 24 years of experience in the 
plastics field, has the answer. 


ARTAG PLASTICS CORPOPRAT/ON 


complete facilities for injection molding of all thermoplastic materials 


2853 IRVING PARK ROAD ¢ CHICAGO /8, ILLINO/S « KEYSTONE 9-48/0 











Custom Molders of THERMO-SET compounds 


PHENOLICS Resistance to heat coupled with high im- 
pact. 


MELAMINES Resistance to heat, electric arc tracking, 
abrasion and extremes of temperature. 


POLYESTERS Resistance to solvents, heat and combus- 
tion coupled with good electrical proper- 
ties. 


SILICONES Excellent stability at 600° F. coupled with 
good electrical properties. 


EPOXIES Heat and chemical resistance coupled with 
excellent electrical properties. 


lf your requirements involve the above 
specifications, write for further information. 





Thermesetting Plastics 
ENGINEERING CORPORATION 
3447 HOWARD STREET Telephone ORchard 3-1050 
SKOKIE, ILLINOIS 











EQUIPMEN® 
ENGINEER; 


INGENUIT# 


adds up to the finest in 


THERMO-PLASTIC SHEET MOLDING 


for your product! 


Ask about our CAP-LEX and VI-LEX sheet 
materials, embossed and weoed grains, 
featuring outstanding...physital properties. 
Try our sample services. 

By all means, get ovr quotatiogs. It's good 
business’, . . it’s plastic by, ness... it's 
our business... . our only business 


P. ©. Box 5153 
LANSING, MICHIGAN 





posite forms which may have a 
core made from a low-cost mate- 
rial specifically intended for 
bulk-mass casting, or from phe- 
nolic or other plastics foams. 
Phenolic foam cores are often 
used to reduce cost and weight 
in epoxy hand hammer forms that 
are built for developmental work 
and for prototype production. 
Drop hammer punches have been 
made by casting a resilient epoxy 
facing over a lead alloy body. A 
face made of a laminate built up 
with a gel coat is frequently 
used in constructing tools with 
complex contours or those in- 
tended for heavy duty and com- 
paratively long runs. Metal-filled 
epoxy alloys are also used for 
such tools. Another common 
practice is to place metal inserts 
at points subject to particular 
stress. 

Greatest strides in utilization 
of plastics tools and dies have 
been made in the automotive, air- 
craft, and appliance industries. 
One major reason is that these 
industries frequently require de- 
sign changes, which would make 
conventional tooling prohibitively 
expensive. By contrast, phenclic 
and epoxy tools and dies can be 
quickly made to test a design. 
They can be replaced by a per- 
manent tool after the design has 
been established, although newer 
high-strength epoxies lend them- 
selves to actual production runs 
of fairly long duration. When 
revision or repair becomes nec- 
essary, these plastics tools can 
be recast easily and quickly or 
can be changed or refaced simply 
by adding or chipping away ma- 
terial, with a minimum amount 
of interruption during production 
operations. 

Plastics jigs, fixtures, gages, 
holding tools, draw and stretch 
dies, rubber press forms, hydro- 
forming dies, and other tools 
made by casting and laminating 
have become standard in the 
metal-forming industries. They 
often mean materials savings, and 
almost invariably mean savings 
in man-hours and equipment in- 
vestment as compared to the re- 
quirements for machined metal 
and wood tools and dies. Lead 
time is reduced, finishing is vir- 
tually eliminated, handling is 
simpler because of light weight, 
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d storage is facilitated since 
there is no rust or corrosion 
hazard. 

Similar reasons have led to 
the increasing use of plastics 
patterns, match plates, core boxes, 
and core prints in the foundry 
industry. Foundry acceptance of 
plastics has increased since the 
introduction of improved epoxy 
resins capable of providing tools 
that can stand up to blowers and 
slingers. 

In the basic casting procedures 
for fabricating plastics tools and 
dies, many types of molds are 
used. The choice of mold depends 
largely on the chemical make-up 
of the casting resin to be used, 
as well as the size and contour 
of the form to be cast. 

A standard method begins with 
the casting of a plaster mold from 
a model, built up for sufficient 
thickness to assure required 
strength. The inside of the mold 
may be treated with a sealant 
and waxed. A parting agent is 
applied, and the liquid resin 
poured into the cavity. After 
curing, the casting is easily re- 
moved from the mold. It has a 
smooth surface that ordinarily 
requires little or no finishing be- 
fore the cast tool can be put to 
work. 


Laminate tools are frequently 


built by laying successive thick- f é HOW 
nesses of plastics resin and a ‘ 

reinforcing material onto a mas- IT WORKS 
ter form. To a growing degree, 


APPLICATION? 


° 
epoxy production molds are being eee for Textile and 


used as reproducing forms for 


+ * 
reinforced plastics applications. Plastics Processing 


Reinforced plastics A small tension change positions the actuator shaft 

Reinforced plastics applications so as to call for motor speed change to restore pre- 
developed from the cast thermo- set tension. Thus a constant linear feet per minute 
sets include production inter- windup may be achieved even though the radius of 


n dia >< 4 striz . “chi- ° . . 
tediates, industrial and arch takeup roll increases with each turn to otherwise 
tectural components, and finished 


pondate, ‘Ts thaemesditien wee increase linear speed versus radius build-up. Speed 
ins most frequently combined is now made proportional to position of dancer 
with reinforcing fibers and fillers roll and tension is held essentially constant, as is the 
are the polyester resins and the linear rate of material travel. 


epoxy resins. ° 
etlieea sibilities Deen aii, These and other models of electronic motor speed control 


superior steenath end durshdlity systems available from 1/50th to 2 horsepower. 
range from comparatively small WRITE 

objects, such as luggage, to boats, 
automobile bodies, and _ large 
swimming pools. Reinforced plas- 
tics tools have evidenced their 


value in the manufacture of 4 Godwin Ave Paterson. N. J 
items demanding exceptionally 
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e@ ENGINEERING & DESIGN SERVICE 
@ MODERN PRODUCTION FACILITIES 
e TOOL & DIE MAKING DEPARTMENT 


quality - service - low cost 


Materials 
for any 
Application: 


POLYSTYRENES 
POLYETHYLENES 
VINYLS 

ETHYL CELLULOSE 
BUTYRATE 
ACRYLIC 

ACETATE 
KRALASTIC 
CYCOLAC 





assure you 





SEND FOR 
CATALOG 





custom 
extrusions 


for every 
purpose! 


CALL ANY OF THESE 
CRESCENT CUSTOM 
REPRESENTATIVES 

FOR FULL DETAILS .. . 


Kenneth J. Asam 

112 Dewitt Street 
Syracuse 3, New York 
Granite 4-4253 


William ©. Black 

804 S. Kenilworth Avenue 
Oak Park, Illinois 
Village 8-2626 


Cc. S$. Butler 
1009 First National Bank Bidg. 
Cincinnati 2, Ohio 


Mezey Agency, Inc. 
1701 Fisher Building 
Detroit, Michigan 
Trinity 3-2700 


William E. Sherwood 
Claremont Building 
2nd and Locust 
Evansville, Indiana 
Harrison 2-2514 


E. J. Volihaber 
1209 Arcade Street 
St. Paul, Minnesota 
Prospect 6-2757 


E. J. Edmunds 
101 N. Lexington Avenue 
Havertown, Pa 
Hilltop 6-6472 


CRESCENT PLASTICS, INC. 


955 Diamond Avenue 
Evansville, Ind., HA 5-3125 





close tolerances, among them jet 
radomes and wing tips for air- 
craft. 


Potting, coating, and adhesion 


High dielectric strength, heat 
resistance, and ability to form 
a secure bond with other mate- 
rials without adverse effect on 
these materials, are among the 
properties that have made epoxy 
and polyester resins so widely 
used in the manufacture of elec- 
trical and electronic products, 
parts, and assemblies. The choice 
of potting resin to be used is 
guided by service requirements. 

Epoxies have gained ground in 
this area because of their low 
shrinkage, ability to withstand 
chemicals and contaminants as 
well as moisture and temperature 
alterations, and effectiveness in 
protecting even highly delicate 
apparatus from shock and pres- 
sure. 

New resins specially developed 
for electronic applications form 
a hermetic seal impervious to 
moisture. They do not crack 
under stress or from fatigue. They 
resist water absorption even 
when condensation occurs, as 
under refrigeration. They can be 
cured quickly even when special 
thicknesses are demanded. 

Convenience in selection of 
application methods is a benefit 
that has accompanied the ex- 
panded commercial availability of 
resins specifically suited to elec- 
tronic uses. Many components, 
such as antennas, coils, windings, 
diodes, filters, and _ transistors, 
may be embedded or completely 
encased in a plastics block cast 
around them. Protection may also 
be achieved for electronic equip- 
ment by encapsulating, impreg- 
nation, dipping, or brush-coating. 
Epoxy resins now exist which can 
provide a tough coating by means 
of a single rapid dipping. 

Coating resins are among the 
constantly growing uses of ther- 
mosetting compounds, particu- 
larly the epoxy resins. These ad- 
here firmly to virtually all sur- 
faces, and now come in forms 
that give protection indoors and 
outdoors against heat, cold, fumes, 


fluids, 


moisture, caustics, and corrosives. 


acids, alkalies, solvents, 


They are provided as mainte- 
nance paints for machinery, pip- 
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ing, and steel and concrete struc- 
tures. They also come as clear 
varnishes which protect finely 
grained surfaces, such as on boats, P R ‘e) e R E S S 
without obscuring the surfaces’ eee 

attractive detail, and without 
discoloration. A notable use of 
epoxy coatings has been in latex 
dipping, where the resin serves 
to smooth the finish of metal pat- 
ee bom > in bringing solutions to chemical problems of 
during repeated immersion in hot manufacturers throughout the nation 

liquid. Metal-baking epoxy var- 
nishes are now available as If you are in doubt about plastisol or organisol 
single-component systems which applications to your specific needs (coatings, platings 
set on exposure to heat, without or actual production materials) a wire or letter 

need for a catalyst. Exposed to will bring prompt reply to your questions 
corrosive atmosphere at high 

temperatures, these form a tough without obligation, of course 

protective coating which resists 
abrasion and chipping. They are 
used as an undercoat for Kirk- 
site on plastics tools, and as a 
coating for appliances, metal cans 
and drums, hardware, and cos- 
metic containers. 

The ability of epoxy resins to 
adhere firmly to wood, metal, 
glass, ceramics, and other mate- 
rials, and to form a lasting bond 

ae ANN ARBOR, MICHIGAN 
even under adverse conditions, 
has led to progress in the devel- 
opment and use of epoxy ad- 
hesives. Many epoxy resins have 
a putty-like consistency and 
thixotropic action, for trowelling 
or splining evenly onto horizon- 
tal or vertical surfaces without 
run-off. Epoxy adhesives often 
solve joining problems. where 
conventional methods, such as 
welding or soldering, would not. 

Epoxy resins and other of the 
thermosetting plastics have many 
special uses including gasketing, 
casting as sturdy dies to stand up TECHNIQUE (F 
to high heat and pressure needed 
to thermoform plastics sheets, 


and i y , — « : 
others. Strides have been The plastic field is young and new and so 
made in formulating high-heat- are we of Lor-El; young, new and aware of a 
resistant epoxy resins, and low- = continuing surge of new types of plastics and 
i . : of advances in techniques and technology. 
viscosity resins intended for vac- 


? brs Lor-El’s technique is “understanding the 
uum-bag and contact-pressure plastics” —Each aie has its own Renteatione, 
laminating. Recent developments its own advantages, toughness—pliability 
with large potentials include hardness—coloring—flexibility and then cost. 
foam-in-pl d f Lor-El engineers will help you select the com- 

place and prefoam epoxy bination of advantages that will drive your 
compounds, product to the fore in a competitive market 
for they are technologically up to date. 


The progress of tomorrow is achieved through the bold 
imagination... thé meticulous planning of today 


Reynolds creative chemistry plays a vital role 


"Division of Stubnitz-Greene Corp."’ 








References ..- And then you may rest assured—for at 
Lor-El machines and equipment are available 
“Low-cost molds for short to meet exact production schedules. 


runs,” by A. M. Creighton, Jr., Then why not try us today? A telephone 
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Plastics Inc. 


1506 W. PIERCE ST., MILWAUKEE 46, WIS. 





Intricate Plastic Parts 
easily produced 


with BERYLLIUM COPPER 
PRESSURE CASTINGS 


by FEDERAL 


® Quality reproduction ... 
strict uniformity. 


® Multiple cavities . . . cores 
of intricate shape. 


® Raised characters. 
(Especially those that can’t 
be hobbed in steel) 


® Irregular parting lines... 
easily fitted. 


® Less down time . . . quick 
mold repair. 


e Corrosion resistant... 
long wearing. 

® Over 200,000 psi 
compressive strength. 


® Thermal conductivity twice 
that of steel. 
* Specializing in Helical Castings 


WRITE FOR ILLUSTRATED FOLDER— 


FEDERAL TOOL CORPORATION 


_. 3800 WEST PRATT BOULEVARD ¢ CHICAGO 45, ILLINOIS « U.S.A. | 


CHICAGO, CORNELIA 73060 © LONG DISTANCE, LINCOLNWOOD, ILLINOIS, ORCHARD 5-600 © WESTERN UNION-FAX 
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ON THE JOB EVERYWHERE IN INDUSTRY... 


TRANSPARENT — COLORLESS 


~ 


fe 
% 


a : INC si 


Consistently high quality... 
Clear ... durable... economical. 
34” to 6” O.D. 6 ft. and 20 ft. lengths. 


BUSADA BUTYRATE PIPE AND FITTINGS 


First choice of many of the nation’s leading firms 
because it’s easier to install, easier to inspect, won't 
corrode... speeds liquid flow. 


BEFORE YOU BUY, GET BUSADA’S QUOTATION 


MANUFACTURING 
CORPORATION 


58-99 Fifty Fourth Street, Maspeth 78, New York 
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EMBEDDING 
IN ACRYLICS 


BY A. J. SPILNER* 





A wide variety of specimens can 
be embedded in acrylic resins, 
provided that they can be dried 
and that the dried specimens do 
not inhibit polymerization of the 
monomer, are not attacked by the 
monomer, and can withstand nor- 
mal polymerization temperatures 
and pressures. 

Small portions of specimens 
should be carefully tested first 
before going ahead with the ac- 
tual embedment process. 

Metal specimens present special 
problems because they contract 
much less than the cured polymer 
in cooling from polymerization 
temperature to room temperature 
This thermal contraction differ- 
ential often results in cracking of 
the polymer. In addition, the 
polymer tends to part from the 
surface of the metal specimen, the 
void space giving a “silvered” ap- 
pearance in that area. Primarily 
for this reason, the maximum size 
of metal specimens which can be 
successfully embedded is quite 
limited. 

Adhesion to metal can be im- 
proved by sandblasting or other- 
wise roughening the surfaces of 
the specimen. Another approach 
to this problem is to use a mono- 
mer or combination of monomers 
which will cure to a softer poly- 
mer. 

Copper, and metals containing 
copper, act as inhibitors and pre- 
vent proper polymerization of 
acrylic monomers. Specimens 
made of or containing copper 
must therefore be coated to pre- 
vent actual contact between the 
copper and the monomer. Coat- 
ings of cellulose acetate, clear 
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Specializing Wim 
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MOLDING 


<a Whether your problem is in injection, 
VINYLS 


es - compression, transfer molding— 

: » or the construction of a first class 
LOW-LOSS P 
PHENOLICS mold—Albert Zollinger, Inc. offers 
the right solution. A complete 
custom molding service at 
competitive prices. 
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THE MARK OF QUALITY 


e Product Development 
e Custom Molding 
e Engineering 
e Tooling 














AUTOMATION SPECIALISTS 
HIGH VOLUME-LOW COST PRODUCTION 


@ COMPETENT @ 
@ EXPERIENCED @ 
@ DEPENDABLE @ 


Write or Phone 


KORRIS PRODUCTS, INC. 


4400 LAWNDALE AV. LYONS, ILL. LY 3-7300 











Over 12” x 18"...and 
over 10 pounds 

of phenolic 

and styrene — 


PRECISION MOLDED 
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Precision All The Way! That is the standard set by Titmus Opti- 
cal Co., Petersburg, Va.—world’s largest independent manufac- 
turer of ophthalmic lenses—for the molded components of the 
T/O Vision Tester. This precision instrument measures important 
functions of vision with speed and accuracy—for the vision 
specialist, industry, schools, the military, driver license examin- 
ers, and others. 


The large size and intricate relationship of the Vision Tester’s 
nine plastic components, most of them molded of grey phenolic, 
made this a most tricky and exacting job to tool and mold. 


Industrial met the challenge with fullest success. 


When you call on Industrial, your compression or injection 
molding job is in the hands of an organization experienced in 
this type of work since 1934. Every operation, from mold de- 
sign and manufacture to finishing and assembly, is coordinated 
to bring you the high-quality molded parts you want—when 
you want them. 


INDUSTRIAL 


Injection and Compression Molding 


short or experimental runs 


SERVICES 


CUSTOM | Hand Molding — an Industrial specialty for 


Mold Design and Building 
Fabricating, Finishing, Assembling 
Rigid Quality Control 


Write us about your molding requirements and problems 
. . for fast economical, completely satisfactory results. 
Industrial is known for service. 


Industrial Molded Pro 


uburb), Illir 10 


ducts Co., Inc. 


elephone: ROdney 3 





enamel, sodium silicate (“water- 
glass”), and polyvinyl alcoho! 
among others, may be helpful 
Other metals should be tested if 
there is any question of possible 
inhibiting effects. 

It is always desirable to embed 
a sample specimen to determine 
the above effects and the best 
curing conditions for specific 
types. 

Specimens to be embedded in 
acrylic resins should be dry. While 
it may be possible to embed some 
types of moist specimens (1, 2)', 
the moisture will tend to cause 
cloudiness in the finished embed- 
ment. 

The freeze-drying technique 
(3, 4, 5, 6) has been found useful 
in the preparation of pathological 
specimens where it is difficult to 
preserve both shape and color by 
other drying methods. 


Selection of the monomer 


Methyl methacrylate and ethyl 
methacrylate monomers form rel- 
atively hard polymers and should 
be used for embedding specimens 
which are for display purposes. 
Although higher priced, ethyl 
methacrylate has a higher boiling 
point than methyl methacrylate 
and is therefore somewhat less 
subject to bubbling during cure. 

Butyl methacrylate monomer 
forms a permanently soft polymer 
which is easily cut. It is preferred 
for embedding specimens which 
are to be sliced into thin sections. 

If methyl and ethyl methacryl- 
ate polymers are too hard and 
butyl methacrylate polymer too 
soft for the purpose intended, 
mixtures of these monomers can 
be polymerized to obtain almost 
any intermediate degree of hard- 
ness. When softer polymers are 
required, this method will gener- 
ally give better results than using 
plasticizers to soften methyl or 
ethyl methacrylates. 

The methacrylate monomers 
are flammable organic compounds 
with relatively low flash points. 
When handling them, adequate 
ventilation should be provided 
and open flames, static electricity, 
and other possible sources of 
sparks or flames should be elim- 
inated. 

The vapors of the methacrylat« 


1 Numbers in parentheses link to Special ret 
ences on p. 5 
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nonomers, like most organic solv- 
ents, are somewhat toxic (7, 8, 9, 
10) and precautions should be 
taken to avoid unnecessarily pro- 
longed exposure to them. Working 
areas should be well ventilated. 


Removal of inhibitors 


The methacrylate monomers as 
shipped contain hydroquinone as 
an inhibitor to prevent polymeri- 
zation during shipment and stor- 
age. Inhibited monomers will re- 
main liquid for at least two 
months at room temperature and 
longer periods under refrigera- 
tion. Although it is possible in 
many cases to counteract the ef- 
fect of the inhibitor by adding an 
excess of catalyst, hydroquinone 
imparts an objectionable yellow- 
ish color to the finished embed- 
ment and should be removed prior 
to polymerization. 

The inhibitor can be removed 
by washing the monomer with 20 
parts by weight of a 5% sodium 
hydroxide-20% sodium chloride 
solution per 100 parts of mono- 
mer. Stir or shake the mixture 
continuously for at least 10 min- 
utes to insure complete reaction 
between the hydroquinone and 
the caustic. Allow the mixture to 
separate into two layers, draining 
off the top (monomer) layer, 
then filtering it through coarse 
filter paper. Once the inhibitor 
has been removed, the monomer 
must be used promptly or stored 
at a temperature of 40° F. or less. 
Unless maintained at a sufficiently 
low temperature, uninhibited 
monomers may polymerize on 
standing. 


Catalysts 


The most practical method for 
initiating polymerization of acrylic 
monomers involves the use of heat 
in combination with certain sol- 
uble organic peroxide catalysts 
such as benzoyl peroxide, 2,4- di- 
chlorobenzoyl peroxide, acetyl 
peroxide, lauryl peroxide, and 
tertiary-butyl hydroperoxide. 

The optimum amount of catalyst 
will depend on the thickness and 
size of the casting, the polymeri- 
zation conditions for each type of 
specimen, and the catalyst used. 
In general, catalyst concentra- 
tions from 0.02 to 0.1% by weight 
of monomer are sufficient. 

The catalyst should be added to 
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1F THE SHOE FITS... 


Shoes or Mold Sets— 


Almost the right size isn’t 
good enough! 


Buying an oversized Mold Set de- 
feats its basic economy; means 
handling excess weight. Yet many 
designers still specify Mold Sets 
larger than actually needed be- 
cause they are unaware that 
NATIONAL makes a standard set 
to fit their requirements. 


9,403 STANDARD SIZES! 
NATIONAL’S new 275-page cat- 
alog contains many new 
standard Mold Set sizes not 
previously available. For 

maximum molding capacity 

and economy—in the size 

you need check NATIONAL’S 

New #57 catalog before 

specifying your next Mold 

Set. All standard sizes available 

in NATSTEEL #1 and NATALLOY #2. 
Immediate delivery in all sizes. 


——— Zz 
A National First Za SVD 
1%” TOP CLAMPING PLATE \... Ba 
on all Injection Mold Sets— AS bili j 

at no extra cost. 


The extra-thick Top Clamping Plate on NATIONAL’s Injection Mold 
Sets keeps sprue bushing pressure away from the cavities and allows 
water lines to be placed directly under the locating ring. The result 
is a stronger, flash-resistant, better cooled mold yielding greater pro- 
duction and consistently trouble-free performance. 
Write for your 57 NATIONAL MOLD SET 
& ACCESSORIES CATALOG today! 

IN i | 

ational too! & Manufacturing Co. 


Mold Set Division, Dept. F, KENILWORTH, NEW JERSEY + BRidzge 6-1600 


@ Since 1933 fee 


2S 
In Chicago phone us directly, at no cost 
by asking the operator for Enterprise 7555. 


835 





At your service... 


Garfield's fine facil 
COLD MOLDING 
HOT MOLDING 





BUILDING MOLDS 
for MAXIMUM 
PRODUCTION 


Cold Molding 


Garfield—now marking its 50th year as 
the pioneer ot cold molded materials in 
the United States places at your dis- 
posal unmatched design and production 
facilities for the manufacture of a wide 
variety of highly heat-resistant products, 


Foremost among these facilities are 103 
compression and transfer presses—with 
9 . eas 

2 to 500-ton capacities—for both cold 
and hot molding. 


Garfield today stands as the nation’s 
leading maker of cold molded electrical 
insulation. 


Engineering, Design and 
Mold Construction 


Garfield’s experienced engineers trans- 
late your requirements into precision 
molded parts. They supervise your prod- 
uct from the initial order through de- 
sign, production, finishing and _ final 
inspection, 


Of particular importance are Garfield’s 
modern tool and die facilities, its modern 
baking and curing facilities and its sys- 
tem of rigid quality control to insure 
quality parts that meet your specifica- 
tions. 





Hot Molding 


Though a specialist in cold molded in- 
sulation, Garfield also custom molds con- 
ventional thermosetting compounds. 


Equipped for both compression and 
transfer molding—-with press capacities 
up to 500 tons—Garfield handles high 
precision work and also the inclusion 
of intricate inserts. 


Typical Garfield Products 


Switch bases ... barriers . . 
mountings .. 


. instrument 
. wiring device parts ... 
appliance parts . . . and enclosures for 
home, industrial and distribution fuses, 


knobs and handles. 


Plus a wide variety of aircraft, automo- 
tive, electrical, electronic, communica- 
tion and industrial products. 


For more details on our economical 
services, just ask for illustrated Bul. 
letin 20 or write us concerning your 


specific requirements. 


GARFIELD MANUFACTURING COMPANY 


GARFIELD, NEW JERSEY 


® The Registered Symbol! of Quality Since 1908 





the inhibitor-free monomer and 
dissolved by stirring. Filter the 
resulting solution to remove any 
undissolved particles. After the 
catalyst has been added, the mon- 
omer mixture should be used im- 
mediately or stored at 40° F. or 
below. At these temperatures, it 
will remain liquid and usable for 
several weeks. It is good practice 
to make up at one time only as 
much catalyzed monomer as can 
be used in a day’s work. 


Preparation of the mix 

Two principal types of casting 
mix are generally used for cast 
acrylic embedments: 

1) A liquid casting sirup which 
can be polymerized either by the 
oven or autoclave methods. 

2) A casting slurry which can 
be polymerized only by the auto- 
clave method; the slurry is so 
viscous that air bubbles cannot be 
completely removed before poly- 
merization and must be forced 
into solution under autoclave 
pressures. 

Casting sirups provide opti- 
mum optical clarity. Casting slur- 
ries have a tendency to show a 
slight internal graininess but 
show much less shrinkage than 
casting sirups. 

Partially polymerized monomer 
casting sirup can be prepared by 
heating the catalyzed inhibitor- 
free monomer in relatively small 
quantities on a hot water or steam 
bath. The mixture should be 
stirred or shaken continuously 
while being heated. The polymer- 
ization reaction is highly exother- 
mic and once the polymerization 
has started, the mass may tend to 
boil if the heat of reaction is not 
removed as fast as it is generated. 
If boiling begins, cool the mass, 
stirring continuously, until boiling 
stops. 

The viscosity of the mix will 
increase as polymerization pro- 
ceeds. Continue heating until the 
consistency of the monomer ap- 
proximates that of glycerine at 
room temperature. The process 
should be observed continually, 
since the reaction, unless checked, 
proceeds spontaneously to com- 
plete hardening of the mass 
When the mix has reached the 
proper consistency, cool it to 
room temperature. The consist- 
ency at room temperature should 
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sparks the designer’s 
imagination 


... by ERIE 
“TSM” combines the beauty of high quality electroplating on metal 
with the economy and other advantages of custom molded plastic. 
“TSM” offers the designer a full range of metallic color effects, 
which may be used in an infinite variety of applications. 

“TSM” will not tarnish, pit, or rust. It maintains its brilliance 
under adverse atmospheric conditions, and is resistant to humidity, 
fading, and thermal shock. It passes rigid score-and-tape tests. 
Lettering may be stamped on the metallized surface. 

Consult ERIE Plastics Division engineers to learn how Top Surface 


Metallized Plastic parts may be effectively used to reduce weight, 
lower costs, and increase the sales appeal of your new products. 


/Yusties Dts iow 





ERIE RESISTOR CORPORATION 
MAIN OFFICES: ERIE, PA., U.S.A. FACTORIES: ERIE, PA. © HOLLY SPRINGS, MISS. 





Electric Shaver Case molded of high impact styrene. Outside : 
cover finished in textured gold Mylar with six pointed star approximate that of heavy: mo- 


shield design molded directly to cover. Includes inside cover lasses. The partially polymerized 
puff and inner flocked tray. monomer casting sirup thus pre- 
pared should be covered and 
stored at 40° F. or below until 
ready for use. At these tempera- 
tures, it will remain usable for 
several weeks. If stored at higher 
temperatures, it will graduaily 
harden. 

Caution: Do not heat monomers 
over an open flame! Since the 
monomer vapors are flammable, 
all electrical connections should 
be covered and sparks carefully 
avoided. Exhaust fans should be 
equipped with sparkproof motors. 

Monomer-polymer casting 
sirup can be prepared by dissolv- 

ing Plexiglas Y-100 (18 mesh) or 

. Plexiglas DC (40 mesh Y-100) 

Th e F 0 il ta | fl ep i molding powder in catalyzed in- 
hibitor-free methyl methacrylate 
monomer. Plexiglas DC will dis- 

T h at HH et Pps T fe e Sa | oe ' solve somewhat more easily than 
Y-100 because of the small aver- 
age particle size. The viscosity of 


the mix can be controlled by the 
by amount of the polymer added. 
The mixture should be stirred 


continuously while dissolving. If 
this is not done, the polymer will 
settle to the bottom and tend to 
form a relatively hard gelatinous 
mass which will be extremely 
difficult to dissolve. 


An Auburn Plastics container is 

far more than merely a box for 

your product. With its top-quality, 

high-style appearance, it’s a pow- 

erful selling tool — a premium 

' package with terrific consumer 

appeal. Surprisingly inexpensive, too. Casting slurry 
More than 500 American manufacturers are taking advantage If higher polymer concentra- 
of the extra values offered by Auburn’s facilities and personnel, tions are used, a slurry can be 
using API as their best source for molded and extruded plastics. made which will set up to a gel 
in a relatively short time. The 
AUBURN PLASTICS FACILITIES INCLUDE: monomer-polymer mixture should 
— : ‘ be stirred continuously to insure 
1. Injection molding machines up to 22 oz. capacity. complete wetting of each particle 
2. Compression, transfer and high speed plunger presses of polymer and to permit the par- 
up to 600 tons capacity. (Send inquiries direct to Norton.) ticles to swell sufficiently to pre- 
Automatic rotary presses for parts up to 2 sq. in. vent settling. It should then be 
Extrusion machines up to 442” screw size. poured into the mold and let 
Stokes automatic presses. stand until it forms a gel. The 
Precision tool and die shop. monomer-polymer casting slurry 


Design, engineering and laboratory services. will be full of air bubbles when 
poured, but these will disappear 
when the mass is cured under 
pressure in an autoclave. 





Norton Laboratories, Inc., Lockport, N. Y., is 
now Norton Laboratories Division of Auburn 
he me" an example of an increase in Molds 
acilities in the interests of even better service. : 

The selection of the proper mold 


to hold the specimen and embed- 
ding mix is dictated largely by 
the size of the specimen and the 


AUBURN PLASTICS INC desired shape of the finished 


AUBURN,NEW YORK piece. If a number of small items 


, : be 
FORMERLY AUBURN BUTTON WORKS, ING. are to be embedded, it may 
ESTABLISHED 1876 convenient to select a pan type 
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Impossible Tolerances In Moided Nylon” 


ees222Mot at CJucvr- Berry 


CHELSEA 50, Mass. 
Joseph Leader 

68 Marlborough Street 
Chelsea 3-3484 


CHICAGO 45, Illinois 
R. H. Frish 

Room 211 

6349 N. Western Ave. 
Ambassador 2-6005 


DETROIT 35, Mich. 
Harry R. Brethen Co. 
16115 Meyers Road 
Diamond 1-3454 


EAST ROCHESTER, N. Y 
Dynatherm, Inc. 

607 West Commercial Street 
Phone: Ludlow 6-0082 


KNOXVILLE, Tennessee 
Harold J. Melloy 
2100 Ailor Ave. 

P.O. Box 3207 

Phone: 2-5911 


MILWAUKEE 13, Wis. 
John Weiland, Jr. 
7105 Grand Parkway 
Greenfield 6-7161 


WYNNEWOOD, Pa. 
Austin L. oe Co. 
P.O. Box 561 

1 W. Lancaster Ave. 
Ardmore, Pa. 
Midway 2-5113 


Extremely close tolerances, dimensional stability, high wear- 
resistance . . . these were the demanding specifications for the 
contact carriers shown above. Quinn-Berry’s answer to the prob- 
lem: careful choice of the right plastics material precision 
mold design and manufacture . skilled pressroom craftsman- 
ship. The result: components of consistent quality which con- 
tribute to the trouble-free performance of the Clark Type “PM” 
Magnetic Relay. 

Step by step, under one responsibility and one control, every 
job is engineered from die design to finished product at Quinn- 
Berry where the ‘Unusual Is Routine” in molded thermoplastics. 


Consult with us in full confidence of the desired result. 


WE FLY TO SERVE YOU FASTER? 


2609 WEST 12TH STREET, ERIE, PA, 
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HOW TO MAKE 
A GOOD PRODUCT BETTER 


with Creative Molding by DILLON-BECK 


Specialists in 
designing and producing molded parts and distinctive 
plastic packaging far varied industries including pharmaceutical, 
electronics, food, — toy, cosmetics, sporting goods. 


DOES YOUR PRODUCT NEED 


Break-resistant, lightweight, 
easy-to-assemble parts. 


Sales-stimulating idea. 


Specially designed parts 
to reduce handling, packing 
and shipping costs. 








PRECISION-PRODUCED 
BY DILLON-BECK 








1 


For Thomas A. Edison Industries 

Storage Battery Division: 

Key injection molded parts with 

closely held thread tolerances, uniform molding 
of heavy sections and complicated 

draw core molding for their subway lamp. 


M2 

For Cortland Line Co.'s “333” 
Fly Rod Line: An attractive, 
functional package that 
displays the product 

with maximum visibility 


v3 


For Tremen Electronic Corp.'s 

“Teamco Blend Chief": 

A lightweight, break-resistant 

plastic container of unusually deep draw that 
reduced costs and improved function. 


IMPROVE YOUR PRODUCT'S usability and salability 


by calling on Dillon-Beck's Design and Engineering Staff to create and 
produce ‘something special”’ in injection molding for your product. 

% Designs and Models Prepared and Furnished. 

% Mold and Die Construction Department. 


*% Molding and Assembly of Thermoplastics 
ranging from 1 to 16 oz. 


YOUR INQUIRIES INVITED 


DILLON-BECK Manufacturing Co. 


Designers * Molders of Plastic Products 


1227 CENTRAL AVE., HILLSIDE, NEW JERSEY 





mold capable of holding all of the 
specimens, spaced at proper dis- 
tances to permit sawing the 
block into sections. In other cases, 
it is desirable to select a mold of 
such size and shape that finishing 
operations are reduced to a min- 
imum. Glass refrigerator con- 
tainers have been found very 
useful although other types of 
glass dishes, open mouth jars, and 
similar containers have also been 
used successfully. The container 
should have a large enough open- 
ing to permit easy placement and 
manipulation of the specimen, 
yet be of a type which can be 
sealed with a layer of cellophane 
to protect the casting mix from 
contact with the atmosphere. 

The polymethacrylates have a 
tendency to stick to metal molds. 
To minimize this tendency, the 
metal should be highly polished. 
If sticking still occurs, it may 
prove helpful to wipe the surface 
of the mold with stearic acid to 
serve as the mold release agent. 
Molds should not be made of 
copper or copper alloys since 
these metals have an adverse ef- 
fect upon polymerization. 


Saturating the specimens 


Specimens should be thoroughly 
impregnated with catalyzed in- 
hibitor-free liquid monomer or 
casting sirup so that spaces pre- 
viously occupied by water or air 
are filled with the monomer. This 
is particularly important in the 
case of air encapsulated speci- 
mens such as seed pods which 
would tend to collapse during 
polymerization if void spaces 
were not completely filled. 


Selection of method 


The two general methods of 
making cast acrylic embedments 
are: 

1) Oven polymerization at con- 
trolled elevated temperatures and 
normal atmospheric pressure. 

2) Autoclave polymerization at 
controlled elevated temperatures 
and pressures up to 150 p.s.i. 

The principal advantage of 
autoclave polymerization is that 
the high pressures involved raise 
the boiling point of the monomer, 
thus minimizing its tendency to 
bubble due to vaporization, and 
permitting the use of higher cur- 
ing temperatures with a resultant 
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faster curing time. In addition, 
eases trapped or dissolved in the 
casting mix are forced into and 
kept in solution and do not show 
up as bubbles in the finished 
casting. 

Prior to pouring the casting 
sirup into the mold over the 
specimen, the mix should be sub- 
jected to vacuum to cause dis- 
solved gases to “boil out” of 
solution. If the dissolved gases 
are not removed at this stage, 
they may come out of solution 
during polymerization as bubbles. 


Supporting the specimen 


A base on which to support the 
specimen can be made by pouring 
a %-in. layer of casting sirup 
into the mold, then covering the 
mold with two or three layers of 
tightly fitted cellophane. If bub- 
bles are trapped in the casting 
while pouring, let the mold stand 
until the bubbles disappear. The 
bubbles can often be made to dis- 
appear by subjecting the mold 
and contents to alternate vacuum 
and atmospheric pressure. When 
the bubbles are no longer evident, 
the sirup should be heated at 
110 to 115° F. under normal at- 
mospheric pressure until _ it 
forms a gel which is just stiff 
enough to support the specimen. 

Two slightly different tech- 
niques are used for oven casting, 
depending primarily on the thick- 
ness of the specimen. 

Specimens under 1 in. thick.— 
Pour a small amount of catalyzed 
inhibitor-free monomer over the 
gel base and thoroughly wet the 
base and sides of the mold. Drain 
off excess liquid monomer, then 
pour an amount of casting sirup 
that will cover the specimen, 
when inserted, to the desired 
depth. If bubbles form, cover the 
mold with cellophane and place 
it in a refrigerator or subject it to 
alternate vacuum and atmospheric 
pressure. Do not allow the casting 
sirup to stand for any period of 
time without a cover, either at 
room temperature or in the oven, 
because a tough film forms. 

When the sirup is free of air 
bubbles, remove the specimen 
‘rom the liquid monomer satura- 
tion bath and place it edgewise in 

* sirup until it rests on the 

base. Then lower it very 
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NEWARK DIE 


AUTOMATIC 
UNSCREWING 
MOLDS 


solve screw cap production problems 


Typical automatic unscrew- 
ing mold shown parted. It 
is used for making Lysol 
caps and is one of many 
such molds designed and 
manufactured for Armstrong 
Cork Company. 


Today’s trend in packaging is 
placing increasing emphasis on 
complex cap design and the 
bold use of color. To meet these 
needs Newark Die has developed 
an advanced type of automatic 
unscrewing mold which per- 
mits the economical production 
of a wide variety of cap designs. 


This development cuts mold 
costs by utilizing standard 
unscrewing mold bases which 
also permit rapid and economical 
replacement of cavities to 
accommodate new designs. 


Look to Newark Die for prac- 
tical solutions to your cap 
production problems. 


Newark Die molds are used to 
make a wide variety of screw 
caps of which these are typical. 


VISIT BOOTH 471 
Eighth National Plastics Exposition 








PRODUCTS IN 
WHICH 
MICHIGAN 
PLASTIC 


MOLDED PARTS 


ARE USED 


Automobiles 
Refrigerators 
and Freezers 
Automatic 
Washers and 
Dryers 

Juke Boxes 
Juvenile 
Furniture 
Displays and 
Novelties 


MOLDERS OF 


FINE PLASTIC PRODUCTS 


842 





45834 VanDyke, 


At Michigan Plastic Products, Inc. modern spe- 
cialized equipment in the hands of experienced 
craftsmen assures you of custom quality at com- 
petitive prices. All phases of designing, engi- 
neering and production are handlec under one 
roof, including molding, assembly, painting and 
finishing. 

Specialists in injection molding of thermo-plas- 
tic materials, Michigan Plastic Products, Inc. is 
equipped with eight Reed-Prentice injection ma- 
chines ranging in capacity from 4 ounce thru 32 
ounce. 

If your product requires a practical, low cost 
plastic part, designed and delivered from one 
source, write or call Michigan Plastic Products, 
Inc. today! 


MICHIGAN PLASTIC PRODUCTS, INC. 


GRAND HAVEN, MICHIGAN 
PHONE 2940 
sales office: 





Utica, Mich. Phone Republic 9-8271 


gradually in such a manner as to 
avoid trapping bubbles. It may 
be necessary at this time to add 
some of the casting sirup to com- 
pletely cover the specimen, but 
under no circumstances should 
the layer be thicker than one 
inch. Cover with cellophane and 
if bubbles have formed, place the 
mold in the refrigerator or sub- 
ject it to alternate vacuum and 
atmospheric pressure. Then place 
it in an oven at 100 to 115° F. for 
polymerization. As _ previously 
stated, polymerization occurs with 
production of considerable heat. 
If the layer is too thick, heat dis- 
sipates too slowly and bubbles 
will form. The oven should be 
provided with an exhaust fan and 
automatic temperature controls to 
prevent temperatures from going 
too high. A block 1 in. thick 
should harden in approximately 
seven days at 110 to 115° F. Suc- 
cessive layers of 1%4-in. thickness 
can then be added to obtain a 
suitable block. 

Specimens over 1 in. thick.— 
Wet the base and sides of the 
mold with catalyzed inhibitor-free 
monomer as above. Pour a thin 
layer of casting sirup over the 
specimen which had been re- 
moved from the liquid monomer 
saturation bath and placed in the 
mold. The mold with the speci- 
men is then very carefully sealed 
using many layers of cellophane. 
If bubbles have formed, place the 
mold in a refrigerator or subject 
it to alternate vacuum and at- 
mospheric pressure. The mold 
should then be heated at 110 to 
115° F. until the layer hardens. 
This process is repeated until the 
specimen is covered with approx- 
imately 1% in. of polymer. Great 
care must be exercised to cover 
the whole specimen and to avoid 
trapping air bubbles. When the 
specimen is thus glazed and fixed 
to the base, proceed carefully to 
embed by adding successive lay- 
ers of casting sirup not exceed- 
ing 4 in. in depth, in order not 
to soften the glaze on the speci- 
men excessively. 

To complete the polymerization, 
and to anneal the finished em- 
bedment in order to reduce 
stresses due to shrinkage during 
polymerization, the embedment 
should be heated to a tempera- 
ture of approximately 225° F. for 
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ESTABLISHED 41812 


PLASTIC MOLDING - METAL PARTS 
601 RIVER STREET, WATERBURY 20, CONNECTICUT 


Facilities 

Completely-equipped tool room for 
mold making. 

57 Compression Presses — up to 300 
tons. 19 High Speed Plunger Presses - 
up to 300 tons. Battery of Automatic 
Compression Presses. Complete pre- 
lorming equipment. 

18 Injection Machines—up to 32 oz. 

Low Pressure Fibreglas Presses. 

Finishing facilities — wheelabrators, 
‘lapping units, sandblasting equipment, 
automatic spraying equipment, imprint- 
ing equipment. 


Services 


Engineering and design — our staff 
is always at your service. 

Modern, fully-equipped chemical 
laboratory for research. 

Quality control — inspectors con- 
stantly check during molding. 

Metal inserts. Stampings manufac- 
tured in our own plant. 

Complete assembly facilities. 

Sales Offices and Representatives in 
Boston, New York, Rochester, Phila- 
delphia, Wilmington, Akron, Cleveland, 
Dayton, Detroit, Chicago, Milwaukee. 


Daa | pe ala 
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METAL BUTTONS 


Standard Knobs 


... and other Standard Plastic Parts. 
Available from our extensive selection 
of stock molds, without the expense of 
mold making. 

Send for the following catalogs: 

Thermosetting Knobs. Illustrations 
and specifications of 40 of our most 
popular knobs. Will withstand high 
temperatures. 

Thermoplastic Knobs. Variety of 
colors at economical prices. 

Eyelets, Ferrules, Terminals. Stamp- 
ings in copper, brass, steel, aluminum. 
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QUALIFIED 


INJECTION MOLDERS 


Complete facilities to handle all injection molding prob- 
lems cover our 54,400 square feet of modern plant. 


Our molding equipment consists of 18 presses: one-4 oz. 
Lester and one-4 oz. Reed Prentice, one-6 oz. Reed Pren- 
tice, one-10 oz. Reed Prentice, one-12 oz. W. S., four-16 oz. 
W. S., one-22 oz. W. S., one-32 oz. W. S., two-48 oz. W. S., 
one-16 oz. Reed Prentice, one-28 oz. W. S., one-90 oz. 
W. S. (Preplasticizing Type), one-6 oz. Reed Prentice, 
one-16 oz. H.P.M. 


We have the latest equipment in our Finishing Depart- 
ment and Tool Shop and are very well equipped in every 
department to handle any or all jobs up to 90 oz. 


Our Engineering Department has knowledge and ex- 
perience from original design to finished product. Some 
large castings molded include gun stocks, toilet seats, 
vacuum cleaner, refrigerator and television parts, etc. 


Our customers include the biggest names in industry. 


Prospective customers are invited to inspect our plant 
and facilities. 


Presgue Isle Plastics, Tue. 


2730 West 12TH SrT.,- ERIE, PENNA. 


CUSTOM MOULDERS 


LARGE OR SMALL CASTINGS 











at least 2 hr. for each % in. of 
thickness after removal from the 
mold (11). 


Autoclave polymerization 

If casting sirup is used, the 
preparation of a gel base for sup- 
porting the specimens in the mold 
for autoclave casting is carried 
out in the same fashion as pre- 
paring a base for oven casting, 
except that bubbles can be dis- 
regarded since they will be forced 
into solution by elevated pressure 
during the cure, and will thus be 
eliminated. 

If casting slurry is used, the 
base is prepared by simply pour- 
ing the high-polymer content 
slurry as soon as it is made and 
letting it stand (covered with 
cellophane) until a gel is formed. 
Again, bubbles can be disregarded 
since they will disappear during 
cure. 

When the mold has been filled, 
a layer of cellophane is placed 
over the top and in direct contact 
with the top surface of the cast- 
ing mixture. 

The mold is then placed in an 
autoclave which has been swept 
free of air with carbon dioxide or 
nitrogen. Carbon dioxide or nitro- 
gen is then admitted to the auto- 
clave until a pressure of 35 to 
150 p.s.i. is reached. The tempera- 
ture is then raised to 160 to 275° 
F. depending on the size, shape, 
and thickness of the specimen 
and the maximum temperature it 
can withstand. The elevated tem- 
perature and pressure are main- 
tained until polymerization is 
complete. 

In cases where curing tempera- 
tures lower than 225° F. were 
used, the temperature is then 
raised to 225° F. and held for at 
least 2 hr. for each % in. of 
thickness. The casting should 
then be cooled slowly to room 
temperature while still under 
pressure. 

Solid block embedments of 
ethyl and methyl methacrylate 
have machining qualities resem- 
bling those of acrylic sheets and 
other shapes. (12). 


Special references 
1) “The Monomeric Acrylic 
Esters,” Bulletin SP-30, Rohm & 
Haas Co., Philadelphia 5, Pa. 
2) Arthur, Marion A., “Method 


ENGINEERING AND METHODS 





A GREAT PLANT 


SYNCHRONIZED WITH 


SKILLED HANDS 


oe - , . ~~ m— @ 
* a 1 .S ik ng mba" 4 mS - . 
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ANNIVERSARY 


SERVICES WE PERFORM AS AFT EN IN 


Whether a TV knob, an instrument housing, a packaging form, a consumer item 
or an ad specialty ... an Emeloid product is the fruit of trained hands and minds 
synchronized with modern equipment in a 45,000 square foot plant . . . controlled 
by rigid standards of design, quality and production details. Be it design, re-design, 
engineering development or price, remember . . . YOU CAN DO BUSINESS 
WITH EMELOID, in its fullest implications of Quality and Cost Minimization. 


THE EMELOID SERVICES: 
INJECTION MOLDING COATING LAMINATING 
VACUUM FORMING PRINTING EMBOSSING 
DIE-FORMING STAMPING MACHINING 
LITHOGRAPHING DIE CUTTING BUFFING 
SPRAYING ASSEMBLY 


ALL CUSTOM MOLDING INDUSTRIAL PARTS la \ 
MERCHANDISING AIDS ADVERTISING SPECIALTIES 
DESIGN DEVELOPMENT ‘a 


THE Co., INC. 
1239 CENTRAL AVE., HILLSIDE 5, N. J; 


Elizabeth 2-1944 - 1945 - 1946 N. Y. City—REctor 2-8554 - 8555 
Waverly 3-434] - 3-4342 - 3.1958 Coble: ‘‘TEC’ HILLSIDE, WN. J. 


: a a ; 


‘ 
ALL PRODUCTION DONE AT EMELOID BY EMELOID 





(st) | ‘ON Plastics Extrusion 
DETROIT . € CORPORATION 


Extrusion and Injection Wolding @ 12340 CLOVERDALE, DETROIT 4, MICH. 
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of Preserving Wet, Fragile Geo- 
logic Specimens,” J. Sedimentary 
Petrology 19, 131 (Dec. 1949). 

3) Strumia, Max M. and Mc- 
Graw, J. J., Jr., “A Method and 
Apparatus for Shell Freezing and 
Rapid Drying of Plasma and 
Other Products from the Frozen 
State by Low Temperature Water 
Vapor Condensation in Vacuo,” 
J. Lab. and Clinical Med. 18, 1140 
(1943). 

4) Strumia, Max M. and Her- 
sey, J. I, “A New Method for 
Preservation of Human and Ani- 
mal Tissues by the Use of a 
Transparent Plastic,” Science 99, 
105 (Feb. 4, 1944). 

5) Strumia, Max M. and Her- 
sey, J. I., “Embedding of Patho- 
logical Specimens in Transparent 
Plastic,” J. Lab. and Clinical Med. 
33, 1311 (Oct. 1948). 

6) Newman,’ Borysko, and 
Swerdlow (National Bureau of 
Standards), “New Technique for 
Light and Electron Microscopy,” 
Science (July 15, 1949). 

7) “Toxicity of Monomeric 
Methyl Methacrylate,” Bul. Pl- 
131, Rohm & Haas Co. 

8) Spealman, C. R., Main, R. J., 
Haag, H. B., and Larson, P. §S., 
(Dept. of Physiology and Phar- 
macology, Medical College of Vir- 
ginia, Richmond, Va.) “Mono- 
meric Methyl Methacrylate— 
Studies on Toxicity,” Ind. Medi- 
cine 14, 292 (April 1945). 

9) Blaine, Dr. George (Strange- 
ways Laboratory, Cambridge, 
England), “Some Medical Aspects 
of the Use of Rubber Compounds 
and Thermoplastics,” Plastics 
(Feb. 1948). 

10) Deichman, Wilhelm (Ket- 
tering Lab. of Applied Physiology, 
College of Medicine, Univ. of 
Cincinnati, Cincinnati, Ohio), 
“Toxicity of Methyl, Ethyl and 
N-Butyl Methacrylate,” J. Ind. 
Hygiene and Toxicology 23, 
(Sept. 1941). 

11) For details on annealing 
and cooling cycles see “Anneal- 
ing Plexiglas,” Bul. Pl-10 of 
Rohm & Haas Co. 

12) See also the following 
Rohm & Haas bulletins: Pl-2 
“Cutting Plexiglas’; Pl-3, “Ma- 
chining Plexiglas”; P1-9, “Finish- 
ing Plexiglas.” All of these book- 
lets referring to the handling o! 
acrylics are published by Rohm 
& Haas. 
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Boonton Opens New Office 


The best possible commentary on our life and times 
is that this cartoon doesn’t seem quite as fantastic as 
it would have been, say, back in 1921 when Boonton 
first started. 


Lindbergh still hadn’t soloed to Paris penicillin 
still hadn’t been invented and plastics utilization 
was still more of an opportunity than a fact of life. 


Yet—here we are in the Space Age and here is Boonton 
right in step with the times. No sales office on Mars 
yet, but nonetheless equipped with almost every mod- 
ern facility on earth to expertly handle your every 
custom molding need. 


One of this country’s largest molders, we operate a 


C2) BOONTON MOLDING CO. 


BOONTON, NEW JERSEY 


complete plant for compression molding a com- 
plete plant for injection molding a plant for 
our Boontonware (fine molded dinnerware) and 
a Special Products Division to service customers with 
parts posing unusual design and production problems. 


We might also mention that in addition to compression 
and injection molding, we use such techniques as cast- 
ing, potting, low pressure molding and dipping. 


But to return to our main theme: there’s one thing our 
customers have come to appreciate us for . that’s 
our “ability to keep our feet on the ground”! 

Give us a “whirl” sometime—and see. 

New York Metropolitan Area—Cortlandt 7-0003 
Western New York Area—Alden 7134 
Connecticut Area—Woodbine 1 


Pioneer 3-0315 


Philadelphia Area- 





2109 (Tuckahoe, N. Y.) 


THE FULLY-AUTOMATIC 


ed Y/N U-5 


featuring AIRSLIP and now the 
DROPFORM (plug-assist) process 


is not a converted 
drape-forming machine but 


A totally new thermoformer 
specially designed for 
king-size plug-assist jobs. 


22,000 LBS SHEET 
CLAMPING FORCE 


Edge losses down to 4” on gauges up to %”. 


DOUBLE-SIDED HEATING 


Ultra-short cycles with sheets up to %” 
gauge uniformly heat-softened in thickness. 


7700 LBS PLUG FORCE 


Entire forming area of 40 x 60” can be 
formed to full 24” depth. 


PLUG SPEED VARIABLE 
UP TO 5 FT/SEC 


Uniform motion with vibration-free stop 
eliminates chill marks. 


11,000 LBS MOLD 
TABLE LIFTING FORCE 


Permits drape and AIRSLIP forming of 
heavy sheet gauges with full-size male 
molds. 


FULLY-AUTOMATIC STRIPPING 


Preselected cooling cycle, blow-off pres- 
sure, blow-off speed and mold withdrawal 
speed assure steady production without 
rejects. 





Distributor for USA and Canada: 


CONAPAC CORPORATION 
120 East 13th Street, New York 3, N.Y. 


“Formvac” U-5 
thermoformer with 
40 x 60” utilizable 
forming area and 4” 
depth of draw. 


Refrigerator 

liner measuring 
approximately 

22 x 32 x 18” deep, 
formed from 0.200” 
high-impact 
polystyrene, using 
the system illustrated 
on the left. Average 
cycle, including 
manual loading of 
blank sheet and 
removal of formed 
piece: 130 seconds. 


Explanation of diagram: 

1. High-impact polystyrene sheet, 0.200” gauge, is 
heat-softened in 69 seconds. Heaters (A) withdraw 
in under 1 second. 2. Compressed air is admitted 
through rapidly descending plug (B), thereby reduc- 
ing friction between sheet and plug edges and uni- 
formly pre-forming the hot sheet. Counter pressure 
caused by plug descent is relieved into AIRSLIP box 
(D,E). 3. At this stage the female mold (C) raised 
rapidly, creating counterpressure (F) which drives 
the sheet against the plug. Serrated edges to plug 
were found advantageous for this particular job, to 
improve pre-distribution of sheet. Brief contact of 
about 0.1 sec. with plug edges does not produce chill 
marks. 4. Completely uniform preforming of sheet 
now attained. Top edge of female mold sealed 
against sheet. 5. Vacuum released. Large 3” diameter 
vacuum pipes assure instantaneous forming of sheet 
into chilled female mold. Total duration of plug 
motion pilus final vacuum forming: 0.8 seconds! 


HYDRO-CHEMIE 


Zurich Switzerland 








More than 3500 variations of 275 Stock Mold Parts 
MAKE YOUR PRODUCT 
For diversity in standard parts 
of thermosetting materials D 4 STi ™ Criv e at “a0 ertia caer 


(phenolic and urea) in all grades 
of heat and impact resistance, 
leading manufacturers in every 
phase of business rely on Harry 
Davies Molding Company to 
provide the most economical, 


varied, and distinctive designs 








in compression molded 


plastics. 

















plus 25 YEARS EXPERIENCE To the individual efforts of our 
IN CUSTOM MOLDING experienced engineers and tool 


makers in successfully produc 


to the most exacting specifications OE Oe ee comptes cxctom 
molds, the Harry Davies Mold 
ing Company adds superior 
production facilities, ultra-high 
speed machinery, and unlimited 


know-how in the field of ther- 


mosetting plastic materials 





Lei eee’ 2 


HANDLES lO CABINETS 


oa 2) BIG REASONS WH | 


BC ELYRIA, OHIO 


TEXTILE MACHINERY 
PARTS 


CASH REGISTER ‘ 
DRAWERS 


COMPLETE ENGINEERING SERVICE @ RADIO-FREQUENCY PREHEATING 


CASTERS 


INDUSTRIAL 
GEARS 


Capable engineers, qualified by 
years of experience, to see that your 
designs are produced at lowest pos- 
sible unit molding cost. 


COMPRESSION MOLDING 


180 various compression and trans- 
fer presses, most with top rams, 
ranging from 25-ton to 1850 - ton 
Capacity. 


INJECTION MOLDING 

16 modern injection molding presses 
ranging in size from 2 oz. to 200 oz. 
capacity for low cost, efficient pro- 
duction of thermoplastic materials of 
the highest quality in any quantity. 


One of the largest installations in 
the industry .. . more than 75 sepa- 
rate units to facilitate high-speed 
molding production. 


CONVEYORIZED OPERATION 

From press to shipping room, 
through finishing and assembly op- 
erations, entire operation conveyor- 
ized for fast, uninterrupted flow of 
molded parts. 


FINISHING EQUIPMENT 

Automatic facilities include equip- 
ment for trimming, polishing, bull- 
ing, drilling, tapping, tumbling 
and painting. 





REFRIGERATOR 
PARTS 


VACUUM CLEANER 
NOZZLES 


MARYSVILLE, = 
OHIO 


4 . . . . 
experiemce ° Over the years, General Industries has engaged in the engineering 
and production of custom-molded plastics for many of America’s 
largest manufacturers. 


® Included among General Industries’ current customers are the largest 
manufacturers of refrigerators and appliances, cooking utensils, tele- 
phones, cameras, textile machinery, automobiles‘and many other products. 


® Write or phone today for the services of our experienced Sales Engi- 
neers who will be happy to call on you and assist you with your engineer- 
ing design and answer questions on your technical problems. General 
Industries will also conduct a survey at no cost to you of your product 
and advise you if you now have an item that can be made better and at 
a cost savings to you through conversion to the proper plastic material. 


tHE GENERAL INDUSTRIES co. 


F Department PL e¢ Elyria, Ohio 














ash 


to quote on your 


MOLDING and FINISHING 
REQUIREMENTS 


= 
* high productivity 
... WITH QUALITY 
* economy in tool cost 
... QUICK DELIVERY 


* customer service 
... DEVELOPMENT - 
. 


DESIGN 


This handsome transistor radio housing molded 
for ARVIN INDUSTRIES is a product of COMO... 
CUSTOMER SERVICE... MOLD DESIGN AND FINE MOLDING 


* 
COMO PLASTICS INC. 
COLUMBUS, INDIANA 











PIONEER of 
PLASTIC MOLDING 


over one quarter of a century 


THERMOSETTINGS 


compression—transfer—automatic compression 


THERMOPLASTICS 


to capacity of our 8 oz. injection machines 


pS 


56 RUBBER AVE NAUGATUCK, CONN 





Kingman offers a complete design, 

engineering and molding service that assures you 

top quality results. And it’s all experience... 

experience that has been product-proved time and 

Injection Molding time again. Kingman’s skills and facilities 
Design Service 
Fabrication 
Model Making 
Mold Making 
Extrusion 


EB. Kingman C0., INC. 


96 Exchange St., Leominster, Mass. 


guarantee the success of your sample or 
production runs. Write today for quotations 
There’s no obligation 


“A Complete Custom Molding Service” 





Department PL 


° Elyria, Ohio 





























Shown above are several different parts molded by KUHN' and JACOB. 


It’s our job to custom-mold plastic parts of 
the highest quality that exactly fit their func- 
tional requirements. Every job, whether we 
start from scratch or follow customers’ 
prints, goes through our engineering depart- 
ment. It is here that Kuhn and Jacob com- 
bines the benefits of many years of practical 
tool and die making with technical knowl- 
edge . . . often suggesting a change in de- 
sign that may mean better performance in 
service, lower cost, faster delivery or other 


DESIGNING ~° 


MOLD MAKING - 








advantages to the customer. Not only in the 
plans stage and at the drafting board but 
through each succeeding manufacturing op- 
eration, Kuhn and Jacob engineers assume 
the responsibility for meeting customers’ 
specifications—and for insuring the high 
quality and fine appearance of the finished 
piece. 


Write for your copy of our catalog, “A Serv- 
ice to Users of Compression Molded Plastics” 


CUSTOM MOLDING 


) KUHN & JACOB MOLDING & TOOL CO. 


1200 SOUTHARD ... . TRENTON 8, N. J. 








TEFLON - KEL-F - NYLON 





STOCK 
and FABRICATED 
PARTS 








Profit from the “know-how’’ of the 
pioneers and leaders in the fabrication 
and application of the ‘‘engineered 
oy it a inary KEL-Ft and 
YLON (du Pont ZYTEL). 


Buy from the world’s most complete 
stock of sheets, discs, tape, rods, tub- 
ing, bars, cylinders, and extruded 
shapes—and the new Cementable 
TEFLON sheets and tape. 


Or send us your blueprints for rapid, 
low-cost, quality-controlled produc- 
tion of parts to your specifications. 


U.S.G. offers one of the largest and 
the most modern extrusion plants in 
America producing bubdle-free extru- 
sions, even in the smallest diameters. 


U.S.G. offers complete facilities for 
annealing and for surface dyeing or 
pigmenting throughout, in full range 
of colors. 


U.S.G. offers an extensive injection 
molding plant with machines ranging 
in capacities up to 8 oz., and special- 
izing in difficult precision moldings 
in volume production with accom- 
panying economies. 


U.S.G. offers a complete, high-speed 
plastics machining plant, geared to 
part quantity requirements from the 
prototype stage to full scale production 


Whatever your plastics part require- 
ments—check your methods and costs 
with U.S.G. “know-how’’. Write for 
Bulletin IN-1256. 


United States Gasket Company 
Camden 1, New Jersey 


*du Pont Trademark 
t Minn. Mining & Mfg. Trademark 


nited 
tates 
asket 


Plastics Divisiow of 
GARLO CHK 








LEAF PLASTICS . . « on incction motde 


with experience on a wide range of products! 








Leaf Plastics has Produced just 
about every type of injection 
molding for some of the largest 
users of plastics. 


We've accumulated considerable experience turning 
out molding for industrial, commercial and military 
applications. 


In addition to our injection molding facilities, we're 
set up for 


FINISHING ASSEMBLY 
DECORATING PACKAGING 


Consult. our technical’ staff on your Injection molding needs. 
Simply sénd us a sKetch or print of the required partand we'll 
give you ddetailed estimate, withouteobligation, of course. 























Let Mirrolap Company 








Mirror Finish Your Molds 


Specialists in Polishing Plastic 
and Die Cast Molds 


W. have been engaged in this nationwide service now 
for 12 years—one of the first in this field. 


We polish any and all molds—large or small, with 
raised or sunken letters, maintaining dimensions and 
keeping all corners and edges sharp. Our service is fast 
and accurate. 


You can send us your mold or molds together with 
the piece part or print and, if requested, we will quote 
you or we will finish job and return to you promptly. 


We make and sell our own Di d Comp d, all 





grades, ond have a chrome plating service available. 
We also carry a full line of polishing supplies—prices 
vpon request. 


MIRROLAP COMPANY 


4559 Elst Chicago 30, Ill. 
~ dba Kildare 5- 1950 














PLATING ENGINEERING CO. 


now offers 
A Midwestern Source 
for 


Electroformed Metal Molds for 
Plastisols or Vacuum Forming 


Low cost. Extremely accurate detail. High heat 
transfer—-means rapid cure. Process good for 
multiple molds. You furnish wax or plastic 
pattern. 


SEND print for free estimate 
Sample mold (medium size) from your 
pattern $25.00 
Electroforming in copper and nickel 


PLATING ENGINEERING CO. 


1928 South 62nd St. Milwaukee 19, Wis. 
Phone: Evergreen 4-4848 


























YARDLEY 


Custom Injection 
Molding Service 


* PRODUCT DESIGN 
¢ COMPLETE ENGINEERING AND TOOLING 
¢ 20 PRESSES, 4-OZ. TO 60-OZ. CAPACITY 
BOTH VERTICAL AND HORIZONTAL 





Yardley offers you both wide experience and vast manufac- | 
turing facilities in the production of appliance parts and auto- | 
motive parts, housings, fittings, etc. Equipped for complete | 
finishing operations including fabrication, spray painting, | 
vacuum plating, etc. 


All thermoplastic materials: 


e Styrene e Butyrate e Ethylcellulose 
e Nylon e Acrylics e Vinyls 
e Acetate e Polyethylene e Impact Materials 


YARDLEY MOLDED PLASTICS, INC. 


- = COLUMBUS 15, OHIO 
For prompt quotation send 
specifications and detailed drawings 











This Silver Server Sells Itself... 


. but it will sell silver, too! Use it which- 


ever way best suits your sales purpose: 


e As an attractive package for selling 


stainless, sterling, or you name it. 


e As a colorful, convenient tray for storing 


a complete service for six. 


Maybe YOU have another angle. All the bet- 
ter. We'll gladly work with you, whatever 


your plans. 


Why not write us today for details? 


CONNECTICUT PLASTIC PRODUCTS CO., INC. 


70 West Liberty St. Waterbury, Conn. 














if you need 


Plastic 





flexible or rigid... 
consult YARDLEY 


In any size — from diameters of 4% inch 
through 16 inches — Yardley has proved a 
dependable and economical source of tubing. 
Extruder facilities with annual capacity of 
over 10,000,000 pounds, plus the right 
materials, skilled engineering and personal 
attention — all are yours when you bring 
your extrusion problems to Yardley. e 


These materials: This 16-inch diameter giant 

He of cellulose acetate is 
Rigid and Standard Polyethylene quantity-produced to critical 
Rigid and Elastomeric Vinyl @ Acrylic a oe he oe 
Cellulose Acetate @ Cellulose Butyrate 


Kralastic ¢ Styrene ¢ Nylon ¢ Cycolac 





Our complete tool and die shop is staffed 
with skilled technicians. In addition, we 
maintain ie of 300 section di MAIL COUPON FOR MORE INFORMATION 
one of which may fit your product design. : 
Yardley Plastics Co. 
Columbus 15, Ohio 


| am interested in learning how you can help us find 
better ways to solve our extruded parts problems. 


Wem 
nates Name 


Company 


YARDLEY PLASTICS CO. Street 


COLUMBUS 15, OHIO City__ Zone State 
DESIGN © EXTRUSION © FABRICATION | __ Position 


Met ey 








EVERY THING 


IN PLASTIC MOLDS 


J. G. Tilp can solve all your mold problems. 

We have the know-how and equipment 

to do the complete job, from design 

development to the finished construction 

of the mold. Consult us on your next problem 

in plastics molding—our engineering staff 
will be glad to assist you. 





ENGINEERING 

FINE ENGRAVING & DUPLICATING 
HOBBING 

HARD CHROME PLATING 


| s | T Superior Injection, 
| ( i | P Compression and Transfer 
Section of * es pe INC. Molds for Plastics 


frame dept. est.1916 UNION, N. J. Mailing Address, 
MUrdock 6-7305 | Box 354, Union, N. J. 
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“TOMORROW'S 
Custom Plastic 
— PRODUCTS 


Molders 


DEVELOPMENT: 
Complete product develop- " 
ment service. 

® 


We are now serving leading plastics compa- 
FACILITIES: 
Complete design, nies throughout the United States, Canada 
molding, assembly, 
decorating and fin- and England. 
ishing. . 
Southeastern Florida offers the best location 
in the United States for naturally accelerated 
EXPERIENCE: 
Wide range of consumer actual weathering and sunlight exposure tests. 


and industrial precision ‘ aa 
molded products Quick predetermination of permanency and 


durability is possible at all times of the year. 
Write us today for full information. 


This new brochure 
otaeccow —|' SOUTH FLORIDA TEST SERVICE 
Witho Bags. A. 4301 N. W. 7th Street Miami 44, Florida 


TESTING — INSPECTION — RESEARCH — ENGINEERS 
THE MORNINGSTAR CORPORATION 


156 Sixth St., Cambridge 42, Mass. Est. 1931 

















mm 


DE now equipped — 7 KS  — aie 3 


De aa ie 


with complete facilities 


for production molds... 


A i OU NERD ABS ee i 


are some looks at Mid- 
land's increased facili- 
ties for tooling large or 
small capacity molds 
for precision-minded 
molders. 


molds & dies are made 
by men who have made 
the business a career. 


is the industry’s source 
for intricate and pre- 
cise molds for producing 
intricate and precise 
units. Midland as always 
is ready to quote or 
discuss your mold or 
die problems. 


PLASTICS MOLDS ¢ DIE CAST DIES *HVYOROTEL AND PANTOGRAPH MILLING ¢ HOBBED CAVITIES + STEEL STAMPS * ENGRAVED ores 


MIDLAND DIE & ENGRAVING DIVISION * PREX CORPORATION * FRANKLIN PARK ILLINOIS 


Beimont Avenue and Wolf Road yee 


NAtionail 5-8900 
pres 








midion = 


EXTRUDED THERMOPLASTIC SHEET 


We've helped hundreds of products get off to a good start with easily 
formed, dimensionally stable MIDLON,. Our specialized experience and 
modern ees can help your “offspring” thrive, too. To effect savings 


on your proc 


uct, consult our technical experts about MIDLON, in the ma- 


terial, size and color for your needs. Our central location assures prompt 


delivery. 


FOR VACUUM FORMING e PACKAGING e¢ BLISTER PACKS 


PRODUCT DISPLAYS ¢« POINT-OF-SALE DISPLAYS 


*cellulose acetate * cellulose acetate butyrate 
* ABS * high impact polystyrene * polyethylene 
4 


1801 Chicago Road 


Chicago Heights, Illinois 














LIBERTY MOLDS 
are better by design 


Plastic Molds 
for every operation: 


COMPRESSION 
INJECTION 
TRANSFER 

* 


The skill of experience has made Liberty tops 
in mold making. Using the latest in modern 
equipment, Liberty can make all types of 
plastics molds (including hobs and hobbings) 
to your complete satisfaction. 

You are assured of precision work at a reason- 
able price. 


LIBERTY TOOL & MACHINE CO. 


18 South 20th Street a 
Phone ESsex 4-0600 
WE SPECIALIZE IN CUSTOM BUILT MOLD BASES 


Irvington 11, N. J. 








NATIONAL PLASTIC... 


EVERY FACILITY FOR PRECISION 


CUSTOM MOLDING 


Leading manufacturers of well known products 
have availed themselves of National's vast fa- 
cilities, know-how and years of experience in 
handling every custom molding problem. Staffed 
by skilled engineers, National’s molding division 
offers a complete service in the production of 
factory-perfect molded plastics to exact speci- 
fications. Your inquiry will receive prompt attention. 


MOLDING DIVISION: 


WZ NATIONAL Zeist: Baal Comoary 


Saran & Nylon Filaments — Nevamar High-Pressure Laminates = Wynene Extruded & Molded Produ 
ODENTON, MD. - NEW YORK, N.Y. + LONG BEACH, CALIF. - MIAMI, FLA 











RO TE ABIES: 


THERE’S AN IDEAL 
MARASET RESIN FOR... 


Electrical components are firmly embedded 
and hermetically sealed by Maraset encapsulat- 
ing resins .. . as in this use by Cosmos Indus- 
tries, Inc., Long Island City, N. Y., to protect a 
delicate filter unit from shock, heat, moisture, 
and contamination. 


Metal-forming and plastic-forming tools 
large and small, with simple or complex con- 
tours, are efficiently made with Maraset cast- 
ing and laminating resins. Time and labor sav- 
ings are particularly great in fabricating over- 
size tools like this stretch die used to form 
cluminum aircraft parts at the Cessna plant in 
Wichita, Marblette plastic tools can be con- 
structed to close tolerances, need little finishing, 
Gre easily revised for design changes, provide 
high resistance to abrasion. 





POTTING... 


Maraset epoxy compounds for encapsulating and 
impregnating adhere firmly to ceramics and 
metals, cure quickly, provide high dielectric 
strength and exceptional heat and shock resist- 
ance .. . for amplifiers, transformers, coil wind- 
ings, and many other types of electrical and 
electronic parts and assemblies. 


COATING... 


Maraset epoxy coatings include enamel paints 
and varnishes for effective protection of surfaces 
and finishes . . . trouble-free maintenance of 
wood structures, masonry, concrete, pipes, ma- 
chinery, boats, electrical and other equipment. 
They assure a durable barrier against abrasion, 
heat, humidity, chemicals, and corrosives .. . in 
both indoor and outdoor applications. 


TOOLING... 


Maraset epoxy casting and laminating resins 
create time and labor savings as high as 80% in 
fabricating tools, dies, gages, fixtures, and 
foundry patterns. They make plastic tools that 
are light-weight, easy to handle and store, abra- 
sion-resistant, readily recast for design changes. 
New “special duty” compounds include heat- 
resistant resins that make possible pioneering 
uses such as epoxy components for injection 
molding . . . lead-epoxy formulations for high- 
density castings that provide effective radiation 
shields . . . rubber-like and resilient resins. 


AND YOUR SPECIAL NEEDS 


Whatever your production requirements, there is 
sure to be a standard or “specially tailored” 
Maraset epoxy or Marblette phenolic resin to 
help you increase efficiency, cut costs, outdistance 
competition. For free technical bulletins and 
production aid based on three decades of 
Marblette research — write, wire, or phone 
today: 


M 37-17 Thirtieth St., Long Island City 1, N. Y. 
Telephone STillwell 4-8100 


CHICAGO + DETROIT 


* LOS ANGELES + WICHITA + TORONTO 














This new plant was completed 

in 1957 and provides 16,500 square 
feet of production area. 
Thunderbird Plastics is one of 

the most complete plastics facilities 
in the entire Northwest. We are 
staffed and equipped to 

handle both injection molding and 
vacuum forming work with 
economy, speed and efficiency. 


Nine injection molding machines operate 24 hours 
a day. Molding capacity from 2 oz. to 16 oz. 


(Qe) 
- 


COMPLETE ‘a 
MOLD-MAKING 
FACILITIES 


Write for Colorful Facilities Brochure 


Vacuum forming facilities will handle 
large, 48” x 72” molds. 


THUNDERBIRD ={)=PLASTICS, INC. 


620 Ottawa Avenue + Minneapolis 22, Minnesota + Phone: JUniper 8-4638 


CALL OR WRITE FOR FREE ESTIMATE ON YOUR PLASTIC WORK 











We mold Refrigerator Parts; 
Radio Parts, Escutcheons, Cabinets; Auto- 
mobile Parts; Decorative Trim; Knobs, 
Handles; Toys, Novelties; Houseware 
Items; Premium Goods; Camera Cases; 
Many Other Items. 





Examples of Victory's Precision Plastic Molding 


| assembled high-impact 
4 furniture leg— 
painted ferrule 


hot-stamped 
radio cabinet 
and grille 


large 
acrylic hood 
with 30 
drilled holes 


small 
polyethylene 
port, run 


automatically oil 


victory .. cuicace 


pressure-tested, 
heavy-duty 
acrylonitrile 


Put Victory’s complete facilities to work for you... 


ENGINEERING—Victory’s staff of engineers includes specialists 
in the mechanical, electrical and chemical fields. 


MOLD MAKING—Victory’s complete and modern tool room is 
supervised by men with over 30 years’ “Know-How” specializing 
in injection molds. 

INJECTION MOLDING—Victory’s ultra-modern, high-speed 
equipment, newly expanded production facilities, and competent 
use of controlled molding techniques assure top quality. 
ASSEMBLY—Victory’s conveyor line operation guarantees top 
speed and economy on plastics as well as the most complex electro- 
mechanical assemblies. 

FINISHING—Victory’s up-to-date automatic paint spraying, hot 
stamping and silk screening equipment gives you custom-finish 
jobs at production line prices. 

ATTENTION: SALES ORGANIZATIONS—Victory will manu- 
facture and package your product, individually and in multiple- 
unit cases, preparing it for immediate shipment to your customers. 


“All operations under one roof” saves you time, effort and money. 
Let us help you with your thinking. Contact us NOW! 


ICTORY MANUFACTURING CORP. 

1726 West Arcade Place + Chicago 12, Illinois 

HAymarket 1-7584 ESTABLISHED IN 1930 
Member: Society of the Plastics Industry 


19 PRESSES 2 TO 60 OUNCES 


bow! with insert 














CAST ALUMINUM 
VACUUM FORMING 


) From Your Prints 


» Precision Wood Pattern] 
for accurate checking of ap- 
and dimensions, 


pearance 
fo.. 


Finished Molds 


cored for cooling, gasketed, 


drilled with vacuum 
ready to run 


Pattern and finished mold 
for refrigerator door liner 


Reliance builds highest-quality molds for 
leading vacuum formers. We are equipped 
to do every phase of the job on both small 
and large molds. Fast, reliable service. Send 
prints for quotation. 


RELIANCE PATTERN WORKS 


4350 W. Chicago Ave., Chicago 51, Ill. 
BEimont 5-4124 


Custom Service . . . Fast Delivery on... 
DESIGN of the part best suited for your job 


MATERIAL SELECTION by our plastic laboratory of a 


material to meet your most exacting require 


ments. Elastomeric vinyl—regular or linear poly 


ethylene—regular or impact styrene 


SAMPLES in the correct color and dimensions for your 
approval. 


QUALITY PRODUCTION in volume 


Whether 


weltings, 


bindings 


it will pay 


you require tubings, rods, 


tapes, or special shapes, 


you to consult Vogt 


THIS 75-YEAR OLD FIRM SERVES: 

Retrigeration + Toys + Building + Agriculture + Chemicel + Furniture 
VOGT MANUFACTURING CORP. 

100 Fernwoed Ave., Rochester 21, N.Y. © Detroit Sales Office: 630 Lycaste Ave. 


® 
PRODUCTS 


including NALGON tubing 


Transportation * 


MAKERS OF 














FLAWLESS MOLDS for... 


INJECTION 
COMPRESSION 
TRANSFER 
FIBERGLAS AND 
PREMIX MOLDING 


> This sharply detailed television mask mold 
was expertly made by Anson—wusing a 
16 x 30 Cincinnati Hydrotel, working from 
blocks measuring 5 x 29 x 40 inches. 


@ Anson precision-engineered molds give That’s why so many automobile, refriger- 
ultra-smooth surface finishes to your molded tor, radio, television, and small appliance 


parts. 
@ Anson’s industry-famous polishing depart- 


ment can be relied upon for mirror-like op- 
tical finishes. 


manufacturers, from all over the country, 
specify Anson molds for their products. 


Write today for further information to 


ANSON TOOLS & GAGES, INC. 


@ Anson design engineers have all served for- 


mal apprenticeships in the tool and die industry. 1504 W. 12th St., Erle, Pa. 


@ Anson maintains a wide range of specialized 
equipment for all types of molding problems. 


@ Anson has a long established reputation for ANSON MOLDS FOR PLASTICS 


prompt delivery. 








GENCO QUALITY 


FORMABLE 
SHEETING 


FOR THE 


7 -V:) dey Vee) 
HIGH IMPACT ACRYLIC 
STYRENE 


ACRYLONITRILE GENERAL CELLULOSE 


COPOLYMER PLASTICS ACETATE 
STYRENE conronation BUTYRATE 


up te Sy latainic light to heavy 
a8'wi 
Swit Me) TT ah 
ZUG EY -\, [cj me) Mee) ke) 3 


transparent + translucent + opaque 


CUT TO SIZE --+- ALL FORMULATIONS FOR 


VACUUM FORMING 
GENERAL PLASTICS CORPORATION 


1400 N. WASHINGTON ST. MARION, INDIANA 








LOW COST WAY 
TO MAKE FRIENDS 
AND INFLUENCE SALES! 


¢ Reprints of articles and features that appear in 
Modern Plastics are often surprisingly inexpen- 
sive when ordered in quantity. Many companies 
make it a practice to have stories which have a 
bearing on their business reprinted for distribution 
to their own personnel, customers, prospects, stock- 


holders, or to other interested groups. 


Whenever you see editorial matter of this type in 
Modern Plastics magazine or the Encyclopedia 
Issue which you can use in reprint form, in quan- 
tities of 200 copies or more, write and quotations 


will be furnished promptly. 


INDUSTRIAL MAGAZINE SERVICE 
An Affiliate of Breskin Publications 
575 Madison Avenue 
New York 22, N. Y. 

















CUSTOM 
PLASTIC 
iS 


COMPRESSION, 
FROM DESIGN INJECTION, 


TO DELIVERY : TRANSFER 
MOLDING 


ANY 
THERMOPLASTIC OR 
THERMOSETTING aq 


MATERIAL 
_& 


ANY SIZE 
OR SHAPE 


hig THE YY 
AGT — 
MFG. CO. 


300 ECHO LAKE RD. 
WATERTOWN, 
CONN. 





When you have a product you'd like to have 


molded, you naturally want some advance 


indication as to quality, delivery and price. 
And the sounder the “proof” the better. “That’s 
why we think vou’ll be interested in the facts 


listed below. 


IT’S A FACT: 
disposal one of the largest all-around facilities for 
mold design, production, finishing, assembly and 
shipping in America. 

ITEM: 
whose capacities range from 3 to 60 ounces. 
ITEM: 


equipped to machine any mold that will fit an injection 


Ideal Plastics places at your 


More than 80 injection molding machines 


Two multi-million dollar toolrooms fully 


press. 


ITEM: A 25-man engineering staff with thou- 
sands of successful jobs behind them. 


ITEM: A 3,000-man labor force composed of 
skilled molders, mold makers, experienced assemblers, 


finishers, inspectors, and packers. 


Lillie bolded flaitiid 


IT’S ALSO A FACT: 


of satisfaction is Ideal’s outstanding reputation 


Your best guarantee 


among its customers for “right” product materials 
selection, high inspection standards, on-time de- 


livery schedules, and realistic, competitive prices. 


So—if you have a molding job and you want to 
be sure all the way—there’s no better way than to 
turn to Ideal. For a prompt estimate, simply write 
A. C. Manovill, Vice President in Charge of Sales, 
IDEAL PLASTICS CORP., 184-10 Jamaica Ave- 
nue, Hollis 23, N. Y. Phone: AXtel 7-7000. 


fe Pribediey & Home 





INJECTION MOLDING—EXTRUDING—FINISHING 


SUPERIOR'S skilled de- 
signers and engineers ore 
experienced in the most 
modern methods of esti- 
mating costs and design- 
ing tools for your specific 


SUPERIOR’S complete 
facilities give you bet- 
ter efficiency . . . pro- 
duction savings : . . 
faster delivery. 








needs. 
[= 





SUPERIOR has one of 
the most up-to-date 
and well equipped tool 
shops in the midwest. 





_E 





SUPERIOR'S injection 
molding department is the 
best equipped — most di- 
versified . . . solves every 
thermoplastic material 
problem up to 32 ounces, 





SUPERIOR'S many years. 


of “know-how” has helped 
make famous brand names 
successful—IN EVERY 
INDUSTRY! 





SUPERIOR’S excellent 
reputation is second to 
none in the industry. 








WHY 


SUPERIOR 


CAN PRODUCE YOUR 


PLASTIC PRODUCTS MORE 


PROFITABLY FOR YOU 


—at lower 


ca4t! 








SUPERIOR’S extrusion 
department also has 
the latest, most modern 
equipment and ma- 
chinery available. 











SUPERIOR'S quality con- 
trol and inspection depart- 
ment personally control 
the production of your job 
from start to finish—insur- 
ing high quality product 
requirement. 








SUPERIOR'S production 
lines have been designed 
so flexibly they can be 
quickly re-arranged to ad- 
just to varying finishing 
operations as required for 
different products. 





Makers of 
Skeleton” 
items. 


“The Modern Man 
and related scientific 


We are also specialists in 
the producing of advertis- 
ing specialties and volume 
premiums on package in- 
serts. 

PHONE OR WRITE TODAY 
FOR Gree FACILITIES 


FOLDER! 


SUPERIOR PLASTICS INC. Dept. 300 41490 NoRTH oakiey BoutevaRD 


SUPERLON PRODUCTS CHICAGO 12, ILL. @ 


PHONE: CANAL 6-4540 





The West's pioneer 
plastics molder... 
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Specialiate 


... has the facilities and know-how 
to serve you better! 
design and 
development 

for 
injection 
molding 


Sierra’s modern plant in Gardena, 
California covers over 80,000 square feet 
and is tooled to meet the most exacting 
specifications and delivery schedules. 
More than three decades of custom 
plastic molding experience, primarily in 
electro-mechanical and industrial 
components, provides the know-how 
For a complete service — engineering, 
tooling, molding of all types of materials, 
finishes and assembling—see SIERRA. 


- 
SIERRA <, ELECTRIC 


1 Street, P.O. Box 85, Gardena, California 








From rough to re ady... Under one roof! 


MADAN PLASTICS 


Designs, Injection Molds, Vacuum Forms and Finishes 


Examples: Injection Molding, Assembly, Finishing 


ICE BUCKETS... 


Injection molded of transparent 
polystyrene with gold metal 
flakes imbedded. All molded 
parts, assembled and boxed, 
ready for shipment. 


ELECTRIC BLANKET 
CONTROL BOXES... 


Made of non-inflammable ace- 
tate (underwriters approved), 
assembled with brass studs and 
hot stamped indicia on knobs. 


(“= (FP 
= T= 
MEDICAL THROAT INSERTS... 


Molded of soft, natural colored 
polyethylene. 


RADIO CABINETS... 


Injection molded of high impact 
polystyrene on a 48 ounce 
machine 














LOGOTYPES... 


Molded of poly- 
styrene, gold 
sprayed. 


RING AND WATCH BOXES... 
Molded...sprayed... assembled. 





Examples: Vacuum and Drape Forming 
PLAQUES $$, 
»\\ (RELIGIOUS)... 
Formed, | : — SIGN GAME 
trimmed, PART... : PART... 
colored and ! : , 
” een ‘ : .040 clear, colored red and white. .030 red, formed, pierced, ink rolled. 
From a rough sketch to a finely-finished plastic piece standards. For such operations as injection molding, 
ready for use, MADAN PLASTICS has the diversified vacuum forming, drape forming, die forming, die-cutting, 
facilities to do the whole job. In the industry’s newest spraying, hot stamping and any other plastic producing 
temperature-controlled plant, using only the most mod- operations, there’s no match for MADAN PLASTICS. 
ern equipment with capacity up to 48 ounces, and with Our background of experience since 1919 saves you 
experienced personnel, MADAN PLASTICS can guaran- money. 
tee prompt delivery...and strict fidelity to highest Plastic Fabricators For The Trade 


Write today for immediate quotation or fully illustrated facilities booklet. 
370 North Avenue 
MADAN PLASTICS, tNCG. Coe Now Jersey 


Phones: CRanford 6-8484 & 5 e .Blgelow 8-6240 e New York Phone: WOrth 4-3638 
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T. enable the readers of Mop- 
ERN Puastics Encyclopedia Issue 
to keep track of the newest devel- 
opments and processing techniques 
throughout the field of fabricating 


and finishing of plastics, the fol- 
lowing chapters have been pre- 
pared, The page numbers of the 
various articles are given in the 
“In This Section” index, above. 


DECORATING MOLDED PLASTICS 





BY LLOYD E. PARKS* 


Wile painting is the last in a 
long series of steps in producing 
decorated plastics parts, quality 
and ease of decoration are de- 
pendent on all previous opera- 
tions. Agreement through com- 
promise must be reached between 
the artist and the engineer, both 
making such changes as are nec- 
essary to produce quality parts 
practically and economically. 


Design and molding 


Plastics parts must be molded 
relatively free of stresses to avoid 
unnecessary crazing or cracking 
in use. Stresses may be intro- 
duced when parts are machined, 
flexed, shocked by impact, or sub- 
jected to abrupt and uneven 
changes in temperature or the 
action of certain solvents. Craz- 
ing results in distinct surface 
cracks or minute frost-like inter- 
nal cracks when stresses exceed 
the tensile strength of the plastics. 
When local stresses are present 
. President, Parks & Co., 1413 Wachovia Bldg., 
Charlotte, N. C., and Vice president, Bee 


Chemical’ Co., 12933 S. Stony Island’ Ave., 
Chicago 33, Ill. 


870 


but are less than the tensile 
strength of the plastic, the part is 
under strain and may appear per- 
fectly sound yet may crack or 
craze at a later time if additional 
stresses, sufficient to exceed the 
tensile strength, are introduced. 
Quality parts must be molded 
relatively strain-free and this is 
particularly important if they 
are to be decorated by painting 
(1).1 

If parts are to be decorated on 
the second surface, assembly lugs, 
reinforcing ribs, metal inserts, 
knockout pins, and sprues must 
be located with care since they 
may show through the clear plas- 
tic and spoil the effect. If parts 
are to be spray painted in more 
than one color, edges and corners 
must be sufficiently sharp to in- 
sure close fitting of spray masks. 
Narrow deep grooves and small 
holes must be sprayed at a very 
small angle, which tends to fill 
the bottom of the groove or hole 
without coating the side. Paint 


1 Numbers in parentheses link to Special ref- 
erences, p. 874 


tends to pull away from small 
raised angles, making them more 
difficult to spray than large angles 
or areas which have rounded sur- 
faces. 

If a part is to be silk screened, 
the area must be flat or at least 
smoothly curved. If letters are to 
be filled by the spray and wipe 
method, they must be sufficiently 
deep to avoid wiping the wet paint 
from the indentation. 

If parts are to be decorated 
completely or in part by hot- 
stamping, the method of hot- 
stamping should be determined 
in advance and the part designed 
for the operation. 


Annealing 


Even with the best of design 
and molding techniques, many 
parts must be annealed to avoid 
rejects on the paint line. Some 
molders anneal all plastic parts; 
others anneal only those that can- 
not be molded sufficiently free of 
strain for decorating. In the case 
of the latter, the decision to an- 
neal comes after all attempts to 
adjust paint solvents and molding 
cycles fail to produce parts satis- 
factory for decorating. 

The most satisfactory method 
of annealing is to apply heat at a 
relatively low temperature for a 
long period of time. Polystyrene 
is commonly annealed at approxi- 
mately 140° F. for 4 to 8 hr., de- 
pending on the type and size of 
the part. Acrylic parts may be 
annealed at 135 to 160° F. for 
varying lengths of time depend- 
ing on the type of part and the 
type of acrylic plastic. Parts of 
either acrylic or polystyrene may 
be taken directly from the press 
and dipped into hot water for an- 
nealing. Seven to 10 min. at 140 
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to 180° F. should be sufficient for 
most parts. However, the precise 
temperature and time cycle must 
be worked out separately for each 
part. 

There is a chance of warping 
parts in the annealing operation 
and in some cases it is necessary 
to clamp them in a jig to maintain 
shape. 

When annealing in a _ water 


TABLE I: Classification of paint solvents 





Low-boilers Intermediate-boilers 


High-boilers Extra-high-boilers 





Cellosolve acetate 
Butyl Cellosolve 
Butyl lactate 
Methyl carbitol 
SC-150 


Methanol Isopropyl alcohol 
Ethyl acetate Sec-butyl acetate 
Isopropyl acetate Methyl Cellosolve 
Aectone Methyl isobutyl 
Methyl ethyl ketone 

ketone Toluene 
Hexane VM & P naphtha 


Amy] acetate 
Butyl acetate 
Butanol 
Diisobutyl ketone 
Xylene 

SC-100 

Methyl Cellosolve 


bath, it is common practice to use 
a small amount of detergent to 
promote wetting of the part and 
rapid draining as parts are re- 
moved from the bath. Such wet- 
ting agents may also serve to re- 
duce static electricity on the part 
and thus reduce the amount of 
dust collected between annealing 
and decorating. Such wetting 
agents should be selected with 
extreme care, since they remain 
on the part and may adversely 
affect paint adhesion. 


Cleaning the part 


It is desirable that plastics parts 
be designed so they can be molded 
relatively strain-free without the 
use of mold lubricant. Mold re- 
lease lubricants interfere with 
paint adhesion and must be re- 
moved. Moderate amounts of 
stearate lubricant may be re- 
moved with solvents which do not 
attack the plastic surface. Sili- 
cones are more difficult to remove 
with solvents. The Dow Chemical 
Co. (2) recommends a solution of 
4 oz. of Oakite No. 24 in 1 gal. of 
water for removing silicone lubri- 
cant. A 20-min. immersion of the 
molded part in the solution at 145° 
F. is recommended, followed by a 
water rinse. This solution will also 
remove stearates and other con- 
taminants. 

Parts should also be dust-free 
for decorating. It is helpful to dip 
the parts in an antistatic solu- 
tion immediately after molding to 
reduce the amount of dust con- 
tamination between molding and 
painting. Antistatic agents which 
do not adversely affect the paint 
adhesion must be chosen. 

Some parts are wiped just be- 
fore painting to remove dust 
and other contamination. 


Paints used 


Plastics differ in physical and 
chemical properties, and these dif- 
ferences affect the type of paint 
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Heptane 


acetate 





required. It is, therefore, impor- 
tant to select a paint specifically 
for the plastic to be decorated. 

In the plastics industry the term 
“paint” is used broadly to cover 
both lacquers and enamels (3). 
Lacquers are particularly desira- 
ble for use on thermoplastic sur- 
faces since the film hardens 
without baking. This eliminates 
the possibility of heat shrinkage 
and warpage of molded parts. 
Also, parts rejected because of 
blotches or errors in painting can 
usually be reclaimed quite easily 
by removing the paint with a 
combination of paint solvents in- 
active toward the plastic. Enamels 
harden by solvent evaporation 
and subsequent oxidation or poly- 
merization or both. Enamels may 
be considered as_ thermosetting 
and are particularly useful for 
thermosetting plastics such as 
phenolic, polyester, urea, and 
melamine where reasonably high 
baking temperatures can be toler- 
ated without damage to the part. 

Colors: Plastics parts are deco- 
rated to make them look better; 
in most cases the paint serves 
no other purpose. Accordingly, 
color is most important. To facili- 
tate production color matching 
and color control, it is recom- 
mended that designers use a 
reasonable number of pigments, 
no more than three or four at 
the most, in arriving at colors. 
It is most important to work with 
single pigment colors in blending 
at the design stage. It is a mistake 
to blend three or four matched 
colors, each of which may contain 
three or four pigments, and ex- 
pect an exact or even an approxi- 
mate match in production. 

Preparation for use: Paints are 
mixtures and in all cases it is nec- 
essary to stir well before using to 


assure uniformity. Unless careful 
study is given to selecting an 
alternate, the recommended thin- 
ner should always be used. Ad- 
hesion, gloss, humidity blush 
resistance, cratering, orange peel, 
etching, crazing, dry time, and 
stability of the paint system may 
depend on the thinner. 

Control: In setting up a deco- 
rating job it is important that 
paints be evaluated thoroughly 
and specified to meet the require- 
ments of the application. Such 
points as grease resistance, hu- 
midity resistance, stain resistance, 
light resistance, heat resistance, 
abrasion resistance, gloss, adhe- 
sion, viscosity, and percent solids 
should be checked. Once the dec- 
orating job is under way, it is im- 
practical to check all these points 
on each incoming batch of paint. 
Such control is unnecessary since 
it is improbable that basic errors 
in formulation will occur that 
cannot be detected by less exten- 
sive routine control. 

However, each batch should be 
thoroughly mixed and checked 
for color. If special thinners or 
retarders are used to correct 
problems in production, the color 
should be watched to catch any 
irregularities that might arise 
from improper compounding. 

Production parts should be 
checked by visual inspection and 
a spot check should be made for 
adhesion. Many companies have 
accepted transparent Scotch tape 
#600 and masking tape #202 
(Minnesota Mining and Manufac- 
turing Co.) as the standard ma- 
terials for the adhesion test. 


Methods and equipment 


In decorating molded parts, 
color is added by spraying, silk 
screening, dipping, rolling, or hot- 


871 





stamping. Basically, these are the 
same methods used for years in 
decorating other surfaces (4, 5). 

Spray coating: Spray coating 
is widely used for decorating all 
types and sizes of plastics parts. 
The method is particularly adapt- 
able for painting large areas and 
uneven surfaces and for the ap- 
plication of multiple colors by the 
use of spray masks. Spray coat- 
ing is quite economical as a deco- 
rating method and productivity 
is high in well-equipped paint 
shops. 

Suction feed guns and reason- 
ably small suction cups are com- 
monly used in spraying small 
areas and parts in short runs. 
Uniformity of the paint film de- 
pends on careful adjustment of 
paint viscosity, air pressure, and 
upon the gun opening. 

Pressure feed tanks are used 
almost exclusively for spraying 
large areas or in long runs re- 
quiring a large volume of paint. 
The tank is connected directly to 
a conventional hand or automatic 
spray gun by a fluid hose and 
the paint is forced from the tank 
to the gun by air pressure. Since 
pressure feed tanks are station- 
ary in operation, they should be 
equipped with air agitators to 
keep the paint well mixed. This 
is particularly important in the 
spraying of paints in which par- 
ticles such as pearl essence and 
metallic powders have been sus- 
pended. 

Uniformity of spray application 
is particularly important in spray- 
ing metallic and pigmented me- 
tallic finishes. If one panel is 
sprayed extremely dry and an- 
other extremely wet, the colors 
may differ appreciably due to the 
difference in the degree of flood- 
ing of the powder. If sprayed dry, 
the film may be almost immobile 
when it hits the plastic, thus 
allowing very little flooding or 
orienting of the powder. If the 
film is extremely wet, the powder 
may flood excessively, giving a 
quite different color. 

For spray application, paint 
is usually thinned to a standard 
viscosity suitable for the particu- 
lar job. It must be thinned suffi- 
ciently to spray, yet the resulting 
film must be viscous enough to 
hang on corners and edges when 
the paint hits the part. This is ac- 
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complished by use of a low-boil- 
ing solvent which evaporates be- 
tween the spray nozzle and the 
plastics surface, allowing for an 
increase in viscosity in the paint 
before it hits the surface. Extra- 
high-boiling, high-boiling, and 


most of the intermediate-boiling 
solvents strike the plastic part 
with the paint as it is sprayed 
and control the properties of the 
wet paint film. Groups of solvents 
are classified in Table I, p. 871. 


Screen process printing 


The general subject of screen 
process printing has been covered 
in detail by Kosloff (6) and most 
of the general technology is use- 
ful in decorating plastics. 

The process is used extensively 
for printing both flat and curved 
surfaces on a wide variety of 
molded parts. It is particularly 
adaptable for multi-color deco- 
rating by successive screening op- 
erations with a series of different 
screens. It is more economical 
than spraying for decorating 
elaborate designs. 

The basic equipment used in 
screen process printing is the 
screen, commonly called the “silk 
screen,” regardless of the fabric 
used in its construction, and the 
squeegee which is used to force 
paint through the design in the 
screen to the part being printed. 

The screen consists of a taut 
woven fabric securely attached to 
a rectangular wooden framework 
and carefully masked with a sten- 
cil in a manner that will allow 
paint to be pressed through the 
fabric only at areas where the 
stencil is open. 

Woven silk, nylon, copper, 
stainless steel, and many other 
materials are used in making 
blank screens. Nylon has replaced 
silk and is perhaps the material 
most commonly used in screens 
for printing molded plastics parts. 

The mesh of fabrics used in 
screens for such work usually 
varies from 125 to 150. However, 
screens are commonly classified 
by the number classification of 
the fabric used. By this system, 
numbers 12, 14, and 16 screens 
are most common. As the num- 
ber increases, the mesh of the 
screen becomes finer, with a re- 
sultant thinner film of paint on 
the printed part. Thin films give 


better detail but may result in 
poor hiding. 

Design printing: For design 
printing, a stencil must be added 
to the blank screen. This may be 
accomplished by several meth- 
ods. However, simple water-ad- 
hering film and _ photographic 
stencils are generally used in 
screens for printing molded parts. 
Sheet stock designed for water- 
adhering film stencils is available 
from The Craftint Mfg. Co. 
Cleveland, Ohio, and other sup- 
pliers. It consists of a water- 
soluble film backed with a thin 
sheet of plastics or specially pre- 
pared paper. 

Photographic screens are used 
extensively and are particularly 
desirable for intricate designs. 
Essentially the process is quite 
similar to printing a snapshot 
from a negative. The commonly 
used positive film is called “car- 
bon tissue” and consists of pig- 
mented gelatin emulsion, or a 
similar colloidal film supported by 
a backing which can be a flexible 
plastic. 

Applying the paint: The squee- 
gee is a tool used to force paint 
through the design area of a 
screen in the painting operation. 
It is made of solvent-resistant 
material and is equipped with a 
handle for hand operation or with 
a holding device which can be 
designed to be used in machine 
operation. 

The squeegees are usually 
about 0.25 to 0.50 in. thick and 
for good printing the working 
corners must be kept sharp by 
sanding the bottom or working 
end. A small vertical jig with a 
slot about as wide as the thick- 
ness of the squeegee and with 
fine sandpaper in the bottom is 
useful for this operation. Squee- 
gees must be kept clean and it is 
desirable to have a different one 
for each color. For a particular 
operation, the squeegee should be 
slightly shorter than the inside 
of the screen frame to allow ease 
of operation, but it should always 
be long enough to cover the en- 
tire design area in just a single 
stroke. 

The flat plastic part is placed 
under the screen, in register, and 
the screen adjusted for a clear- 
ance of approximately % inch. 
This clearance serves the purpose 
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of allowing a line contact as the 
squeegee is pulled across the 
screen under pressure in the 
printing operation. The operator 
takes the squeegee firmly, pref- 
erably in both hands, and dips it 
into the paint, leaving a small 
amount in front of the squeegee 
along its entire length. It is then 
pulled forward over the design 
with an even stroke and enough 
pressure to make a line contact 
with the plastic part as it moves. 
The squeegee is returned to the 
back, the screen lifted, and the 
printed part is then removed. 
Good screening paints or inks 
are available for use on practi- 
cally every type of plastics in- 
cluding treated polyethylene. 
Paint must be selected, however, 
for the particular job and for the 
plastic to be decorated. Gener- 
ally speaking, lacquers are more 
desirable than enamels for print- 
ing thermoplastics, as was the 
case with spray finishing. Enam- 
els are generally more desirable 
than lacquers for thermosets. 
Some molded plastics parts are 
screened by automatic or semi- 
automatic setups when volume 


production is required. This is 
particularly true of parts such as 


bottles and containers, which 
often have curved surfaces. 


Dip coating 


Dip coating is economical and 
is used widely in decorating 
novelties, toys, and other objects 
that require only one color and 
are so designed that excess paint 
will drain off without being 
trapped. From the standpoint of 
appearance, dipping gives a very 
uniform paint film, but it should 
be noted that rapid production 
prohibits application of uniform 
paint thickness. If parts are with- 
drawn from the dip tank at a rate 
faster than they drain, the film 
will be thicker at the bottom and 
excess paint will remain on the 
bottom edge as a line or tear. 
Such tears may be removed by 
spinning the part or by hand 
wiping at some extra cost. For 
large-scale production it may be 
desirable to remove parts slowly 
for better drainage. 

When pigmented paints are 
used, some method of agitation 
must be arranged to assure uni- 
formity of the mixture. This may 
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Fig. 1: Mold release lubricants interfered with paint adhesion in the 
piece on the left. The numerals are depressed into the second sur- 
face, painted in a light color, and viewed through the plastic. The 
white areas indicate where the paint “bridged,” or pulled away from 
the corners in the bottom of the numerals 


be accomplished by pumping ma- 
terial from the bottom to a point 
just beneath the top surface of 
the paint mixture or it may be 
done with a mechanical agitator 
as long as the formation of air 
bubbles is avoided. 

The solvent system of dip fin- 
ishing must be adjusted to allow 
good flow-out and drain without 
sagging. The gel time and film 
thickness may be _ controlled 
somewhat by use of low-boiling 
solvents which serve to reduce 
the viscosity of the paint in the 
dip tank but evaporate rather 
rapidly on application. Paint in 
dip tanks may lose solvent with 
a resultant increase in viscosity. 
This can be corrected by the ad- 
dition of the proper 
thinner. 

Parts may be dipped singly, by 
hand, or by jigs that hold several 
parts. If they are withdrawn more 
rapidly than they drain, a drain 
board must be provided to catch 
drippings. Chain conveyor instal- 
lations are used for large-scale 
production. 


make-up 


Roller coating 


Small raised areas such as let- 
ters, figures, and designs may be 
decorated with paint by roller 
coating. This method is particu- 
larly useful in many cases as an 
alternate for hot-stamping. It has 
an advantage over spray coating 
for such operations in that simple 
loose-fitting block masks may be 
used or the part may be rolled 


without a mask. For best results 
the raised should have 
smooth flat surfaces and all points 


areas 


to be roller coated in one opera- 
tion should be in one plane or at 
least be in a cylindrical arc. The 
edges and corners should be 
sharp for good detail. . 

The paint must have good ad- 
hesion since many raised areas 
are especially subject to wear. 
The solvent system must be bal- 
anced to allow flow-out but the 
film must gel or become immobile 
before it has a chance to run off 
the raised area. 

Hand rolls are commonly used 
for short runs and for areas that 
cannot be rolled by machine. A 
small amount of paint is placed on 
a flat surface such as glass and 
the roll is coated by rolling it 
back and forth in the paint. The 
coated roller is then moved back 
and forth over the raised area to 
transfer the paint. Automatic 
roller coating machines are avail- 
able for handling large runs but 
must be adapted to the particular 
job. 


Fill-in marking 


Depressed letters, figures, and 
designs on either the first or sec- 
ond surface of plastics may be 
easily and rapidly filled by the 
spray-and-wipe method. A single 
depression or a series of depres- 
sions may be filled by spray coat- 
ing the general area without a 
mask, or spray coating a re- 
stricted area around the depres- 
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sions with a loose-fitting block 
mask. The job is completed by 
buffing or wiping the excess paint 
from the area surrounding the 
depressions. The wiping operation 
may be performed by hand or it 
can be accomplished with an au- 
tomatic machine. 

In the automatic setup, parts 
are secured in a cup-like jig and 
raised by an air lift for wiping. 
The shaft holding the parts ro- 
tates, thus wiping the part on the 
cloth as pressure is exerted by 
the opposing cushioned jig. 

Enamels must be removed be- 
fore they cure and it is desirable 
that lacquers be wiped before 
they are completely dry. Since 
regular lacquers and enamels are 
sticky by nature, it is always 
necessary to remove the last 
traces with a solvent which does 
not attack the plastic. Spray-and- 
wipe finishes must be formulated 
to avoid etching the plastic. In 
the case of second surface deco- 
rating, etch will show up against 
the color subsequently applied 
over the area; it will also mar 
appearance in the case of first 
surface decorating, particularly if 
the area surrounding the fill-in 
is not painted. 

“Dry-wipe” formulations are 
generally more desirable than 
regular lacquers and enamels for 
fill-in. These 
highly pigmented materials are 
easy to use and may be wiped or 


spray-and-wipe 


buffed without a solvent over a 
period of time ranging from 
about 20 min. to several hours 
after spraying. Generally these 
materials have poor gloss as a 
result of the very high pigmenta- 
tion and it takes them several 
days to reach maximum hard- 
ness. They can be packed or fur- 
ther decorated almost immedi- 
ately after the buffing operation; 
if parts are to be decorated by 
the spray-and-wipe method, the 
depressions must be rather deep 
and narrow to avoid complete re- 
moval of the paint in the wiping 
or buffing operation. 


Roll-leaf hot-stamping 


Molded plastics parts may be 
decorated rapidly and economi- 
cally by roll-leaf hot-stamping. 
The process is particularly good 
for relatively small letters, fig- 
ures, and designs, and may be 
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used for reasonably large areas if 
care is taken that the parts are 
properly designed. 

Roll-leaf consists of a flexible 
ribbon of paper, cellophane, cel- 
lulose acetate, or similar sheet 
stock with a colored coating on 
one side. The hot-stamping proc- 
ess consists of transferring this 
coating from the flexible backing 
to the molded plastic part by 
pressure and heat. 

Roll-leaf is supplied in a wide 
range of both transparent and 
opaque colors, and is available 
with several different types of 
coatings formulated for adhesion 
to various kinds of plastics. Hot- 
stamping equipment varies from 
the manually operated press to 
the completely automatic setup. 

The plastics part is nested firm- 
ly in or on a jig under the head 
of the press, and the roll-leaf, fed 
under the head of the press, is 
brought 
with the plastic by an electrically 
heated die in the press head. Con- 
tact is held for a dwell time suf- 
ficient to soften the coating and 
transfer it to the plastics surface, 
where it is bonded by the heat 
and pressure. Contact is then 
broken and the stamped part re- 
moved for further processing or 
packing. No drying of the part is 
needed. 

Hot-stamping introduces rather 
severe stresses into plastics parts 
and it may be desirable to anneal 
such parts before decorating 
them further with paint or before 
putting them into use. 


into pressure contact 


Clean-up and inspection 
Clean-up and inspection are 
important last steps in the deco- 
rating process. The amount and 
type of cleaning required de- 
pends on the type of part deco- 
rated and the type of decoration 
used, For example, clear parts 
that have been spray-decorated 
on the second surface may have a 


SPRAY MASKS 


collection of paint overspray on 
the first surface that can be re- 
moved by wiping the entire area 
with a solvent that does not at- 
tack the plastic. For most plastics 
surfaces this is a simple operation 
when lacquers are used. However, 
when enamels are used, over- 
spray must be removed before it 
sets or cures. Such a wiping op- 
eration will remove other surface 
contaminants including dust. An- 
tistatic preparations may serve 
as a cleaning solvent and at the 
same time reduce the static 
charge on the plastic part, thus 
protecting it from dust collection. 

The amount and type of inspec- 
tion depends on the particular job 
and a statistical study of the op- 
eration. A sufficient number of 
parts should be inspected to as- 
sure shipment of parts that will 
meet the customer’s specifications. 
Inspection of decoration should 
include a visual check for craze 
lines, etched surfaces, color of 
decoration, gloss of finish, cover- 
age, and general appearance of 
the over-all job. 
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BY HAMILTON E. MACARTHUR* 


Spray painting has become an 
important process for decorating 
plastics. The areas not to be 
painted are covered by a durable 


* President, Conforming Matrix Corp., Toledo 
Factories Bldg., Toledo 2, Ohio. 


form-fitting metal mask. Masks 
made by electroforming are pre- 
ferred because they conform to 
the contour of the article, and are 
superior to shaped sheet metal, 


stampings, or metal castings; 
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Fig. 1: The lip mask for 
sunken design 
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Fig. 2: The cap mask for 
capping raised design 


castings of conventional metals, 
made from the plastics article as 
a pattern, do not fit well because 
of shrinkage; castings of low- 
melting alloys fit satisfactorily, 
but are weak and not durable. 

There are four basic types of 
electroformed masks: 

The lip-type mask (see Fig. 1, 
above) is used for painting a 
depressed name or design. In this 
mask, a lip of metal extends down 
the vertical side wall of the de- 
pressed design, all the way or 
only part way down the side wall 
(depending on the result desired). 
This lip must be thin, yet strong. 
The centers of letters and num- 
bers such as O, A, 6, or 8 must be 
securely held in place by bridges. 
The fit and the lip of the mask 
ensure a clean sharp paint line. 
Draft angle of depressed design 
hould be at least 5 degrees. 

The cap type (Fig. 2, above) 
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is the reverse of the lip. It 
is used where the embossed name 
or design is to be kept clean while 
painting the background. The lip 
of metal must cover the vertical 
side walls all the way to the 
bottom, so as to completely pro- 
tect the embossing. 

The plug mask (see Fig. 3, 
right) is used for protecting a de- 
pressed design while painting the 
background. Its principal use is 
with transparent articles such as 
automobile horn buttons and 
doors of refrigerator evaporators 
and for applications where vac- 
uum metalizing is required. Here 
again, the positive fitting essen- 
tial to prevent fogging on vertical 
side walls and bottoms of such 
designs is accomplished by elec- 
troforming directly into the de- 
sign. The plugs are cut out, and 
finished with the proper radii and 
draft angles to facilitate painting. 
They are then suspended by fine 
wires, usually attached to a frame 
so as to provide a unit which can 
be handled in production. 

In designing molds, the engi- 
neer must remember that the 
draft angles of the depressed de- 
sign should be kept to a minimum, 
preferably not more than 5 or 7 
degrees. 

Spray painting through a block 
cut-out mask (see Fig. 4, right) 
is a variant of fill-in painting. The 
method is used primarily in filling 
depressed letters and calibration 
marks on such articles as knobs 
for stoves and radios, since spray 
painting is not satisfactory for ar- 
ticles with fine calibrations. For 
masking small letters and pips, 
the openings in the mask would 
be so small that’ they would im- 
mediately become filled with 
paint. Instead, a cutout is made 
to enclose each character or group 
of characters, to confine the paint 
to the immediate area. Then, the 
excess on the surface is removed 
by wiping or buffing, leaving the 
depressed characters filled with 
paint. Articles made in multiple- 
cavity molds are not fully uniform 
in dimensions, but the block cut- 
out mask can usually be designed 
to accommodate all of them. 

The mold engineer should de- 
sign the mold with thought to the 
problems | of Slight 
changes in the demarcation of 
colors which will not essentially 
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change the design of the article 
may definitely facilitate masking. 

Other factors in mold design 
and molding have more funda- 
mental influence on the ease of 
decorating the molded article. 
The position of knockout pins, 
radii, flat spots, and contours can 
make the decorating job very 
difficult and costly or easy and 
inexpensive. If dimensional differ- 
ences between cavities cause 
trouble, articles with different 
cavity numbers can be handled 
separately. Mold lubricants 
should be used very sparingly 
unless provision is made for re- 
moving them from the molded 
articles. 

With this method of masking 
irregular shaped parts, pieces can 
be decorated where the desired 
areas to receive paint are at dif- 


ferent levels. Besides electro- 


Fig. 3: Plug mask for pro- 
tecting depressions 














Fig. 4: Block cut-out plane 
surface mask 

















formed durable metal masks, 
many masks are made by spin- 
ning or fabricating. 

A more recent development 
uses resin-impregnated fibrous 
glass masking shields. If the job 


is for ferrous metal parts, magnets 


may be incorporated in the masks 
to hold them snugly against the 
piece. However, plastics masks 
having a degree of flexibility so 
they may be wrapped around the 
plastics part are gaining wide at- 
tention. 
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BY T. J. LABOUNTY* and JOHN SCHARNBERG** 


Yacuum metalizing of plastics 
falls into two major categories, 
functional and decorative, with 
subcategories of first surface and 
second surface, or backside, ap- 
plication. 

An example of first surface 
functional application might be 
the reflecting side of a flashlight 
reflector. Decorative first surface 
such 
objects as metalized toy cap guns. 


application could include 
A second surface decorative ap- 
plication is one in which the met- 
alized surface is viewed through 
the clear plastic—e.g., the es- 
cutcheon of an auto horn button. 

The most commonly used metal 
in vacuum metalizing on plastics 
is aluminum. It is relatively easy 
to evaporate and has the same 
color as polished chrome. With 
a top coat of laquer, it can be dip 
dyed to simulate any metallic 


color. 


Metalizing process 


To describe the metalizing pro- 
cess briefly, the parts to be 
vacuum metalized are first lac- 
quered. This coat is referred to 
as the base coat. When the base 
coat is properly cured or free of 
volatile solvents to the extent 
it will not outgas, the parts and 
the fixtures they are mounted 
upon are placed in a vacuum 
chamber. In the center of the 
vacuum chamber are strands or 
coils of tungsten wire filament: 
aluminum staples are hung on 
coils. The 
connected to several electrodes 
running lengthwise to the axis 
of the vacuum chamber. (In this 
case, we are speaking of a hori- 


these filaments are 


zontal vacuum chamber as op- 
posed to a vertical bell.) The 
number of filaments used depends 

pres., Bee Chemical Co., Logo Div., 
3 South Stoney Island Ave., Chicago, Ill., 
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upon the type of metal to be de- 
posited and the degree of uni- 
formity desired. The pressure in 
the chamber is reduced to 0.5 
microns or lower and the fila- 
ments are heated to incandes- 
cence at 1200° F. The aluminum 
melts and spreads evenly over 
the tungsten filaments. The tem- 
perature is raised to approxi- 
mately 1800° F. and the aluminum 
evaporates. This evaporation or 
flashing takes from 5 to 10 sec- 
onds. During this period, all 
parts that are exposed or in di- 
rect line to the evaporated alu- 
minum receive a thin deposit of 
aluminum. The parts are now re- 
moved and given a top or protec- 
tive coat of lacquer. 

The function of the aluminum 
is to provide both reflectance and 
opacity. Since an aluminum film 
thickness of 1/300,000 in. will 
provide opacity, the cost of alu- 
minum is negligible. One pound 
will cover approximately 25,000 
sq. feet. 

After aluminum, the second 
most commonly used material for 
commercial evaporation is a cop- 
per alloy consisting of 88% cop- 
per, 10% aluminum, and 2% 


nickel. 


The base coat 


The base coat may be applied 
by either spray, dip, or flow 


coating techniques. It should 
have the following characteristics: 

1) Good adhesion to the plastic. 

2) Solvents which will not at- 
tack the plastic should be used. 

3) A solids content sufficiently 
high to cover minor scratches 
and to supply a good polished 
base for the metallic deposits. 
The better the base coat hides 
these minor flaws and imperfec- 
tions, the higher the gloss or re- 
flectance of the metalized surface. 

4) Cures in such a manner so 


as to not distort the 


molded 


piece. In the case of most ther- 
moplastics, curing temperatures 
of 140° F. for short periods of 
time are about as high as you can 
safely go. 

5) The formula must be so 
balanced that it will dry smoothly 
and rapidly without showing sags, 
craters, or drips. 

6) Depending on the plastic, it 
must be an effective barrier to 
minimize outgassing during the 
metalizing operation. 

7) It must allow the aluminum 
to have good adhesion to it and, 
in the case of second surface 
applications, have dried film 
clarity. 

8) It must produce consistent 
results in production. 

These requirements are general. 
Under certain conditions, the 
coatings may also be required to 
withstand salt spray, humidity, 
etc. 


The top coat 


The top coat is a protective 
coat. This, too, can be applied 
by different techniques, but it 
should have these properties: 

1) Good adhesion to the metal- 
ized surface. 

2) Provide a finish of high gloss 
and transparency. 

3) Should not discolor or im- 
pair light reflectant properties 
of the aluminum coating. 

4) Cure or air dry in a suffi- 
ciently rapid manner so as not 
to hamper production. 

5) It should be scuff- or abra- 
sion-resistant. 

These requirements are general. 
In many instances, additional 
properties are required. 

It is not true (although often 
stated), that some solvent action, 
(often called bite), on the plas- 
tic is necessary for good adhe- 
sion of the coating. It is true, 
however, that each type of plastic 
may require a different solvent 
blend which must not only pre- 
vent crazing, but also allow for 
proper flow-out and homogeneity 
of film. 


Acetates 


Cellulose acetates are not com- 
monly vacuum metalized by the 
batch or job shop operator, but 
proprietary items of acetate are 
being vacuum metalized. 

An evaporated aluminum coat- 
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ing will adhere to acetate; how- 
ever, drawing a high vacuum on 
a bare or uncoated acetate pre- 
sents several problems because of 
the plasticizer which is added to 
the polymer to facilitate process- 
ing or to increase flexibility or 
toughness. These problems be- 
come more serious as the amount 
of plasticizer is increased. 

When a high vacuum is being 
drawn, the plasticizer begins to 
outgas. Outgassing increases with 
rising temperature and diminish- 
ing pressure. On short runs, some 
people preheat and outgas the 
parts and then cool them before 
beginning vaporization of the 
metal. Outgassing is expensive, 
in that it causes a long draw- 
down time; also, these vapors 
contaminate the equipment and 
interfere with uniform deposition 
of the aluminum plate. The effi- 
ciency of the vacuum unit gradu- 
ally lowers until the machine 
requires cleaning with solvents. 

A problem with applying a 
base coat to the acetate (in this 
case we should refer to it as a 
barrier coat) is to prevent the 
plasticizers from outgassing. If 
the base coat or barrier coating 
that is used will not allow the 
plasticizer to migrate into it, there 
is a possibility that small blisters 
will eventually show on the sur- 
face of the part. If the plasticizers 
are allowed to migrate into the 
base coat, there is a possibility 
that they will cause a loss of ad- 


hesion, tackiness, or softness of 
the film. 


Butyrates 


The problem of cellulose acetate 
butyrate is similar to that of the 
acetates, but not to the same de- 
gree. The pellets supplied to the 
molder usually have plasticizers 
incorporated within them. De- 
pending upon the amount of plas- 
ticizer incorporated, the butyrates 
are classified as soft, medium, and 
hard flows. The harder the flow, 
the less the plasticizer incorpo- 
rated. It is important to use the 
hardest flow consistent with good 
performance of the finished ar- 
ticle. Unfortunately, some com- 
promise may be necessary to ob- 
tain required impact resistance. 
Where the manufacturer of the 
butyrate knows that the parts 
are eventually to be metalized, he 
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can omit such additives as ultra- 
violet inhibitors and volatile color 
agents which, when used, will in- 
crease the outgassing. 

Cellulose acetate butyrate re- 
quires much less plasticization 
than straight acetate, as it is in- 
herently more flexible. It is also 
compatible with, and has better 
solubility in, a greater number of 
plasticizers, thus giving the for- 
mulator an opportunity to reduce 
the danger of plasticizer migra- 
tion. 


Acrylics 


Acrylics do not present a simi- 
lar problem for vacuum metaliz- 
ing, as there is no plasticizer prob- 
lem. Acrylics are usually vacuum 
metalized when second surface 
properties are required. 

An example of an acrylic ap- 
plication is the escutcheon at- 
tached to the front of many auto- 
mobiles. It may be second surface 
metalized with colored base coats 
and an opaque back-up coat. 
Whereas previously these mate- 
rials were enclosed in a bezel and 
mounted to the metal, they are 
now bonded directly with an ad- 
hesive. This vacuum metalized 
second surface application, when 
bonded to clean steel, produces a 
shear strength of 175 to 250 p.s.i. 

Mechanical difficulties may arise 
from masking operations and ob- 
taining precise register with the 
colored coatings. 


Polyethylene 


For the purposes of vacuum 
metalizing, there are two types of 
polyethylene, treated and un- 
treated. There has been some 
vacuum metalizing of untreated 
polyethylene; however, this field 
is not promising at the present 
time. Permanent adhesion of the 
base coat over a period of time 
has been difficult to obtain. Some- 
what better results are secured by 
plating on treated polyethylene, 
especially on small parts. 


Phenolics 


With the advent of vacuum 
metalizing, a phenolic casting can 
now be made to look like a 
chrome-plated metal die casting 
and be almost as serviceable, at a 
considerable reduction in cost. 
One-stage phenolic ordinarily is 
more difficult to mold, but in the 


case of bottle caps and closures, 
these are simple forms and pre- 
sent no serious problems. Two- 
stage phenolics are a more ver- 
satile material for the molder to 
use. He can run large parts with 
fewer problems in his molding 
operation. However, the outgas- 
sing of these materials after they 
are molded can cause the vacuum 
metalizer trouble. In most cases, 
he will have to use a base coat that 
is unaffected by the amines which 
are released by the two-stage 
phenolics when they are raised 
to elevated temperatures. Some 
companies engaged in vacuum 
metalizing have encountered dif- 
ficulties working with phenolics 
without realizing that two types 
of materials—one-stage or two- 
stage—are involved. 

Further, there is a difference 
between various molding com- 
pounds. The phenolic resin is 
often compounded with a filler to 
lower costs and to better the con- 
trol of some of the properties. 
Plasticizers and internal lubri- 
cants may also be added to as- 
sure proper mold release of the 
hard articles from the mold. These 
variables, if unknown, are pos- 
sible causes of failure on the part 
of the vacuum metalizer. 

The molding shop itself is an- 
other possible source of trouble. 
The molder usually allows the 
part to cure a short time before 
removing it from the mold. If the 
molder shortens his cycle, then 
the vacuum metalizer has to pre- 
heat and continue the cure prior 
to applying his base coat. 

Occasionally, the molder will 
incorporate a rubber to provide 
the molding composition with spe- 
cial properties, such as high re- 
sistance to shock, or to obtain a 
quicker cure. If these parts are 
undercured, there is a possibility 
that when the base coat is ap- 
plied by the vacuum metalizer, 
the part may continue to cure. In 
this case, the metalizer will have 
a hazing of his plate. As with 
every other plastic part being 
vacuum metalized, contamination 
by mold release or cleaning solu- 
tion is also a problem. 


Polystyrene 


Polystyrene is somewhat dif- 
ficult to handle from the coating 
end. It is easily attacked, to the 
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point of surface wrinkling and 
crazing, by almost all organic sol- 
vents with the exception of the 
alcohols and some aliphatic hy- 
drocarbons. It is especially sensi- 
tive to the aromatic hydrocarbons. 
This unusual solvent sensitivity 
is a big obstacle and the choice 
of base coats and top coats be- 
comes rather limited. 

Further, there are various 
grades of polystyrene that will 
tolerate different amounts of ac- 
tive solvents before crazing. On 
some parts, even different sections 
of the same mold will craze more 
easily than other sections due to 
the difference in stresses on the 
surface of the plastic. Also, mold 
release agents are very often used. 
They are either incorporated into 
the plastic as an internal lubricant 
or applied to the surface of the 
mold. Many of these mold re- 
lease agents, as in the case of the 
zinc stearate, can be wiped off, 
but in the case of waxes and sili- 
cones, they are extremely diffi- 
cult to remove from the surface. 

Vacuum metalizing on poly- 
styrene with aluminum is often 
referred to as too gaudy or bright 
or not truly representative of 
chrome plate. In the toy trade, this 
brilliance is an advantage. In the 
automotive trade, the top coat has 
a very slight amount of blue dye 
incorporated with it. In this man- 
ner, the gloss is maintained, the 
brilliance reduced slightly, and 
the blue tint gives a color match 
for the chrome plate. 


Polyesters 


Fibrous glass-polyester resin 
moldings can be vacuum metalized 
when premix molded in matched 
metal or compression molds. Parts 
made by bag molding or laminat- 
ing are likely to outgas air in the 
vacuum chamber, causing blisters 
and craters in the base coat. 

Parts molded of premix mate- 
rials, of course, also have mold 
release problems. 


In vacuum metalizing, brilliant 
golds can also be applied to plas- 
tics. There are three commonly 
used techniques to obtain this 
effect: 

1) To vacuum plate in the usual 
manner, and after the parts have 
been plated with the aluminum 
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and a top coat applied, they are 
dip dyed. A dip dye gives a 
smooth application and uniform 
coloring. It has a disadvantage, 
however, from a cost standpoint, 
in that it is an additional opera- 
tion. Coatings that will accept a 
dye are usually low in other phys- 
ical properties. 

2) A second solution is to plate 
with copper alloy or metallic 
gold instead of aluminum. This 
eliminates additional operations 
and gives a durable gold appear- 
ance; however, it has a disadvan- 
tage in that the color is hard to 
match and you have less control 
over the gold tones. If the color 
is to be matched very closely, a 
third system is often used. 

3) The top coat has the tint in- 
corporated in it and is usually a 
custom-made material that will 
give the exact shading required. 
These golds are usually trans- 
parent and pick up their brilliance 
from the aluminum underplating. 
Advantages include control of 
color and the elimination of addi- 
tional operations. A disadvantage 
of the technique, in the case of 
irregular surfaces, is the possibil- 
ity that there is too much or too 
little color in specific areas. 


Equipment problems 


If the aluminum coating is 
translucent, the problem could be: 

1) The period of aluminum 
evaporation is too short. The solu- 
tion would be to leave the rheo- 
stat turned on in a higher range 
for a longer time. 

2) The pressure in the vacuum 
chamber may be too high. This 
pressure should be 0.5 micron or 
less at the firing. 

3) Incomplete or partial evap- 
oration of aluminum. This could 
mean that a filament is broken 
and not vaporizing the metal, or 
an electrical contact in the vac- 
uum chamber is not functioning 
properly. 

Excessive pull-down time can 
be the result of: 1) leaks which 
require the use of a leak detector; 
2) foreign materials present in 
the vacuum chamber; 3) under- 
cured base coats that are out- 
gassing; 4) faulty pumps, such as 
a burned out heating coil; 5) 
gages that need recalibration; or 
6) excessive humidity. 

Occasionally, an empty cham- 


ber should be pulled down to 
check for abnormal pull-down 
time. 

Discoloration of the film could 
take the form of a blackening or 
darkening which would indicate 
a burning or outgassing. If the 
base coat requires a baked sys- 
tem, the oven might be in need 
of recalibration. 

Discoloration may also be 
caused by fluctuation of power 
supply to the filaments. Or, the 
pressure in the vacuum chamber 
may not be sufficiently low. There 
have been instances of discolora- 
tion or burning due to a back 
pressure when the pumping sys- 
tem was shut off, prior to firing. 


Coating problems 


Blush or fog: A haze or fog, 
referred to as humidity blush, is 
caused by the use of improper 
solvents. These solvents may, in 
highly humid conditions, condense 
moisture and cause blush. Sup- 
pliers can usually recommend 
substitute materials or additives 
when this condition arises. 

When blemishes and/or a loss 
of adhesion are localized on a 
piece part, there is a possibility 
that this is caused by contamina- 
tion of the mold release. If the 
part is plastic and the mold re- 
lease is a zinc stearate, it can 
most often be removed by the 
use of the thinner supplied with 
the coating material. If the mold 
release is a silicone, the prob- 
lem usually shows up as craters, 
and special cleaners are needed. 

Blackening or burning: This 
problem usually presents itself 
when parts are removed from the 
vacuum chamber. Aside from 
mechanical difficulties which may 
have taken place, it is best to in- 
vestigate immediately whether or 
not the outgassing occurred be- 
cause the base coat had not 
cured sufficiently. Where lacquers 
are used and have a prescribed 
air dry time plus prescribed 
force dry cycle, too short an air 
dry may allow slow solvents to 
be entrapped. When the parts are 
later metalized, the undercured 
base coat will then outgas and 
produce blackened areas. 

Imperfections: Vacuum metal- 
izing magnifies small imperfec- 
tions and the problem of dust or 
lint is often one of the more dif- 
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ficult ones to solve. A small, clean 
spray room, supplied with filtered 
air, is ideal. It should be as sim- 
ple as possible with smooth walls, 
ceilings, and floor to reduce the 
possible accumulation of dust. 
The spray room should not be 
used as a storage house, even for 
cartons of production parts. Car- 
tons and corrugated cardboard 
are frequent offenders. Materials 
brought into the department 
should be as dust-free as pos- 
sible. 

Some firms replace the air 
exhausted at the spray booth and 
force filtered air into the room 
in sufficient volume to maintain 
a definite pressure at all times. A 
practical solution is a tight, clean 
room equipped with filters in the 
walls or ceilings to remove the 
dust from the air as it is drawn 
into the room. 
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BY J. A. NEUMANN?® and F. J. BOCKHOFF** 


The utilization of hot-gas welding 
as a fabrication technique for 
plastics has expanded rather rap- 
idly in the United States during 
the past ten years. Of prime im- 
portance in this expansion is the 
adaptability and versatility of the 
method in allowing the construc- 
tion of large forms of theoretically 
unlimited size, such as duct work, 
exhaust systems, and large tanks 
and tank linings, as well as piping 
systems, 

Although many plastics are 
used in the corrosion-resistant 
application field, only a relatively 
few thermoplastics adapt them- 
selves to the hot-gas welding 
technique. 

In order for it to be weldable, 
a thermoplastic must possess a 
reasonable melting range, rather 
than a sharp melting point. This 
melting range is extremely im- 
portant in allowing control of the 
welding rod during the welding 


operation. Of several thermoplas- 
* President, American Agile Corp., P. O. Box 
168, Bedford, Ohio. 
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tics which can be welded, poly- 
ethylene and nonplasticized poly- 
vinyl chloride (PVC) are used to 
the greatest extent in welded 
structures in the U. S. A. The 


other thermoplastics which can 
be welded include saran, poly- 
methylmethacrylate, nylon, and a 
few of the newer resins, including 
high-density polyethylene and 
polypropylene. 


Technique 


Commercially available basic 
forms such as sheet, rod, extruded 
tubing, centrifugally-cast tubing, 
and spline are joined by welding 
to produce most finished fabrica- 
tions. 

Figure 1, below, is a schematic 
diagram of the general welding 
technique. Heated gas from the 
welding gun is used to join com- 
ponents, using a rod of the same 
composition. Compressed air is 
used for many plastics, particu- 
larly PVC. When welding poly- 
ethylene, however, an inert gas, 
such as nitrogen, is usually used 
to prevent possible surface oxida- 
tion and resultant faulty bonding. 
As the surface of the rod and 
sheet are softened, the filler rod 
is continually forced into the weld 
bed under slight pressure. Com- 
plete fusion does not take place, 
as it does in welding metals. It is 
important that the exterior of the 
welding rod be soft in the case of 
PVC, or transparent in the case of 
polyethylene; it is equally im- 
portant to maintain rigidity of the 
rod core in order to allow proper 
weld control. 


Although both 


electrically- 


Fig. 1: Diagram showing the components and a typical arrange- 
ment used in the plastics welding process. Heated gas from the 


welding gun 
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Fig. 2: Schematic drawings of gas-heated and electrically-heated 
welding guns. Orifice temperatures are controlled by varying gas 
pressure and flow rate (in gas-heated gun) or by regulating 


current (in electrically-heated gun) 


heated and gas-heated welding 
guns are available, the electri- 
cally-heated welding gun has 
proven more popular and is in al- 
most universal use in the United 
States. Diagrams of both types of 
guns are shown in Fig. 2, above. 
Several gun tips are available in 
straight and curved form, to suit 
the operator’s preference. Usual 
orifice temperature in welding 


varies from 400 to 600° F. and is 
controlled by regulation of the 
current to the heating unit in the 
electrical gun or by varying gas 
pressure and flow rate. Normal 
gas pressure varies from 5 to 15 
p.s.i.g. and optimum flow rate for 
most welding is about 2 cu. 
ft./minute. The distance between 
the tip of the gun and the weld 
bed usually varies between 1 and 


Fig. 3: Six basic weld types: A) single-bead, single-V butt weld; 
B) multiple-bead single-V weld; C) multiple-bead double-V butt 
weld; D) corner weld; E) double fillet weld; F) lap weld; G) 
lap-bead; and H) edge weld. Each type requires special surface 
preparation, e.g., beveling, solvent cleaning, etc. 
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2 in. and within this distance a 
temperature drop of about 200° 
F. is experienced. Linear welding 
speeds of from 5 to 8 in./min. 
are commonly realized. Welding 
speed is dependent upon both the 
type of weld and the skill of the 
welder. 

The welding process is versatile 
and can be used in almost any po- 
sition. Regardless of welding po- 
sition, it is very important to 
maintain an oscillating motion at 
the tip of the gun in order to heat 
both the weld bed and the filler 
rod uniformly. 


Weld strength 


As would be expected, weld 
strength is improved by proper 
surface preparation prior to weld- 
ing. When making butt welds, the 
edges to be joined should be bev- 
eled to include an angle of 60 de- 
grees. When lap-welding or fillet- 
welding, the surfaces to be joined 
should be mechanically rough- 
ened. Solvent-cleaning is used in 
some cases, although it is not gen- 
erally recommended when weld- 
ing polyethylene, due to the 
danger of stress cracking. In the 
case of PVC, solvent-cleaning 
alone is usually satisfactory for 
the preparation of fillet-welds. It 
is very important that any lubri- 
cants or mold release agents used 
in the fabrication of basic compo- 
nents be removed completely 
from the surface before beginning 
to weld. 

Several types of welds are pos- 
sible and some of these are illu- 
strated in Fig. 3, left. The cor- 
rect angle between filler rod and 
weld bed varies with the type of 
material being welded. Figure 4, 
p. 881, illustrates the welding of 
polyethylene, in which the rod is 
bent backwards in order to exert 
sufficient bonding pressure on the 
fused surfaces. In the case of more 
rigid materials such as linear 
polyethylene, nonplasticized PVC, 
or polypropylene, the rod is held 
at approximately 90° to the weld, 
as is shown in Fig. 5, p. 881. This 
perpendicular filler rod angle is 
used with all of the rigid thermo- 
plastics. 


Testing methods 


The strength of a weld is given 
in terms of weld value, which is 
defined as a ratio of the tensile 
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breaking stress of a welded speci- 
men to the ultimate tensile 
strength of the parent material, 
as follows: 


Sy 
W = —— (100) 
Sp 


where: W = weld value (%); S, 
=break stress on the weld 
(p.s.i.); S,= tensile strength of 
parent material (p.s.i.). 

Branched or low-density poly- 
ethylene shows weld strengths 
varying from 95 to 100 per- 
cent. Linear polyethylene exhibits 
lower weld values, in the neigh- 
borhood of 50 to 75 percent. It 
must be remembered, however, 
that the actual break stress of the 
weld is still higher than that of a 
branched polyethylene weld, due 
to the much higher ultimate ten- 
sile strength of the parent linear 
polyethylene. Here, the actual 
weld value can be deceptive un- 
less one is also familiar with the 
ultimate tensile strength of the 
parent material. PVC welds ex- 
hibit weld values in the range of 
75 to 90 percent. 

In addition, the weld value of a 
crystalline material such as poly- 
ethylene, nylon, or polypropylene 
varies considerably with the mo- 
lecular structure of the basic 
polymer. Weld value usually in- 
creases with increasing molecular 
weight and also increases with in- 
creased molecular chain branch- 
ing or decreasing crystallinity in 
the case of low-density polyethyl- 
ene, 

It should also be _ pointed 
out that the weld strength of a 
crystalline polymer, such as poly- 
ethylene, is a _ function of 
time and usually increases ex- 
ponentially from the time at 
which the weld is completed. This 
gradual increase in weld strength 
with time is due to molecular re- 
orientation as the structure ap- 
proaches crystalline equilibrium. 
In the case of branched or low- 
density polyethylene welds, max- 
imum strength is reached within 
4 hr., although the piece can be 
handled within a few minutes 
after welding. 

The quality of a weld has also 
been shown (4)' to be dependent 
to a large extent upon the skill of 
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the operator. Ineffective welds 
can be produced if air is included 
while laying a filler rod. Air in- 
clusions can usually be observed 


in natural polyethylene by the use 


of a strong inspection light held 
at an oblique angle to the weld. 

When opaque or pigmented 
filler rod is used, it is difficult to 
detect air occlusion by this 
method. Minute cracks and pores 
in welded seams are often de- 
tected in these cases by spark- 
testing. This is particularly useful 
for the examination of tank liner 
welds, since a steel supporting 
tank serves as a good electrical 
ground. 

In addition, radiography has 
been used successfully for lo- 
cating defects in plastics welds 
(5). This is particularly useful 
and efficient in checking welds in 
enclosed assemblies. 


Applications 

As a general rule, any equip- 
ment that can be fabricated from 
metal can be made from plastics. 
The basic nature of the welding 
technique allows the fabrication 
of large-size structures. Poly- 
ethylene welding, as well as PVC 
welding, has proven particularly 
applicable to duct systems and 
piping systems. 

Hot-gas welding also provides a 
positive and economical means for 
the fabrication of small items of a 
short-run nature, such as poly- 
ethylene laboratory tanks, PVC 
and polyethylene prototypes, and 
specialized equipment. Further 
applications are discussed exten- 
sively in available 
(6, 7). 

Hot-gas 


literature 


welding has proven 
over the years to be a sure and 
reliable method of joining plas- 
tics with high strength in mini- 
mum time. Strides are presently 
being made in the development 
of high-speed manual welding 
equipment and automatic welding 
machines to produce consistently 
good welds in 25°% of the time or- 
dinarily required for 
welding. In 


manual 
addition, hot-tool 
welding is being applied to the 
extent of replacing hot-gas weld- 
ing for many specific welds, such 
as butt welds in sheet and duct- 
ing. 

The application of plastics in 
the chemical and allied industries 


oe: a 


Fig. 4: Rod is bent back- 
wards in welding poly- 
ethylene 


Fig. 5: Rod is held at a 
90° angle in welding rigid 
thermoplastics 


is increasing as more and more 
plant engineers discover the ap- 
plicability of welding to their par- 
ticular operations. Plastics weld- 
ing maintenance departments are 
being initiated in many plants to 
accommodate the demand for 
trouble-free performance pro- 
vided by corrosion-resistant plas- 
tics equipment. And we can ex- 
pect to see even greater expan- 
sion of these techniques in the 
future. 
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BY H. JACK KIPNES 


Thermoplastic materials, by defi- 
nition, may be readily molded 
into a limitless variety of forms 
and sizes, using any one of a 
number of molding procedures 
available today. However, where 
close tolerances are required, ex- 
tremely small or large sizes are 
to be fabricated, and/or small 
numbers of parts are needed, it 
has been found that machining is 
the most economical method of 
manufacture. 

Typical of such products are 
electronic coil bobbins of nylon 
which could only be produced by 
machining. Molding would not 
have been feasible in this instance 
because of the extremely thin (7 
mils) flange and the sharp corne: 
between flange and hub. The be- 
havior of the material during 
the molding process is such that 
it would have precluded molding 
of strong parts. 

Depending on the precision and 
complexity of the part, all 
thermoplastics can be machined, 
either on standard hand or auto- 
matic screw machines or 
equipment. 


other 
Some can be ma- 
chined using techniques 
parable to those used for con- 
ventional materials, while some 


must be handled in a manner 


com- 
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Fig. 1: 


dictated by their individual 
characteristics. 

In general, since thermoplastics 
become soft and pliable at rela- 
tively low temperatures, have 
poor thermal conductivity, and 
large coefficients of expansion, 
the problems of frictional heat 
build-up during machining be- 
come great ones. 

Of all the thermoplastic ma- 
terials available today, the most 
difficult to machine to any appre- 
ciable tolerance is the fluoro- 
carbon, TFE resin (e.g., Teflon’). 
Taking this as the most difficult 
material to handle and outlining 
the procedure in its machining, 
the optimum conditions can be 
obtained for machining any 
thermoplastic. Where the ma- 
chining precautions necessary 
with TFE are not required with 
other thermoplastics, or where 
modifications are necessary, sub- 
stitute procedures will be given 
for specific materials. 


General rules 


Unless proper equipment and 
techniques are thermo- 
plastics machining can result in 
some obvious causes for part re- 
jection, with subsequent loss to 
the fabricator. Among these can 


used, 


Recommended forming tools for working with plastics 


materials should be designed with large cutting angles 


TOP RAKE 


CUTTING EDGE 
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be included tearing, gouging, 
cracking, discoloration, and dis- 
tortion. 

To avoid these and other pit- 
falls in machining plastics, these 
rules should be followed: 1) Use 
machines and tools in good re- 
pair; 2) If possible, restrict their 
use to plastics only; 3) Exercise 
good machine and shop house- 
keeping; 4) Generally, use high 
speeds and low feed rates; 5) Use 
coolant fluids, except where ma- 
terial may react with it or be 
affected by it; 6) Maintain tools 
with sharp cutting edges and 
proper clearance for chip re- 
moval; 7) Provide adequate ma- 
terial support, particularly in 
screw machining; 8) 
rechucking or _ repositioning; 
9) Exercise quality control at 
the machine and again at final 
inspection; and, 10) Test each 
new batch of material before 
running. 


Minimize 


Selecting stock 


The machined part can be no 
better than the starting material. 
Choice of stock is especially im- 
portant in the case of fluoro- 
carbons, with their higher initial 
cost and the special care which 
must be taken in their machining. 
Porosity and incomplete consoli- 
dation, not readily apparent 
initially, can cause a high per- 
centage of rejects and in-use 
failures. 

The bulk of fluorocarbon parts 
today are machined from _ rod 
stock, which is available in many 
diameters. Molded tubing can be 
used to reduce waste on hollow 
parts. In both the rod and tube 
stocks, it is wise to obtain stock 
whose outside diameter has been 
centerless ground to provide ac- 
curate chucking and cut down 
“whip” in a 
operation. 


screw-machine 


Thermoplastics, such as acrylics 
and high-impact styrenes, avail- 
able in cast stock, should be ex- 
amined carefully for bubbles and 
impurities. 

This rule 
molded and extruded trifluoro- 


applies also to 


chloroethylene (TFCE) _ resin 
(e.g., Kel-F*). TFE resin should 
be pure white (100% 
resin), not off-white or gray 


virgin 


2 Trademark of Minnesota Mining and Man 
facturing Co 
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which is evidence that there is 
at least some reprocessed resin in 
the stock. 


Machining equipment 


Basic high-speed metalworking 
machines—lathes, hand and auto- 
matic screw machines, drill 
presses, grinders, and related 
equipment—are readily adapt- 
able to thermoplastic machining. 
Stocks, chucks, spindles, beds, 
and cams must be in good repair 
to reduce generation of out-of- 
tolerance parts. Machines and 
tools must be kept free of metal 
or other foreign particles which 
could imbed in or react with any 
of the thermoplastics to be han- 
dled. Housekeeping must be 
stringent in the case of fluoro- 
carbons since contamination re- 
duces their utility severely. 

High-speed cutting tools, pre- 
ferably carbide-tipped, with 
meticulously sharp cutting edges, 
give the best results. 

Maintenance of sharp cutting 
edges is extremely important in 
tools used in machining any 
thermoplastic. Tools should not 
be stoned by hand. Dull edges 
drag on the material, generate 
frictional heat which sets up the 
conditions similar to those at 
which the thermoplastic was 
molded. Immediate results are 
expansion, softening, and even 
melting of the plastic. Nylon will 
actually melt on cutting edges of 
drills, and then burn, if proper 
techniques are not 
Acrylics 


followed. 

and polystyrene will 
and gum, causing the 
tool to stick, then tear the plas- 
tic surface. Most thermoplastics 
have poor thermal conductivity 
characteristics and will retain 
heat and confine it in the cutting 
tool itself. This causes rapid 
deterioration of the tool through 
softening and dulling. This phe- 
nomenon has given several ther- 
moplastics, notably TFE resin, a 
reputation of being “highly abra- 
sive.” 

Forming tools ideally should 
have a 15 to 20° top rake to fa- 
cilitate rapid removal of chips and 
a 10 to 15° front clearance 
to reduce compressive forces 
which could “push” and distort 
the part. All form tools should 
be so ground on a surface grinder 
that they provide “breaking” of 


soften 
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Fig. 2: Plastics drill configurations. A—point angle; B—lip relief 
angle; C—helix angle. Lip relief angle should be increased for 
TFE resin and polyethylene, decreased for nylon. Point angle 
should be increased for nylon 


sharp plastic edges (remove 
“whiskers”). Likewise, forming 
tools should have large cutting 
angles to accomplish the same 
purpose (See Fig. 1, p. 882). 

Drills, both twist and _half- 
round, can produce clean, smooth 
holes only if their flutes are 
highly polished to speed up chip 
removal. Special “plastics drills” 
perform satisfactorily in most 
cases (See Fig. 2, above). Half- 
round drills have the advantage 
of being readily reground and re- 
polished in a plant’s tool room 
when they show the slightest sign 
of dulling. 

During drilling, particularly in 
the case of soft materials such as 
TFE resin, supporting bushings 
for drill and material are recom- 
mended for use with a half-round 
drill. These will keep the drill 
from “running out.” Bushings 
should be accurately sized to pro- 
vide firm material support while 
preventing squeezing or undue 
compression which could give 
rise to loss of tolerances. The im- 
portance of centerless-ground 
rod stock (for screw machining 
operations) figures heavily. 

The softness of thermoplastics 
precludes the use of undue pres- 
sure during machining or form- 
ing. This is important in chuck- 
ing or holding the plastic stock 
or semifinished piece. Smooth 
surfaces which will not scratch 
or mark the piece are desirable. 
Spindles should run without 
build-up of heat which could 


then enter the plastic stock and 
cause undesirable expansion. 
Where the chucked stock is long 
enough to droop or wobble under 
rotation, live support must be 
provided. 

Although compressed-air jets 
have been found effective in plas- 
tics machining to cool material 
and remove cuttings, it is far 
safer to standardize on “cutting” 
fluids, particularly in screw ma- 
chining. Cutting fluids are used 
primarily for the rapid and effec- 
tive removal of heat and also for 
removing chips from the cutting 
area. Cutting fluids are selected 
for high viscosity to facilitate re- 
moval of heat. Oils of about 100- 
120 S.A.E. are recommended for 
warmer months of the year; oils 
of about 60-80 S.A.E. for the 
cooler months. With  fluoro- 
carbons, it is usually necessary 
to increase the cutting-oil-reser- 
voir capacity of the standard ma- 
chine to permit the fluid to cool 
to room temperature before its 
return to the machining zone. It 
is inadvisable to cool cutting oils 
through refrigeration due to the 
risk of coagulating additives, etc. 


Machining techniques 

Where primary operations are 
to be carried out on a hand or 
automatic screw machine, center- 
less' ground rod should be used. 
This eliminates initial turning or 
“truing” and cuts waste. With 
TFE resin, if diameter variations 
exceed 5 to 10 mils, machining 
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Fig. 3: Drill, entering plastic (top), heats it and causes expansion. 
When drill is removed, the plastic cools and contracts. Holes 
become undersized and sometimes tapered 


may become extremely wasteful, 
if not impossible. 

Work should be done with con- 
tinuous lengths, using lathes and 
screw machines having a free 
“feed through” in the chuck to 
cut whip or torsion to a minimum. 
Conventional feed tubes are not 
satisfactory and stainless steel 
types should. be _ substituted. 
Ample room must be allowed in 
the feed for stock to rotate freely. 
Depending on material and pro- 
truding length, rod stock may re- 
quire support during machining. 
TFE resin, a soft material, re- 
quires internal or external sup- 
port, depending on the operation. 
This applies particularly in center 
drilling, counter-boring, rough 
and fine turning, and even final 
cut-off, 

Drilling and turning on TFE 
resin are done using a forward 
tool travel of between 5 and 6 
mils per revolution, with %- to 
4e-in. drills. Drill travel will vary 
according to the 
stock; heavier 


thickness of 
sections 
higher “in-out” speeds. 

Forming tools require a_ tool 
travel of from % to 1 mil per 
revolution. Controlling variables, 
particularly in machining a TFE 
part, would be: stock speed, 
diameter of hole, and length of 
drill, Frictional heat may expand 
stock and cause a tapered hole. 
(See Fig. 3, above.) It is best to 
rapid, full- 
depth passes with a tool of the re- 
quired final size. An alternative 


require 


use two or more 


884 


would be to first travel the full 
depth with an under-size tool, 
and finish up with one of the re- 
quired size. Another alternative 
would be incremental drilling 
with a tool of the required size, 
making sure that “dwell” within 
the stock at any time is kept to 
a minimum to prevent heating. 
When several diameters must be 
turned in the same piece, it is 
usually best to use the “rough- 
then-finish” technique. It is wise 
to keep on hand a complete stock 
of all drill sizes. 

Thin-wall fluorocarbon sections 
may tend to warp due to stress 
relaxation (depending on the tool 
used). Compensation involves the 
use of a tool several thousandths 
oversize, which allows the fin- 
ished wall to shrink to the re- 
quired dimension. The peculiar 
behavior of fluorocarbons, TFE 
resin in particular, precludes 
establishment of any rigid ma- 
chining rules. Techniques vary 
according to size and shape of 
piece and type of rod stock. 

An example of the peculiar 
stress relaxation behavior of some 
thermoplastics is shown in Fig. 4, 
p. 885, and indicates compensa- 
tion which must be made during 
machining to arrive at the re- 
quired final dimensions. In this 
piece, one face must be optically 


flat, the other a concavity of exact 


dimension. If machined in the 
standard manner, that is, flat face 
first, then dished face, the piece 
would end up distorted. The 


“normalizing” of TFE resin dur- 
ing such a machining process, due 
to differential stress relaxation in 
sections of various thicknesses, 
would make the flat side convex, 
and the concave face more con- 
cave than necessary. The ma- 
chinist must know, by past ex- 
perience, what to expect and then 
adjust his machining technique to 
material peculiarities. 

Stresses are never built up in 
machining plastics, with the ex- 
ception of acrylic and styrene. 
Unusual stress relaxation can be 
attributed to improperly molded 
stock. These can be eliminated or 
minimized through heat treat- 
ment or machining. Heat treat- 
ment of TFE resin before ma- 
chining or between machining 
operations can be accomplished 
at temperatures of 350 to 500° F. 
for periods of up to 24 hours. 
Pieces should be protected against 
contamination. 


Specific recommendations 


Here are some specific recom- 
mendations on machining where 
techniques do not approach or, 
in other instances, go beyond, the 
precautions required for ma- 
chining of TFE resin. 

Polyethylene: Same as for TFE. 

Styrenes, acrylics: Machining of 
styrenes should be done with 
plenty of lubrication. Cutting oils 
are used primarily for heat re- 
moval, rather than for actual 
lubrication. A _high-viscosity, 
general-purpose cutting oil of 
about S.A.E. 10, or special formu- 
lations with detergent additives, 
have been used with equivalent 
results. Viscosity should be ad- 
justed according to the ambient 
temperature to provide for effec- 
tive flow and “wetting” of the 
cutting surface. Without adequate 
wetting of the cutting surface, 
styrenes tend to get soft, melt, 
and stick to the tool. 

As with TFE and other thermo- 
plastics, cutting tools should have 
razor-sharp cutting edges, with 
drills having highly-polished 
flutes to facilitate chip removal. 
Form tools should have a 10 to 
15° top rake, with 5° front clear- 
ance. Cutting edges should be 
generated with a surface grinder, 
not stoned by hand, to provide a 
correct working edge. 

Styrenes are machined at rates 
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slower than those used for TFE 
resin. Screw-machine-stock-ro- 
tation rates of up to 6,000 r.p.m. 
are recommended, depending on 
the “free” length of stock and its 
diameter. Drills and _ internal 
boring tools should have a travel 
rate of from 2 to 3 mils per stock 
revolution, for stock of % in. 
diameter and less. They can be 
adjusted to slower rates for stock 
of larger diameter. Forming tool 
travel rates vary from % to 1 mil 
per stock revolution, and again 
are governed by the depth of cut 
and surface being generated. 

Styrene is one of the few ther- 
moplastics in which _ serious 
stresses can easily be generated 
if proper precautions are not 
taken during machining. Too fast 
rates, heavy tool pressure, and 
dull tool edges can cause stress 
which results in cracking during 
machining or in service. 

To check on stress build-up 
during machining, the finished 
parts should be quickly and 
easily examined with the polari- 
scope. Heat treatment of the 


stressed parts at a temperature 
of from 175 to 250° F. for from 
1 to 4 hr. will normalize (i.e., re- 


lieve stresses in) the affected 
pieces. It is wise, however, to re- 
examine the heat-treated parts 
for any changes in dimensions 
that may have taken place. This 
is particularly true with parts 
where tolerances of 1 mil and less 
are sought. 
Trifluorochloroethylene: TFCE 
resins, although closely related to 
TFE resins in molecular struc- 
ture, are quite different in me- 
chanical properties. Machining 
characteristics of TFCE are simi- 
lar to those of brass and closer to 
those of the styrenes. It is run 
at slower speeds than TFE, with 
working speeds on automatic 
screw machines of around 3,000 
r.p.m., depending on stock di- 
ameter. Thick stock requires slow 
speeds and thin stock faster 
speeds. This is necessary because 
of frictional heat and the ma- 
terial’s poor thermal conductivity. 
TFCE tends to melt, where TFE 
softens; its melting point is high 
about 392° F.—but much lower 
than that of TFE (650 to 750° F). 
High stock speeds and/or heavy 
tool pressures will cause TFCE to 
melt onto the tool with sub- 
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Fig. 4: Conventional machining techniques (bottom), when used on 
TFE, must be modified (top) to compensate for stress relaxation. 
(Numbers indicate order of machining surfaces) 


sequent binding or fracture of the 
tool’s cutting edge. 

Generally, machining  tech- 
niques used with styrene will 
provide adequate results with 
TFCE. In drilling, the operator 
should be content with short and 
fast penetration, repeating the 
process to insure generation of 
the required size and tolerance of 
hole. Drills should not be allowed 
to “load up” with chips, or exces- 
sive frictional heat will be gener- 
ated, with variations in tolerances 
due to material expansion. 

Nylon: The polyamides are 
relatively simple to machine. 
High-speed tool-steel drills and 
forming tools are found to be 
adequate if cutting oils used are 
the general-purpose types recom- 
mended for other thermoplastics. 
However, since the polyamides 
are normally somewhat  ab- 
sorbent, use of oils and exposure 
of the resin to moisture should 
be closely controlled to reduce 
off-tolerances caused by exces- 
sive swelling by absorbed oils or 
moisture. “Soaking” may be 
necessary to approximate final 
use conditions. Exposure to for- 
mulated oils containing chemical 
additives can cause irreversible 
chemical changes in the resin 
with subsequent loss of tolerances 
and resin properties. 

Maintenance of tolerances de- 
pends on cross-section of the 
stock. Heavy sections, due to the 


nature of the material, usually 
will not allow tolerances of less 
than 5 mils. Thin walls and cross- 
sections allow relatively close 
tolerances to be obtained. 

Feed rates depend on the thick- 
ness of stock, but parallel those 
used with the styrenes. On the 
automatic screw machine, both 
turning and forming feed rates 
should be the same as for TFE, 
or around 6,000 r.pm. Rough 
drilling and finish drilling feed 
rates can be the same as for non- 
ferrous metals. There are no 
problems with abnormal expan- 
sion or contraction of stock as 
found with the fluorocarbons, but 
intelligent use of techniques as to 
pressures and depth of cuts 
should be exercised at all times. 

Turning rates and travel are 
the same as for styrene. It is im- 
portant to prevent formation of 
hairs or burrs, especially in mill- 
ing and tapping, by “breaking” 
material edges with proper tool 
design or use. 

In preparing tools for use with 
nylon, edges should be machine- 
ground, not hand-stoned, to an 
accurate front rake of 10 to 15°, 
with front clearance of about 5°. 

Phenolics: Under the heading 
of phenolics we consider not only 
the unsupported phenol- and 
urea-formaldehyde resins, but 
also those materials which con- 
tain paper, linen, canvas, nylon 
cloth, and other organic and 
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inorganic materials as supportin 


matrices for these resins. 
Carbide tooling is mandato: 
in working with phenolic-type 


4 
| materials because of the relative 
FLAT. CURVED abrasiveness of these materials. 
; They are, in addition, run “dry,” 

and CONTOUR | 


without benefit of cutting oils. In 

ANGULAR some cases, a controlled amount 
CALIBRATING and of cutting oil is allowed in close- 
| tolerance work. In such cases, the 

oil is removed immediately after 

MA R K | N G the particular operation is ended. 
| The primary objection to cutting 

is accomplished oils is reaction with the basic 
more perfectly resin or absorption by the fillers, 
FASTER and with with subsequent deterioration of 


h ial. 
greater ECONOMY the materia 


. Fe ; Equipment must be kept free 
* ACROLEAF a and EFFICIENCY of dust from the operation at all 
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i times to reduce abrasion of pre- 

No. 3H cise equipment parts. Phenolics 
These Bench Type Presses come in four . “ACROLEAF are run at relatively slow speeds 
standard models with die areas ranging P . 
ca aaa? az & ae. te of ne —_ pte rates 
Is the high quality, low cost, widely . ranging trom O 39 MUS per revo- 
adaptable hot stamping machine that . : mie ‘ 
most people can afford. Equipped with gf Hot Stamping lution in drilling and turning 
automatic temperature control and [oa é , M hi operations. Forming is not recom- 
eatemette cot-taat Cass. <2 ks acnines mended on phenolics. All di- 

Y ameters are turned, and depend- 

* ACROLEAF é ‘ , ‘ 

a 200 and Presses ing on the amount of “take-off 
PRESSES or “bite,” feed rates may be the 
same as for drilling. 

The lowest priced, high efficiency, weil constructed . : 

and engineered Hot Stamping Machine available Other forming operations, such 

Has power (pneumatic) drive, hand or foot valve as stamping and punching are 

controls, dual electric safety contro! with solenoid ’ ° ’ 

valving and Electronic cycle timing with contact accomplished in much the same 

dwell. manner as with other plastics, 

with care taken in design of jigs 

to provide proper support and 
hold-down. 

Melamines, silicones, and 
epoxies: Machining and forming 
operations conducted in the same 
manner as for styrenes, with the 
exception of cutting oils, which 
cannot be used in most cases be- 
cause of the risk of reaction with 
these resins. 


Low operating cost. Uses standard 75 psi. air 
line and regular light current for automatic die heat. 


*ACROLEAF MODEL 9AH 
PERIPHERAL MARKING MACHINE 


hot stamps calibrations and numbers completely around cy!- 
indrieal parts In one loading, any diameter. Makes costly 
peripheral molding of numbers, calibrations, lettering and 
design unnecessary. 


Hot stamps In single or multi-color at high rate of speed by 
“line of contact’ method that permits color marking of 
thermoplastics and some thermosets. High precision. Air driven. 
Electrically heated head. Electronic controls. Uses “‘flat’’ dies 
for rounds and ‘“‘roll’’ dies for flats. 


When these resins are rein- 
forced, their machining is similar 
to phenolics with a few modifica- 
tions. Since these materials are 
generally considerably tougher 
than the phenolics, carbide tool- 
ing must be used to cut the 
amount of frictional heat and tool 
dulling. These materials, like the 
phenolics, must be run dry, al- 
though some types of silicones 
and epoxies (chemically-resist- 
ant) can be machined with the 
assistance of cutting oils of the 
type recommended for styrenes 

Machining characteristics ap- 
proximate those of nonferrous 
metals, with no significant volu- 


* ACROLEAF AUTOMATIC 
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These high production presses come in several sizes with 


automatic feeds, ejectors, stackers, ete. For large runs of 
uniform parts, it may be set for robot operation. 


Dial, sileer feeds with multiple station arrangements avail- 
able for decorating, lettering, numbering, serializing, ete. 
> 
All equipment (press, dies, fixtures, electrical 
R 
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metric changes taking place in 
the material during machining. 

Because of the hardness and 
abrasiveness of these resins, it is 
necessary to keep machining 
equipment clean of chips and dust 
to reduce damage to beds, etc. 


Secondary operations 


On TFE resin, secondary opera- 
tions such as drilling, counter- 
boring, and milling must be car- 
ried out after the part machined 
has been stress-relieved as de- 
scribed. With good machining 
techniques, this is not required in 
the case of TFCE. 

Polystyrene and acrylics 
should be examined with the 
polariscope to determine the need 
for heat treatment before pro- 
ceeding on secondary opera- 
tions. Close-packed interference 
“fringes” indicate stresses which 
may give rise to off-tolerances or 
fractures during secondary opera- 
tions. 


Final inspection 


Since cutting fluids or oils are 
recommended in most machining 
operations, final inspection is 
preceded by a thorough washing 
of parts in lukewarm water with 
detergent. After drying, tolerance 
and visual examinations are car- 
ried out to a degree required by 
the type of part produced. 

For most thermoplastics, stand- 
ard inspection techniques and in- 
struments are used. Allowances 
are made for the relative softness 
or “give” that most plastics ma- 
terials exhibit, as compared with 
metals. 

In the case of fluorocarbons, 
TFE specifically, techniques and 
inspection instruments must be 
adapted to the peculiarities of 
this material. Micrometers and 
gages, ordinarily found adequate 
for other plastics and metals, are 
not adequate for critical tolerance 
TFE parts. 

An example of this is the 
checking of ID’s, where plug 
gages, not ID micrometers, must 
be used because of the softness 
and resilience of the plastic. 
Even with solid parts, the in- 

ctor must exercise a_ soft 

el”; otherwise an error of 10 

's Or more can result. Thin- 

ll pieces sometime require 
‘cial inserts for accurate out- 
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it’s PEERLESS for 
Quality and Economy 


MANUFACTURE... when roll leaf is part of your product. 
Dials, Gauges, Rulers, etc. must be marked clearly and 
permanently. The Peerless Process of Roll Leaf Marking 
provides an easy, economical method. 


IDENTIFICATION ... speed up assembly operation... 
avoid mistakes. 
Small or large plastic parts and products, wiring, perfor- 
ated panels, numbered and lettered diagrams, etc. lend 
themselves to Peerless Roll Leaf Marking. 


LABELLING ... lifetime protection for your trade name. 
A Peerless Roll Leaf ‘‘label’’ does not wear or rub off eas- 
ily because it is engraved into the surface of the material, 
forming a permanent, integral part of the product. 


DECORATION . . . add distinction and buy-appeal to your 
producf. 
Monochrome or multicolor designs may be faithfully and 
permanently reproduced by the Peerless Process of Roll 
Leaf Marking. Submit your problem to us. 


The Peerless Process of Roll Leaf Marking produces engraved and embossed 
results at printing speeds, in a wide range of colors including gold and 
silver. Peerless manufactures its own marking machinery to meet your plant 
requirements. Write for a free useful sample of Peerless Roll Leaf Marking 
and a copy of Peerless Folder PL54. 


PEERLESS ROLL LEAF 
COMPANY, INC. 


4511-4513 New York Ave., @ Union City, N. J. 
BOSTON © CHICAGO @ Peerless Roll Leof Division @ GANE BROS. & LANE, INC. 


ST. LOUIS @ LOS ANGELES @ SAN FRANCISCO @ LOUISVILLE @ MONTREAL @ LONDON, ENG. 
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Solve your Plastic Ma 


KENSOL Hot Stamping Presses 


LIGHT-WEIGHT 
(Kensol 15T shown at right) 


A ruggedly built, small hand-operated or 
power machine with a 2 x 4 inch impression 
area, and a 2 inch head stroke. 


The economically priced Kensol 15T air- 
operated press is equipped with a thermo- 
static heat control, adjustable electric dwell- 
timer, Norgren air controlling unit, etc. for 
high speed, fine quality marking, utilizing 
unskilled help. 


MEDIUM-WEIGHT 
(Kensol 36T shown at left) 


A new improved version of the popular 
Kensol 35 hand and power presses. 


Cast iron, “C’’ frame, double toggle press 
with a 6 x 9 inch or 4 x 12 inch impres- 
sion area and a three inch head stroke. 


HEAVY-DUTY 
(Kensol 110 shown at right) 


An extremely versatile, heavy-duty, power press 
equipped with one or two main air cylinders. Bed can 
be lowered to accommodate large items up to 24 
inches high, (radio cases, refrigerator parts, house-pal 
wares, etc.) . 


Available with 6 x 9 inch, 9 x 12 inch, and larger 
stamping areas. 


Also available is the heavy-duty Kensol 60 for work 
up to 6 inches high. 


Write for complete literature! 


Complete literature on these and other Kensol models 


will be sent on request. Brochure also shows automatic 
feeding devices. 


OLSENMARK Roll Leaf 


Fine, consistent quality, economically priced Roll Leaf available in gold, silver, 
and all popular colors including the latest Enamel colors which stamp with a 
high gloss. 


Send for a generous sample. Please specify color desired and material on which you 
intend to mark. 


Since 1924 


OLSE K 


124-132 WHITE STREET, NEW YORK 13, N. Y. 


(Specialists in Quality Marking Equipment and Supplies for over 30 years )) 
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side gaging and outside support 
to permit ID gaging. 

Quality control during ma- 
chining is particularly important 
in obtaining required tolerances 
in TFE resin parts. In starting a 
new run, the screw machine 
operator knows that, depending 
on the part being produced, he 
will have to “mike” the first 10, 
20, or 30 pieces coming off. In 
running off parts with tolerances 
of 1 mil, if the first 10 pieces show 
a variation from tolerance of from 
Y% to % a mil, the operation may 
have to shut down and be “re- 
worked” from the standpoint of 
tooling or machining sequence. 
In working with tolerances of this 
type, no more than 1 to 2% “off” 
tolerances can be allowed in the 
entire run. It is better to catch 
“off” tolerances at the machine 
than during final inspection. 


References 
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of thermoplastic materials, see the 
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“Drilling coolants,” Mopern 
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“Factors affecting the high- 
speed tapping of plastics,” W. M. 
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BY W. J. POWERS* 


The theories concerned with ad- 
hesion and adhesives have by no 
means kept up with the rapid 
practical advances in the field. 
Several investigators are actively 
engaged in studying different 
theoretical aspects of adhesion 
and adhesives. However, due to 
the diffcult nature of the subject, 
it is likely to be several years be- 
fore theoretical findings will as- 
sist adhesives technologists in 
formulating, using, and predicting 
the performance of improved new 
adhesives. There is general agree- 
ment that adhesion for the most 
part is chemical in nature, with 
mechanical interlocking by itself 
generally contributing little, if 
* Plastics and Adhesives Research Div., Pica- 


tinny Arsenal, Dover, N.J. t 
References were prepared by the editors. 
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EAT SEAL 


POLYETRYLERE and other thermoplastic parts 


The Cosomatic Sealer opens a whole new field 
of applications for polyethylene. Now you can 
heat seal articles with square, round or irreg- 
ular outlines and shapes. Seal them on a pro- 

Wy BOWLING duction basis accurately, completely and 
SS automatically without the use of adhesives or 
oe : | f \ solvents. Make strong, leakproof seals fast. 


Ideal for sealing toys, sporting goods, domes- 
j tic and chemical containers, housewares, spe- 


cial industrial housings. Both the process and 
the machine are covered by United States and 
foreign patents. Write today for free litera- 


‘ men 2 “ 
ensio” _. ture and a list of users. 
\ CARTRIDGE 


PITCHER 


THE COSOMATIC SEALING PROCESS USES HEAT and PRESSURE 
FOR SEALING—IT IS NOT A SPIN SEALING PROCESS! 


NEW! Cosomatic PRINTER 


Eliminates decals, hot stamping and slow, expensive silk screen- 
ing. Print plastic items never before thought possible. The 
amazing Cosomatic Printer cuts cost of labeling, decorating 
and roller coating. A few examples of the work done on this 
printer are shown to the right. This machine prints cylindrical 
or even tapered objects! If you would like to see samples of 
work done with a Cosomatic Printer and a list of users write 
today. LABELLING 


NOW! New Flexographic Model Available! 
Write for Details 











ROLLER COATING 





























6028 Wayzata Bivd. Omni Products Corporation 


Minneapolis 16, Minn. 460 Fourth Avenue 
Liberty 6-8888 New York, New York 


ING AND COSOMATIC PRINTERS MAIL COUPON TODAY 


FOR COMPLETE INFORMATION ABOUT COSOMATIC SEAL- » $028 Wayzata Bid" Gani Products Cor 


0 Please send information on Cosomatic Sealer. 
C] Please send information on Cosomatic Printer. 


0 Please have representative contact me. 
COSOM ENGINEERING CORPORATION Name . iecenianees 


6028 Wayzata Bivd. Address 
Minneapolis 16, Minnesota 
Liberty 6-8888 








onty ACKERMAN-GOULD 


can offer you 
this complete selection! 
A marking machine for 
every purpose . . .and 
re ay every 
plastic! 


easily | 
adaptable 


Illustration of plastic button & plastic bottle cap printer 


marking and imprinting machine 
@ for sheeting, rods and bar stocks 
@ for belting, tubing and coat wire 


@ for molded products—aoall types in 
all shapes 


Ackerman-Gould machines are known for the quolity 
results they deliver in marking and decorating on all 
types of plastic materials. We specialize in the manu- 
facture of small hot press marking machines with 
automatic work feeds, increasing production to the 
maximum. If you have the production, we have the 
know-how on automatic dial, hopper, or magazine 
feeding, methods, also dies, fixtures and proper 
marking roll leaf. 

Our extensive experience with marking and decorat- 
ing wire and plastics is available to you . . . bring 
us your problems for solution. 


Send for our new complete brochure. 


ACKERMAN-GOULD CO. 
92 Bleecker Street, New York, N. Y. 


Precision Machines for: 
marking . . . embossing . . . printing . . . decorating 








anything, to adhesion. Adhesion 
is generally attributed to second- 
ary valence forces and only in a 
few cases are primary valence 
forces involved. 


Adhesives theory 


The exact chemical structure or 
composition of an adhesive that 
will produce optimum properties 
in a particular application is not 
yet predictable. Perhaps one of 
the best guidelines is that polar 
surfaces are best bonded with 
polar adhesives and nonpolar sur- 
faces with nonpolar adhesives. 
The same concept has been ex- 
pressed in more refined terms as 
matching the solubility param- 
eters of the adhesive and the ad- 
herends. The “like-dissolves-like” 
adage of the organic chemist is 
probably associated with the same 
underlying principles. 

Since such a great variety of 
surfaces exist it is apparent why 
such a variety of polymers are 
used in adhesives. 

Adhesives must “wet” the sur- 
face to be bonded to obtain ad- 
hesion. Consequently at some 
stage before bonding is complete, 
all adhesives must pass through a 
liquid stage. This stage is often 
achieved by having the adhesive 
dissolved in a solvent, by melting, 
by using a liquid monomer or 
low-molecular-weight _prepoly- 
mer. 

After wetting, the adhesive 
must become solid to achieve 
strength. This stage is usually 
reached by evaporation or re- 
moval of solvents, or by cooling 
a hot melt, or by polymerization 
in place. All organic adhesives 
must either contain, or convert to, 
polymers of reasonably high mo- 
lecular weight to give strong, 
tough bonds. Plasticizers and fill- 
ers are commonly added to give 
improved performance. 


Adhesives properties 


Practical adhesives must show 
more than good adhesion to the 
bonding surface. They must also 
be strong and tough cohesively 
so that bonded joints will not fail 
readily. The cohesive perform- 
ance can be predicted from the 
behavior of the polymer in bulk. 
Thus, polymers which are brittle 
in bulk form may be expected to 
produce brittle adhesives unless 











LUPOLINE places at the dis- 
posal of progressive plastic 
manufacturers over 40 years 
of invaluable finishing 
Know-How! Our division 
LUPO RESEARCH LABORA- 
TORIES is constantly working 
on newer and better ways 
to improve surface finishing 
techniques. 


LUPOLINE, Pioneer in the 
field of Tumbling, will ana- 
lyze your product at no cost 
to you and devise the most 
efficient and most reason- 
able finishing process to 
solve your particular prob- 
lem. 


For Complete Literature on our Line 
Write to: 
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nodified. Similarly, polymers 
showing extensive cold flow in 
bulk would not be selected for 
the principal component of a 
structural adhesive, although 
small amounts of such polymers 
might be very useful in modifying 
rigid polymers for structural ad- 
hesives. Such properties as resist- 
ance to aging, heat, water, and 
solvents can also be estimated 
from behavior of the polymer in 
bulk form. 

Shrinkage occurs with ad- 
hesives during the bonding proc- 
ess in going from a liquid to a 
solid state. In the bonding of rigid 
adherends with rigid adhesives, 
stresses of considerable magni- 
tude may be set up within the 
adhesive by this shrinkage tend- 
ency. Stresses may also occur 
when a bonded joint is exposed to 
temperature changes, because of 
differences in the thermal coeffi- 
cients of expansion of the ad- 
hesive and of the adherends. Since 
these stresses are likely to be con- 
centrated and to seriously weaken 
bonded joints, adhesive technolo- 
gists minimize them by different 
techniques. 

Incorporation of inorganic fill- 
ers, for example, lowers the dif- 
ferential coefficients of expansion 
between adhesives and metals, 
glass, and ceramics. In the case of 
solventless adhesives, selection of 
a polymer, such as an epoxy, 
which has inherently low shrink- 
age during final polymerization, is 
important. Shrinkage can be re- 
duced further by incorporation of 
fillers and, in some cases, by dis- 
solving some polymer in the 
monomer. Stresses may also be 
minimized by incorporation of 
elastomeric materials or plas- 
ticizers which permit the adhesive 
to move slightly and relieve in- 
ternal stresses. Proper design of 
bonded joints will also aid in re- 
ducing stress concentrations. 

Bonding to the stiffer thermo- 
plastics, such as unmodified poly- 
styrene and polymethyl metha- 

ylate, is often complicated by 
razing of the plastic. Residual 
tresses from injection molding or 

ther fabrication steps may cause 

e plastic to craze during or 

ortly after application of the 

lhesive. Remedial measures in- 
ide prior annealing, minimum 

‘ of low-boiling solvents, and 
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INDUSTRY 


Development of New Methods Cuts Costs! 


Only Kramer's Tumblers and 
Buffers give you SUCCESSFUL 
PRECISION FINISHING with o 


great many advantages: 
1. COST SAVINGS 

2. GREATER UNIFORMITY 
3. FEWER REJECTS 

4, LABOR SAVINGS 

5. INCREASED PRODUCTION 
6. CLOSE TOLERANCE 


7, SMALL RUN 
ECONOMY 


9. MAXIMUM 
VERSATILITY 











H. W. KRAMER solves any of 
your FINISHING PROBLEMS. 
Guaranteed prompt assistance 
in solving and determining the 
proper finishing procedure is 
your insurance of 
SUCCESSFUL PRECISION 
FINISHING 


No TRIAL and ERROR METHOD 


Consult us first * Sample parts 





are processed and a specifica- 
tion sheet is supplied to the 
manufacturer. 





H. W. KRAMER CO., Inc. 


120-30 JAMAICA AVENUE 
Your Key Te Better Finishing 
RICHMOND HILL, N. Y. 











Services to 
Industry — 


important to you! 


Carroll's more than 50 years of specialized 
services in sheet plastics can assist in solv- 
ing your design and production problems. 
Carroll services are rendered with infinite 
care and precision. 


Precision Fabricating 
Die Cutting 


Vacuum Forming 


We invite your inquiry 
for further information. 


J. B. CARROLL COMPANY 








FORREST’'S 


tipped blades with an 


smooth, clean finishes in one operation. 


cial applications. 
the industry. Write today! 


FORRES 





INSERTED 
lOOWH 


BLADES 


Forrest has developed a new series of carbide- 

in plastic cutting. This . 
for greater rigidity in p cu 4 ex- 
clusive design gives you fast, free cutting with 


Blade is available with hollow grind for spe- 
Find out about the most advanced blade in 


MFG. CO., INC. 
235 Highway 17, Rutherford, N. J. 
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careful selection of the grade of 
plastics to avoid those containing 
low-molecular-weight fractions. 


Types of adhesives 


Adhesives are classified in sev- 
eral ways: thermoplastic or ther- 
mosetting; by the principal poly- 
meric ingredient; as solvent, wa- 
ter dispersions, solventless, and 
hot-melt; in terms of end use: 
and by the setting temperature. It 
is quite possible for a particular 
adhesive to be classified in several 
ways. For example, a particular 
epoxy adhesive could be classi- 
fied as thermosetting, solvent- 
less, structural, or elevated- 
temperature-setting. 

Each method of classification 
has its advantages and disadvan- 
tages. Perhaps one of the better 
ways of discussing adhesives sys- 
tematically is to classify them as 
either thermoplastic or thermo- 
setting and to state generalities 
applicable to each. 


Thermoplastic adhesives 


Thermoplastic adhesives as a 
class produce strong, tough bonds 
which at normal or low tempera- 
tures may be superior to bonds 
produced by thermosetting ad- 
hesives. However, thermoplastic 
adhesives lose strength faster at 
high temperatures and are more 
susceptible to attack by solvents. 
Also, they have less ability to re- 
sist creep under long-term 
loading. Thermoplastic adhesives 
come in several forms: air-drying 
or solvent-release, hot-melt or 
fusible, and pressure-sensitive. 

Simple solvent adhesives can 
be prepared by dissolving ther- 
moplastic polymers with suitable 
plasticizers in a mixture of sol- 
vents. Viscosities of the resulting 
adhesives or plastics cements are 
controlled by the molecular 
weight and concentration of the 
polymer and the solvent system. 
These adhesives are apt to be low 
in solids and high in viscosity. 
Drying rates are controlled by 
varying the ratio of fast- to slow- 
evaporating solvent. 

For bonding many noncrystal- 
line thermoplastics to each other, 
a suitable solvent or mixture of 
solvents without any polymer may 
be used. The plastic is softened by 
the solvent and joined while soit. 
Detailed information regarding 
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preparation and utilization of sol- 
vent adhesives is usually supplied 
by the various polymer manu- 
tacturers. 

Many important thermoplastic 
adhesives come in the form of 
water emulsions or dispersions. 
Outstanding examples are the 
polyvinyl acetates and reclaimed 
rubbers. They offer the advan- 
tage of high solids, low viscosity, 
and freedom from flammable or 
toxic solvents. 

Hot-melt or fusible adhesives 
are liquefied by heating. They are 
solventless and quick-setting but 
should not be used at elevated 
temperatures. 

Among the more _ important 
thermoplastic adhesives are the 
cellulose esters, ethyl cellulose, 
polyvinyl acetate, polyvinyl bu- 
tyral, polyvinyl chloride-acetate, 
acrylics, reclaimed and nonvul- 
canizing rubbers, and polystyrene. 


Thermosetting adhesives 


In general, the thermosetting 
adhesives provide strong, endur- 
ing bonds, many of which retain 
considerable strength at and after 
exposure to elevated tempera- 
tures. Since they can sustain con- 
siderable loads for long periods 
with little creep, most structural 
adhesives belong to this class. 

As a group, thermosetting ad- 
hesives require more care in stor- 
ing, preparing, and in subsequent 
bonding operations than the ther- 
moplastics. Consequently, their 
use is usually restricted to high- 
performance applications where 
cost is not an overriding factor. 
Among the more important types 
are the epoxies, phenolics, mela- 
mines, urea, resorcinol, furane, 
polyurethanes, polyesters, the 
vucanizable or curing rubbers, 
and numerous modifications or 
combinations of these. 

Many of the thermosetting 
polymers used in adhesives have 
a tendency to be brittle and 
most thermosetting adhesives 
have been modified to minimize 
this brittleness. Among the ways 
of accomplishing this are: incor- 
poration of elastomeric materials; 
incorporation of fillers (including 
those in particle forms, as milled 
fibers, and glass cloths) and plas- 
ticizers; modification of the basic 
polymer structure; and using co- 
reactants which impart flexibility, 
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Decorate or Print 


DIRECTLY ON YOUR PRODUCT 
w AND SAVE ! 
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Decorating & Marking Equipment 


OVER 40 STANDARD MODELS TO CHOOSE FROM 
in America’s Largest and Most Complete Selection 


There’s an Apex machine that can mark, 
label or decorate directly on your prod- 
uct, no matter the size or shape. Any- 
thing that can be printed on paper can 
be printed by an Apex. No item is too 
large or small . . . no run too long or ing equipment. 
too short. Apex eliminates label inven- aaa rae 
tory problems, gives you unmatched PLIES: 
versatility and relief from production Type, oma Bg 
headaches. Get all the facts today. 


1, 2 or more col- 
ors in perfect reg- 
ister 





automatic or hand 
feed machines 


Ask for literature on 
the new, high speed, 
instantaneous drying 
Apex aniline multi- 
color lid and cylin- 


rapid changeover 
drical container print- 


inexpensive plates 


permanent inks in 
all colors 
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A NEW DIMENSION IN PLASTICS 


LUXURIOUS STERLING SILVER DESIGNS* 
*DEPOSITED* DIRECTLY TO PLASTICS 


Beautify Your Product — Increase Your Sales 
LATEST GMC DEVELOPMENT: PERSONALIZATION 


Logos reproduced in overall design. Sam- 
ples available upon request. 

Not sprayed — not painted — all sterling 
silver designs are electrolytically depos- 


Any personal name can now be incor- 
porated in the sterling silver design. 
New exciting medium for Advertising 
Specialties & Premiums. 





For Every plastics application: Lighters, 
Pen & Pencils, Women’s Hi-Fashion 
Heels, Lipstick & Cosmetic Cases, Men’s 
Jewelry, Cutlery items. 


Company Names, Trademarks, Emblems, 


GM 


ited on the plastic base. Finishes are 
available in 22K gold or gleaming nickel 
finish. 

Bold or filigreed designs executed to your 
specific requirements by our expert staff 
of designers. 


TRANSFORM YOUR PRODUCT INTO A LUXURY ITEM: Send us a sample . . . we'll decorate it AT NO CHARGE 
TO YOU. 


GRamercy 5-2313 





*Exclusive Patented Process* 


PROCESS CORPORATION 
718-BROADWAY, N.Y.3,N.Y. @ 


No connection with General Motors Corp 
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e.g., polyamides with the epoxie: 
The effect of inherent brittleness 
in an adhesive may also be re- 
duced by using adhesive primers 
which are less rigid and by prop- 
erly designing adhesive joints. 

Thermosetting adhesives are 
available in several forms. Those 
which are sufficiently reactive to 
set at room temperature usually 
come in two or more parts which 
are mixed just prior to use. After ; 
mixing, working life may be as 
short as one hour or less. This 
factor should be considered and 
provisions made to clean brushes 
and spray guns, and to remove 
excess adhesive before these 
operations become difficult or im- 
possible. Many room-tempera- 
ture-setting adhesives are sup- 
plied in liquid form either in 
solution or as a 100%-reactive 
liquid. The hardeners, catalysts, 
co-reactants, or other ingredients 
may be either liquids or solids. 
Elevated-temperature-setting ad- 
hesives are available as solids in 
the form of tapes (with and with- 
out reinforcement), rods, and 
powders, and as liquids either in 
solution or as 100%-reactive li- 
quids. Many of these adhesives do 
not require the addition of other 
materials. Their shelf lives may 
be short and the manufacturers’ 
instructions should be carefully 
followed. 


Bonding procedure 


Of equal and perhaps more im- 
portance than the choice of the 
adhesive, where strong, reliable 
bonded joints are required, are 
the preparation of the bonding 
surface and the techniques used 
for applying and curing the ad- 
hesive. Surfaces to be bonded 
should fit or mate properly. Im- 
properly mated surfaces will 
cause excessively thick glue lines, 
voids, and stress concentrations— 
all of which weaken bonds. Ma- 
chining of surfaces should be 
done before cleaning. Traces of 
mold release agents, plasticizers, 
oils, rust, or other contaminants 
on bonding surfaces can readily 
cause failure. Surfaces to be 
bonded should be cleaned and 
inspected immediately prior to 
bonding to insure that they are 
free of contamination. Observin 
how a drop of water wets the 
surface is a simple way of che« 
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ing many surfaces for contamina- 
tion. 
Adhesives may be applied by 
spray, brush, roller coating, dip- 
ping, flow guns, and in tape form. 
The method selected will usually 
be governed by the quantity of 
components to be bonded and the 
adhesive to be used. Application 
by brush is the most versatile 
technique and is most useful 
where small lots or complicated 
shapes are involved. Both excess 
dilution and loss of solvents must 
be avoided to insure good bonds 
and ease of application. 

It is important in many appli- 
cations, especially for solvent- 
release adhesives, that the “open 
time” be carefully controlled. Too 
long an “open time” may result 
in poor wetting and subsequent 
unbonded areas while too short a 
time may trap excess solvent or 
permit movement of the pieces to 
be bonded, if proper jigs are not 
provided. It is important to re- 
member that sometimes several 
days are required for bonds to 
achieve full strength. 

Heat is required to set or cure 
many thermosetting adhesives and 
to shorten the setting time re- 
quired for others. Heating may 
be accomplished in ovens, prefer- 
ably circulating-air ovens; by hot 
platens which can simultaneously 
apply pressure; by infrared lamps; 
by high-frequency heating which, 
if applicable, can greatly shorten 
curing time. For such adhesives 
it is important to establish a 
proper curing schedule. A simple 
way is to insert a thermocouple 
at the bond line so that the actual 
temperature at the bond line can 
be measured and a proper curing 
schedule established. This pro- 
cedure should be followed be- 
cause considerable lag may occur 
before the bond line reaches cor- 
rect temperature, due to low ther- 
mal conductivities or high heat 
capacities of the parts. 

Many types of adhesives re- 
quire pressure to be exerted on 
the bond line during cure. It is 
usually desirable to maintain con- 
stant pressure during the curing 

etting of the adhesive. Among 
ways of applying pressure 
sand bags or other dead 
shts, hydraulically as with in- 
‘ed hoses or in presses, and 
1 spring-loaded fixtures. De- 
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SPECIAL HANDLING 
REQUESTED 


This means new business for some- 
body. It could be you. 

Because vacuum-metallized pieces 
now can ‘‘take it,’’ thousands of 
products will, for the first time, be 
finished this new way. 

More durable lacquers now protect 
the superb finishes only vacuum met- 
allizing can produce at low cost. New 
lacquers and resins now stand up to 
rigorous abrasion tests and exposure 
to salt spray and high humidity. 


30” coater—model LCI-30 


Typical production: 400 1%” diameter 
pieces per cycle; 5 to 7 cycles per hour. 


Vacuum metallizing is sure to 
grow rapidly. New business is wait- 
ing for you. 

At CEC, we are ready to help you 
with a full range of vacuum coaters, 
headed by a large 72” model for met- 
allizing large pieces fast and at low 
cost. 

We'll be glad to send you bulletins 
on our line of coaters, and share our 
experience in helping you set up op- 
erations. 


48” coater—model LC1-48C 


Typical production: 1450 2%” diameter 
pieces per cycle; 3 to 6 cycles per hour. 


Smaller coaters are available for production coating of optics 
or other small parts, and for laboratory and pilot plant work. 


Consolidated Electrodynamics 


Rochester Division, Rochester 3, N.Y. 


SALES AND SERVICE OFFICES IN PRINCIPAL CITIES 
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TO SUBSCRIBERS 


Modern Plastics Annual 
Editorial Index 


(Index to Volume 35, September 1957 through August 1958) 





_ = will find this extensively cross-referenced, 
sixteen-page Index a welcome time saver in locat- 
ing editorial material that has appeared in a full 
year’s back issues of the magazine. More than that, 
youll discover that the Index increases the value of 
your file copies by providing a considerably more 
detailed breakdown of their contents—particularly 
of “buried” references within an article—than is given 


on the “Contents” page of individual issues. 


The Cumulative Index is actually three indexes in 
one: a General Index of Titles, an Index of Individual 


Subjects and an Index of Authors. 


The General Index of Titles is further subdivided 
into separate indexes of engineering and technical 
articles, and the Index of Individual Subjects alpha- 
betically cross-tabs plastics product applications in 
two ways: by material of composition and by product 


name, 


To get your copy, just fill out and mail the coupon 


Modern Plastics 
575 Madison Ave., 
New York 22, N. Y. 


Gentlemen: 


Please send my free copy of Mopern Ptastics’ 
Editorial Index for Volume 35. 


Subscriber’s name 
Company 


Address 








vices which do not give positive 
loads such as C-clamps and nails 
should be checked periodically 
during early setting stages to in- 
sure positive loading. 


Inspecting the bond 


There is no totally satisfactory 
way of inspecting bonded joints. 
Perhaps the best method is to 
have careful control of all steps in 
the bonding process followed by a 
statistically designed destructive 
testing procedure or a proof test. 
Adhesive failure at an interface is 
indicative of poor bonding which 
usually results from either incor- 
rect bonding procedure or insuf- 
ficient control. Visual inspection 
and tapping will often disclose 
major faults. Nondestructive test- 
ing of bonded joints by ultrasonic 
techniques has been successful in 
detecting flaws in bonding of hon- 
eycomb but further develop- 
mental work will be required be- 
fore this technique can be used 
for most other types of bonded 
assemblies. 


New developments 


1) An important new type 
of adhesive based on alpha- 
cyanoacrylate esters has recently 
been announced'. One of the 
most promising thermoplastic ad- 
hesives is based on’ an alpha- 
cyanoacrylate monomer. This is a 
solventless liquid adhesive which 
polymerizes rapidly at room tem- 
perature without addition of 
hardeners or catalysts. Excellent 
adhesion to glass and to some syn- 
thetic rubber formulations has 
been observed. Bond strengths of 
3500 p.s.i. to 4500 p.s.i. in shear 
are readily attainable with steel 
surfaces. It has been observed 
that traces of acids on the bond- 
ing surfaces greatly lower bond 
strengths after slight heating. 
Disadvantages of this adhesive 
are a tendency toward brittle- 
ness at low temperatures (—65° 
F.) and high cost. It is probable 
that the cost will be lowered but 
unlikely that this type will ever 
be low cost. 

2) Polytetrafluorethylene sur- 
faces must be chemically treated 
to make them bondable. Recently 
alkali metal-polyaryl hydrocar- 
bon complexes in solvent solution 


1 Numbers in parentheses link to Special Re!- 
erences on p. 900. 
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Making 


ve dies and molds completely 
own in our own 
equipped tool rooms. ae 


ABOVE: A FEW OF THE 
MANY COMPANIES HOPP SERVES 
WITH CUSTOM-MADE PLASTIC ITEMS 


NOW IN OUR 66TH YEAR 


PIONEERS , Hh PP PLASTICS © 


PmeVISION OF THE HOPP PRESS, 
Im PLASTICS Lad me 
Seeeee WEST 34TH STREET, NEW YORK 1, N. Y. 








HINGES ... 


for PLASTIC BOXES 


press-fit assembly 
(Holds like 

a drive-screw) 
with 

or without 
double action 


"C” Springs 


GEISSEL 


109 LONG AVENUE, HILLSIDE. N. J., U.S. A. 


Mfg. Co., Inc. 

















Anchor Specialized Dial Coatings For 











Faster, Easier, Cleaner Finishing 


Our specialization in Dial Finishes over 
many years has earned a reputation 
for quality in products and results. 

These two products are cutting fin- 
ishing time and costs for leading plas- 
tics fabricators. 


Anchor Plastic Lacquers are ex- 
tensively used both as a back up paint 
and an overall finish on dials. Rapid 
drying, excellent build and hiding, 
perfect adhesion and color retention. 
Made to fit the specific requirements 


THE IRVIN, JEWELL & VINSON CO. 
115 E. Third Street, Dayton 2, Ohio 


of the plastic for which it is used. 


Anchor Dial Filler dry-wipes in min- 
utes. Won't streak, produces a clean, 
sharp opaque color with a minimum 
of time and labor. May be applied by 
brush, roller, squeezer or spray. In 
colors to meet your color standards. 

These two specialized products are 
being used by many of the nation’s 
largest manufacturers. You can use 
them with confidence. 





FREE TRIAL OFFER 
Try o sample of Anchor Dial Fill- 
er or Plastic Lacquer. Check the 
advantages yourself. Or write for 
descriptive literature. 








were found effective (2, 3, 4) an 
convenient for small-scale o 
intermittent operations. Bond 
strengths of 1700 to 2300 p.s.i. in 
tension and 1500 to 1800 p.s.i. in 
shear are attainable using room- 
temperature-curing epoxy resins. 
For elevated-temperature service, 
the adhesive may be the limiting 
factor. These techniques may also 
be used to improve the bondabil- 
ity of polymonochlorotrifluoro- 
ethylene and other fluorine-con- 
taining polymers. 

3) Bell Laboratories have de- 
veloped a new process of bonding 
polyethylene to brass, brass- 
plated metals, and to some rub- 
bers. Bond strengths as high as 
1000 p.s.i. in tension and 100 p.s.i. 
in peel have been attained. The 
adhesive is based on a com- 
pounded, partly hydrogenated 
polybutadiene. Temperatures from 
250 to 350° F. and pressures of 100 
p.s.i. or higher are used in the 
process, Adhesion to polyethylene 
can also be improved by treat- 
ment with chromic acid (5). 
Bonds with fair shear strengths 
can be obtained by a 1 to 2 min. 
treatment. Longer treatment times 
are recommended if cleavage or 
peel stresses are involved. When 
this treatment was used with the 
new high-density polyethylenes, 
bond strengths up to 1670 ps.i. 
in tension were achieved. 


Radiation-resistant adhesives 


It has been known for some 
time that the ability of a polymer 
to withstand radiation is closely 
associated with its composition 
and_ structure. Cellulosic and 
halogen-containing polymers have 
shown poor resistance to radia- 
tion (7). Unmodified polystyrene 
has shown relatively good radia- 
tion resistance. 

Recently, several types of ad- 
hesives have been undergoing 
screening tests to determine their 
ability to withstand nuclear radi- 
ation (8). A phenolic-epoxy ad- 
hesive has shown the least change 
in strength at dosages on the order 
of 10° or 10° roentgens. A viny!- 
phenolic and an acrylonitrile rub- 
ber-phenolic, although affected by 
the radiation, each still retained a 
shear strength of 2500 p.s.i. after 
approximately 10° roentgens. At- 
tempts have been made to im- 
prove the radiation resistance by 
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Two-tone air conditioning grille — mask 
and fixture adaptable to various size 
grilles. 


- 


Four Sequence photos illustrate the fol- 
lowing: 1) Loading mask into fixture. 
2) Placing part in mask. 3) Closed fix- 
ture — Actuate air cylinder. 4) Fixture, 
mask and part in spray position. 











OUR spray mask finishing problem from blue print to com- 

plete production tooling — We serve in the following capacity: is 
CONSULTANTS for proper parts design to achieve lower cost and mas, Y typ, Pore ; 
peak efficiency in your finishing department. ENGINEERS for the = = 
ost modern methods of production spray mask painting tech- 
niques. DESIGNERS of spray masks, jigs, and fixtures, mechanical 
and air-operated. MANUFACTURERS of nickel electro-formed 
spray masks, jigs, and fixtures. 


ye 


MT? Spray Mask Finishing “Thierica”’ for 
a eam * DESIGNERS — ENGINEERS — MANUFACTURERS ° —— ELECTRO-NICKEL 
SPRAY MASKS 


7 FIXTURES 
902 Clancy Ave., Grand Rapids, Michigan AN® NOS « 


TupDIO 


| ne under the same roof to pro- 
QUALITY FINISHING vide a complete and coordinated advisory 
and manufacturing service for your finishing 
problems from the bive print stage through 
planning, manufacturing and tooling. 


We welcome every oppor- 
tunity to work with you in an 
advisory capacity. There is no 
obligation. 


> a 
AUTOMATIC SPRAY MASK FINISHING SYSTEMS Se anski”’ for 
by q@ EPANSKI ey P AUTOMATIC 


SPRAY MASK 
902 Clancy Ave., Grand Rapids, Michigan FINISHING 


MOST MODERN FACILITIES 








SYSTEMS ond 
SPRAY MASK 
COMPLETE line of automatic equipment for your finishing re- — 


quirements — Automatic Spray Mask Painting Equipment — 
Automatic Spray Mask Washing Equipment. Air operated for 
greater efficiency and flexibility of arrangement in your finishing 
department. Submit your print or part for production estimate at 
no charge or obligation. 


STANDARD MODELS 


AUTOMATIC SPRAY-MASK WASHING UNITS 


MODEL W-54-V 





MODEL W-54-M 


STANDARD MODEL 5-M 


Complete versatility for 
almost any small parts 

Available in 6 spray- 
gun combinations (station- 
ory and up to 4 oscillat- 
ing guns). 

Other features available 
for special applications 








You can 


decorate them 


and better. Today’s production speeds are so 
far ahead of 1953-1954 that plants with out-dated 
decorating methods can’t compete at a profit. 

Many Fin-E-Co machines are now painting up to 


1,200 parts an hour—wiping as 


many as 1,000 


parts an hour—other operations at same 1958 pace. 

Is your decorating competitive? Won’t cost you 
anything to find out; just send us samples of parts 
you decorate. FINISH ENGINEERING CO., INC., 
1115 Cherry St., Erie, Pa. Phone 5-4478. 


Makers of Masks and Vacuum Plating Racks, Mask 
Washers, Painting and Wiping Machines, Painting Fix- 
tures, Stainless Steel Screens and Fixtures for Silk Screen 


Process, Roller Coaters. 


CHINISH ENGINEERING (0., INC. 





1959 Ford (acrylic) crest 


Admiral 
ROLL LEAF for HOT 


STAMPING 


Huge “in stock” Selection—Color Matching—Custom Formulating 


Admiral Coated Products specializes in manufacturing 
and supplying hot stamping roll leaf to the plastics in- 
dustry. 

That's why we can offer a larger “in stock” selection— 
in countless colors—of roll leaf for polystyrene, acrylics, 
cellulosics, phenolics, soft vinyl polyethylene (high and 
low density), nylons, hard rubber, etc. 

That's why we can offer this wide selection of avail- 
able leaf types: roll leaf for rubber die stamping . . 
transparent colors for metallizing . . . non-fogging types 

. second-surface types . . . and, of course, hot metal 
die stamping. 

With Admiral roll leaf you're always assured of ex- 
ceptional uniformity; sharp definition; a glossy, mar and 
smear-proof surface; good coverage and easy workability. 

Admiral matches your desired colors . . . does custom 
formulating to meet your special needs . . . and provides 
you with speedy delivery and courteous service. 

To find out more about attractively-priced Admiral 
roll leaf, send for samples and our illustrated brochure 
today. 


= 
MJ 


New polyethylene vial for Upjohn. 
New styrene box for Sears, Roebuck & Co. 


Amirali coated products inc. | s-ancr ames 


38 Tiffany Place 


900 


Brooklyn 31, N. Y. 


in Chicago, St. Louis 
and Pasadena, Calif. 





incorporation of scintillators. Nine 
percent of 2,5 diphenyloxazole im- 
proved the resistance of an epoxy 
adhesive. Work is underway to 
determine the chemical mecha- 
nism responsible for degradation 
using a model compound ap- 
proach, 

The U. S. Government supports 
considerable adhesive research 
and is one of the most important 
sources for information on new 
developments. Reports on govern- 
ment work are listed in the U. S. 
Government Research Reports is- 
sued monthly by Office of Techni- 
cal Services, U. S. Department of 
Commerce, and may be obtained 
through that Department. 


Special references 


1) “Bonding properties of a sol- 
ventless cyanoacrylate adhesive,” 
by M. J. Bodnar & W. H. Schra- 
der, Mopern Ptastics 35, 12 
(Aug. 1958). 

2) U.S. Patent 2,809,130, George 
Rappaport. Method of bonding a 
fluorinated synthetic resin to an- 
other material. 

3) U. S. Patent Application No. 
654,971, E. R. Nelson and M. Mai- 
enthal. 

4) “Bonding of Teflon,” by E. R. 
Nelson and A. A. Benderly, Ind. 
Eng. Chem. 50 (March 1958). 

5) “Adhesive bonding of poly- 
ethylene,” by W. H. Schrader and 
M. J. Bodnar, Plastics Technology 
(Dec. 1957). 

6) “Adhesive bonding for fi- 
brous glass reinforced plastics,” by 
H. A. Perry, McGraw-Hill Book 
Co., New York, N. Y. (1957). 

7) “Physical properties of ir- 
radiated plastics,’ U. S. Atomic 
Energy Commission, ORNL-928, 
O. Sisman & C. D. Bopp. 

8) “Nuclear deterioration of 
structural adhesives,” WADC TR 
57-513, D. F. Borders and R. Y. 
Mixer. 

9) “Epoxy Resins,” Chapter 9, 
by H. Lee and K. Neville, 
McGraw-Hill Book Co., New 
York, N. Y. 

10) “Adhesives: Methods of 
testing,” Federal Test Method 
Standard No. 175 (Nov. 1956). 

11) Ordnance Materials Hand- 
book, Adhesives ORDP 20-306 
(June 1957). 

12) “Structural adhesives and 
sandwich constructions,” WADC 
TR 57-513 (June 1957). 
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your problem 
is solved... 


when SCHWARTZ 


is involved... 





With more than a generation of plastic experi- 
ence . . . Schwartz Chemical research laboratories 
have successfully helped hundreds of manufac- 
turers solve a variety of technical problems. 
Specializing exclusively in lacquers, dyes, adhe- 
sives and cleaners—specifically formulated for 
each individual plastic—Schwartz laboratories 
can help you produce superior products. When 
special applications are required, materials will 
be custom-formulated to solve your particular 
needs. 


Producers of REZ-N-DYE, REZ-N-LAC, REZ-N- 
BOND, REZ-N-GLUE, VC-2, POLYKLEEN and 


a score of other lacquers, dyes, adhesives and 


cleaners, Schwartz products have become stand- 
ards of the plastic industry . . . often copied but 
never equalled. 


Send us your coating, decorating and adhesive 
problems. There’s no obligation. Schwartz 
Chemical laboratories are always at your service. 


Serving the needs of the plastic industry 


schwartz 
CHEMICAL CO., INC. 
50th Ave. — 2nd St 
Long Island City, N.Y 
ST 4-7592 


MANUFACTURERS OF DYES—LACQUERS—CLEANERS—ADHESIVES—EXCLUSIVELY FOR PLASTICS 








Manufacturers of all the equipment needed to equip you with the most practical system for hand. 
ling your particular projects most efficiently. 


A trained engineering staff familiar with all types of materials, translucents, teflon and metallics 


and with knowledge of die casting, stamping and plastic molding procedures as they relate to high 
production spray finishing. 


AUTOMATIC MACHINES—Standard and special automatic and semi-automatic machines ‘2 
decorating parts of all sizes and shapes. High production with small investment. Skilled operaters 
unnecessary. Automatic clamping and ejecti of parts. Adjustable sequence-type operation. 
Hydraulic two-fluid control system maintains accurate repeats and eliminates cost of explosion- 
proof controls. Paint in one or two directions. Steady, hydraulic controlled gun movement. 








MASK WASHING MACHINES—The fastest, really efficient, explosion-proof automatic mask 
washers. Increase production with fewer tools. Eliminate damage and costly repairs of masks. Low- 
est solvent consumption. High pressure, no-leak pump. 


FIXTURES —Mechanical and air operated clamps and pressure fixtures for holding masks and parts. 
Special and standard fixtures speed up production, assure highest quality work. Horizontal: adjus'- 
able to masks 3” to 36”. Vertical: revolve 360°. Square shaft registering air piston. Ejectors preven! 
distorted parts or parts from different cavities from sticking in mask. Double Acting: apply pressure 
to both sides of parts to be painted on two or more sides with one masking. 


MASKS —Electro-formed nickel or copper masks of all types for shielding and spraying highly intr- 
cate areas in single or multiple colors. Permit more shots between washings. Allow for reasonable 
dimensional differences in piece parts. Finger clearance affords easier loading of parts. Right hand 
tab masks free both hands for productive movements. 


Send prints or sample parts, 
giving production requirements 
and results you wish to achieve. 
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CORPORA* TION 
364 Toledo Factories Building Toledo 2, Ohio 
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For Finest Fabricating — Plastic Materials — Plastic Coatings 


ENGINEERED Plastics 


With the largest diversified plastic stock in the South 


_ = in good company when you order 
from Engineered Plastics . . . for we’re 
currently serving many of the country’s 
largest electrical, electronic, aircraft, 
missile, textile and furniture manufac- 
turers with custom fabricated compon- 
ents. 


And you can be sure our reputation is 
no accident! It’s based on fine technical 
service for design, development and ap- 
plication . . . excellent production facili- 
ties for volume output of precision parts 

. and complete stocks for fast, friendly 
service. 

“Serving in order to sell again” has 
earned us a superior rating for quality, 
versatility and delivery—at prices that 


RODS, SHEETS, TUBE, FILM in LARGE DIVERSIFIED STOCKS 


* Phenolics 

* Plexiglas ® 
* Acetates 

¢ Fibre 


FINE FABRICATION 


* Precision Machine Parts 
¢ Forming 

* Die Cutting 

* Engraving 


PLASTIC PROTECTIVE COATINGS 
* Whirlclad ® 


¢ Acrylics 

* Polyethylene 
* Nylon 

* Teflon ® 


¢ Styrene 

¢ Vinyl 

¢ Laminates 
* Polyesters 


¢ Screen Printing 

* Prototypes and Models 

¢ Assemblies: all-plastic, 
plastic/metals 


¢ Corvel ® Fusion Bond Finishes 


are truly competitive. 


Finishing Process 


So why not write, wire or telephone us 


today. 
details. 


® 


The Mark of Superior Plastic Service 


: ENGINEERED 1 


We'll be glad to give you the 


Cellulosics 
Vinyl Polyethylene 
Epoxy K 51 

* Licensee—Polymer Processes, Inc. 


Nylon 


INCORPORATED 


Gibsonville, North Carolina @ Phone 2411-2421 © Bell TWX: Gibsonville, N.C., 543 














Get Helpful literature ...free! 


INJECTION MACHINES. 6-page folder de- 
scribes construction and operational fea- 
tures of a 12-16 oz. capacity press having 
either a 14 or 20 in. stroke. Includes 
diagram of die plates and nozzle arrange- 
ments. Lombard Governor Corp. 


SANDWICH ADHESIVE. 4-page looseleaf in- 
sert describes multiple production ad- 
vantages of a structural sandwich adhe- 
sive with built-in filleting action. It also 
lists technical data, and fully describes 
process for sandwich and metal-to-metal 
bonding. Physical properties are discussed. 
Narmco Resins & Coatings Co. 


FOAMING AGENT. Handy file folder gives 
details on features and properties of a 
non-discoloring, non-staining, nitrogen- 
leasing chemical blowing agent having 
cial value for forming both closed cell 
d open cell polyvinyl chloride. Full in- 
rmation is presented as to composition, 
pearance, density, solubility, stability, 
tic sensitivity, and effects of tempera- 
, contaminants and light. E. I. duPont 
Nemours & Co., Inc. 


PLASTIC CLAD FINISHES. 4-page illustrated 
booklet discusses dip-fusion process of 
clidding metal stampings, castings, wire 
ducts, etc., with we Includes per- 
ance requirements chart. Nat'l Poly- 
Prod., Inc. 


All the booklets described here— 
plus hundreds and hundreds of 
others—are yours for the asking, 
entirely without cost or obliga- 
tion. 

Just turn to the Manufacturers’ 
Literature Section (immediately 
the 
circle the numbers you 


preceding Buyers’ Direc- 
tory), 
want, fill in the reply post card, 


and mail. No postage is needed. 


A service of 


MODERN PLASTICS 


Encyclopedia Issue 


A BRESKIN PUBLICATION 
575 Madison Ave., New York 22, N.Y. 


LIQUID POLYMER. 18-page booklet dis- 
cusses “LP-3”, a liquid polysulfide poly- 
mer that can be converted in place to a 
rubber. For tting and casting com- 
pounds, in adhesives and coatings, and 
for epoxy and phenolic resin modification. 
Properties, specifications, formulae, tables 
and graphs included. Thiokol Chemical 
Corp. 


HEATSEALING FIBER. Illustrated 4-page bro- 
chure discusses “Fluorglas”, a Teflon- 
coated fiber glass insulating material that 
enables wires, cables, coils, etc., to with- 
stand breaking, bending, and vibrations. 
Includes specifications. Dodge Fibers 


PRINTING POLYETHYLENE ge Illustrated 
bulletin describes principles of operation 
of an electronic farang that mounts on 
extruders to treat polyethylene film of any 
gauge in widths up to 66 in. to prepare 
it for printing. Aetna Electronic Corp. 


INDUSTRIAL AND DECORATIVE LAMINATES. 
Catalog describes physical and chemical 
properties, gives specifications and dimen- 
sions of line of stock thermosetting, lam- 
inated sheets, rods and tubes manufac- 
tured from various combinations of papers 
and cloths bonded with phenolic, mela- 
mine or silicone resins. Mica Insulator 
Company. 











A REMARKABLE ADDITION 
TO THE MOST 

COMPLETE LINE OF FOILS 
FOR STAMPING ON PLASTICS 


Sy — 








STROFQ| 


A remarkable imitation gold leaf with the brilliance 
of genuine gold. LUSTROFOIL is non-tarnishing and 
non-fading. In addition LUSTROFOIL provides abso- 
lute color stability, finer definition and maximum 
workability. 

















LUSTROGOLD 
on a mylar carrier 


The new genuine gold 
leaf with metallic bril- 
liance and classic gold 
color that surpass con- 
ventional gold leafs. Its 
special protective film 
guards against abrasion. 


BRONZE & 
ALUMINUM 


Where economy is the 
prime consideration, Gen- 
eral offers bronze and 
aluminum foils of highest 
quality. 


FREE SAMPLES & IELUSTRATES 
LITERATURE AVAILABLE ON 
REQUEST 


LUSTRALUM 


An aluminum foil of un- 
matched brilliance and 
extremely fine definition 
with superior workability 
and coverage. 





PIGMENTS 


General offers the most 
complete line of pigment 
colors for use on every 
surface. 





IMMEDIATE DELIVERY and service from 
warehouses in principal cities coast-to-coast. 


ani(fe ucluring “bo. 


Genuine and Imitation Gold and Silver, Pigment and Metallic Colors 
85-03 57th Avenue, Elmhurst, L. |., N. Y., HAvemeyer 9-6123 
BOSTON . CHICAGO ‘ LOS ANGELES 
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How to figure 


your sales potential 
in the plastics field 


FREE... 
40 page 


brochure 

will help you 
find answers to 
your questions 
about sales 
opportunities in 
the fast-growing 
plastics field. 


This recent study contains the inside story 
of one of America’s fastest growing indus- 
trial markets. It presents one of the most 
stimulating and detailed analyses of the 
plastics field that has yet been published. It’s 
filled with up-to-date figures on the con- 
sumption and production of plastics mate- 
rials, on the field’s processing equipment 
requirements, on potential areas of growth. 
It lists hundreds of kinds of machines, ac- 
cessories, chemicals and intermediates, 
supplies and special services for which the 
field is manifesting an ever-increasing 
appetite. 

You will find this handsome brochure— 
file size, lavishly illustrated, 40 pages—a 
valuable addition to your business library. 
It may well point the way to increased sales 
for the industrial products or services that 
your firm supplies. 

For your free copy of “The Plastics 
Field,” simply address a note on your com- 
pany letterhead to Advertising Manager, 
Modern Plastics, 575 Madison Avenue, New 
York 22, N. Y. 










World Wide Manufacturers 
and Distributors of 


NYLON @ Geen 
PLEXIGLAS 












Immediate Shipment from Stock 
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Parts and electrical insulators fabricated to 


Suppliers of the following plastic materials 
specifications from any material you select 












Nylon Polyethylene Lucite 
Phenolic Polystyrene Rexolite 
Teflon Fibre Catalin 
Acetate Mycalex Tensilite 
Kel-F Hard Rubber Casein @ aw P 4 


Plexiglas 


Send for prices, information and catalog 


2232 West Armitage Ave., Chicago, Ill. CApital 7-0300 


Colonial Kolonite Co. 


12300 W. Adler Lane © Milwaukee 13, Wis. 









11 N. E. Buckhead St., Atlanta 5, Georgia 
29 S. 7th St., Minneapolis 15, Minnesota 


DELIVERS 
MORE “SHOTS” 
PER DOLLAR 


ORDINARY TUNGSTEN. In this pair of photomi- G-E LONG-GRAIN TUNGSTEN. Recrystallized, 
crographs, you see the big difference in tungsten it forms a protective ‘armor’ of longer, over- 
wires. This is ordinary tungsten that’s used in lapping grains that lock out the aluminum 
vacuum metallizing. After being ‘‘shot,’’ the because there are fewer grain boundaries. Metal- 
internal structure recrystallizes into short grains— lizing coils are stronger, longer lasting. Vacuum 
an open invitation to the aluminum (or whatever Metalizing Corp. of Long Island, N.Y., ten-year 
metal is being vaporized) to seep in. Thus— pioneer in the field, reports their wire costs have 
brittleness, shorter life dropped 50% since switching to General Electric 
Long-Grain Tungsten three years ago. 


SPECIAL OFFER merattrzers 


ANSWER JUST 7 QUESTIONS and General Electric will recommend 
a coil design tailored to your special metallizing needs 


1. What's the type and size of your vacuum metal- 4. What's the length between your electrode 
lizing equipment? holders? 
2. What material are you evaporating? 


5. How many strands of tungsten are you using? 
3. Do you use flat or round wire as evaporating 


material? 6. What size wire? 


7. Can you supply us with a print or sample of the coil 
you are using? (Please send along with your answers) 


Answer these questions, send us any additional information 
you think important and General Electric's application engi- 
neers will make a prompt design recommendation at no cost 
or obligation to you. (It may be that your present or planned 
design is best for your specialty; if so, General Electric will 
confirm it with expert opinion.) 

Send your material to: General Electric Co., Lamp Wire and 
Phosphors Dept. MPE-8, 21800 Tungsten Road, Cleveland 
17, Ohio 
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HOW Sillcocks-Miller CAN HELP YOU 
WITH PRECISION-FABRICATED PLASTICS 





Since 1910, Sillcocks-Miller has specialized 
in the precision-fabrication of plastics. This 
long experience is available to give your 


products the practical advantages of the 





plastic material best-suited to your require- 


ments. The latest techniques are combined 





with complete facilities for cutting, print- 


NAMEPLATES . . . Distinctive identification fabricated of the ing, stamping, cementing, milling, turning, 
right plastic to resist temperature and weather and protect your 


message. blanking, drawing, forming, laminating and 





assembly. Send your specifications for recom- 


mendations and quotations. 


SAVE ON MOLD COSTS for Small Parts! 


A special fabricating process developed by Sillcocks- 
Miller engineers saves on cost of molds for small 
parts, such as insulators and washers. You get this 
saving without sacrifice of quality or service life 
Write for details and recommendation. 











DIALS ... Fabricated to close tolerances and formed to any 
shape to meet your individual needs. 











SCHEMATIC DIAGRAMS... . Reproduced on plastics and 


ninated for sharp definition, clean appearance and durability. 


The SILLCOCKS-MILLER Company 10 West Parker Avenue 
Maplewood, New Jersey 


PIONEERS IN THE PRECISION FABRICATION OF PLASTICS SINCE 1910 





PROBLEM: 


To get the best possible finish 
for your plastics 


SOLUTION: 
TUMB-L-MATIC 


TUMB-L-MATIC Type S 
Multiple Unit Tumbling Barrel 


*Tumb-L-Matic is the scientific combination of equip- 
ment, compounds, supplies and techniques for finish- 
ing plastics automatically. It includes testing each 
individual product in a special lab, then recommend- 
ing the correct type of barrel, the correct barrel speed 
and the right compound or media to produce the best 
possible finish. The result is equivalent or superior 
to a buffed finish, done faster and at lower cost than 
you'd believe possible. 


Tumb-L-Matic gives you complete service, from initial 
testing through recommendation. Only Tumb-L-Matic 
has the variety of experience necessary to make the 
proper suggestions, plus the extensive equipment and 
special facilities for the most thorough examination 
of your product. 


For example, consider the Tumb-L-Matic DL Process. 
Newly-developed, it uses DL creams and wood pegs 
to bring up the natural high lustre of plastics. Besides 
exceptional economy of operation, benefits include 
the elimination of film deposit and the reduction of 
final clean up. 


Tumb-L-Matic Multiple Units may be best for you. 
Designed to permit division of large product masses 
into smaller loads, and then to tumble each load 
separately in a smaller barrel, they give you better 
finishes through better control of the tumbling process 
... without loss of valuable production time. 


Finer Quality A 
PLASTIC MARKING ke 


right in your own shop with the 
High Precision Kingsley Machine 


Send a sample or 
description of parts 
to be marked, for 


complete details. 


Write for 
details 
Dept. EP-98 


‘ a 


AS Up to 1000 stampings 
per hour 


KINGSLEY MACHINES 


850 Cahuenga: Hollywood 38 ° Calif. 


BALLS @ 
UNLIMITED 


FOR UNLIMITED APPLICATIONS 





We specialize in the manufacture of 
precision balls in desired diameters 
made from non-metallic materials 
including. 

ACETATE BUTYRATE POLYSTYRENE 
NYLON TEFLON LUCITE EPOXY 
STYROFOAM wooD CORK FIBER 


Remember, only a ball does the job of 


Sj a ball. 
sy ae So consider a ball for your purpose— 
, ‘go and consider the job well done by 


ORANGE PRODUCTS. 


~@ 


Small turnings of cylindrical Range of sizes is from 4%” to 1" 
shapes formed from round diameter and up to 7” long. We 





rods and tubes for all types of hold tolerances of .002 on plasti 
applications. and .005 on wood, plus or minus 


Send us a sample of your product. Our engineers will analyze it, 
recommend the specific process best suited for it, and give 
you complete production data... FREE. Or write for further 
information. @D 1392 














= RANGE PRODUCTS, inc. 


554 MITCHELL ST., ORANGE, NEW JERSEY 


TUMB-L-MATIC, INC. 


ST. MARY'S STREET * STAMFORD, CONN. 
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FIORE SPRAY MASKS 











cut your printing costs? 
step up your production ? 
use inexperienced help? 






are the answer 





a HS TG E mi eh Baie 


MASK FIXTURES 


Fiore also makes jigs and fixtures to 
enable sprayers to place masks in ex- 
actly the right position, with a minimum 
of time and effort. 


No paint job is too complicated for a Fiore spray mask. 

No matter how intricate the painted detail on your prod- 
uct, Fiore can design a spray mask that will give you exact 
registration—even on irregular and contoured surfaces. 
Every Fiore mask is made by the electroforming process, 
to insure accurate reproduction of even the finest detail, 
including a great variety of products—such as name plates, 
toys, novelties and displays. Fiore has also developed a 
special technique for those hard-to-handle spots, including 


doll’s eyelashes. 


WM. M. PIORE UNG. 


In this illustrated booklet you'll 
find a thorough account of the 
Fiore method. Write for your 
FREE copy, and find out how 
you can improve your spraying 
operations. 






269 41st St., Brooklyn 32, N. Y. al 


907 





HOT STAMPING PRESSES 


The BUILDER 
MODEL KWIKPRINT 


is one of 4 hand operated 
models of which there are 
thousands in daily use on 
small as well as production 
runs. Has an automatic roll 
leaf attachment and tiltable 
typeholder for quick changes 
of type or dies 


PEERLESS MODEL NP 
AIR OPERATED HEAVY 
DUTY STAMPING PRESS 


Here's a press with built-in 
toggle action to take severe 
punishment. Fast, smooth and 
efficient stamping on soft and 
hard plastics, rubber, etc. Au- 
tomatic heat control, foot or 
hand switch operation, hand 
slide table 3” storke ag 
throat opening, automatic roll 
feed attachment, etc. This is 
only one of several Peerless 
models for hand and air op- 
eration 


cz a COMPLETE RANGE | 


ST 


KENSOL 50 ROLL LEAF 
STAMPING PRESS 


This is the latest type «x. 
tra heavy duty high speed, 
double toggle press, air 
operated with electric 
dwell timer, thermostat, 
with 9 x 12” head and 
automatic roll leaf attach- 
ment. Head size 6 x 9 and 
larger than 9x 12 equipped 
with criss cross roll leaf 
attachment also available 
This is only one of several 
Kensol models in hand or 
air operated machines. 


a complete line of roll feed 
attachments — hot plates — 
stamping foils in ALL colors 
— rubber dies — die mount 
— jigs and fixtures — brass 
and steel type — etc, 


WRITE FOR PARTICULARS 


GANE BROTHERS AND LANE, INC. 
1335-45 W. LAKE ST., CHICAGO 7, ILL 


LOUIS + NEW YORK + SAN FRANCISCO + LOS ANGELES + BOSTON 











TOMPKINS’ ARES-.0-5647 - 
PRESSURE-SENSITIVE 


LABELS 
STICK TO ANY CLEAN. DRY PLASTIC SURFACE 


NO Gluing! NO Moistening! NO Heating! 


JUST PEEL-OFF PROTECTIVE BACKING AND APPLY 


3 i TIMES FASTER LABELING EVEN FASTER 
IN ROLLS WITH AN ELECTRIC DISPENSER 
And. they are real attractive sales-builders for 
plastic products, highlight features. give 
instructions. care and uses guarantees prices. eft< 


sales 


YOUR INDIVIDUAL NEED 
and form individual die-cut multiple 
1o for 


DESIGNED and PRODUCED TC 
any size sm >e ° 
abels on a sheet or labels in a ntinous use with any 


of the manual or electric dispensers 


TOMPKINS’ LABEL SERVICE ‘ranstors ave. 2 atiorneny ave., prita. 34, Pa 


CLIP COUPON and MAIL TODAY—NO OBLIGATION 


Have your Label 
Specialist call 


] \ ) Send us samples 
sn é SEWUICE Quote on i) 
as per Label or rough sketch 
LABELS of ALL KINDS attached On Pressure - Sensitive 
Roll Sungle cut Sheet 
Permanent on 


) & 9) 
Tomrusays?, 


FRAMKFORD AVE ot ALLEGHENY AVE PHILA }4 Pa 


Remov able 


eccceccoond 


SEELYE ELECTRIC 


PLASTIC WELDER 


WELDS PLASTICS QUICKLY, 
SAFELY & ECONOMICALLY 





Indispensable for plastic fabricators, plumbers, air condition- 
ing contractors. The Seelye Electric Plastic Welder welds most 
thermoplastics, including plasticized vinyl tank linings, un- 
plasticized rigid poly-vinyl chloride and polyethylene, quickly 
and efficiently. Wide choice of tip temperatures available with 
five interchangeable electrical heating elements and convenient 
air flow valve. Length, 1234”; weight, only 14 oz. 




















Model P Kit includes: Welder, #4 tip, 320 watt element, !0) 
ft. electric cord, 10 ft. air hose with clamp type valve 
welding instructions. Operates on 110 volt A.C. and com 
pressed air or nitrogen. No voltage regulator required 
Lowest price guaranteed equipment available. Proven in 
many years of use 


Write for Literature and Prices 
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Looking for more “shots per dollar” 


in vacuum metallizing coils? 


By switcuinc to the best coil design, 
vacuum metallizers have realized as much as 
30% more shots per dollar from Sylvania 
Tungsten Coils. Why is this possible? Be- 
cause Sylvania helps vacuum metallizers find 
the right coil to do their job most economi- 
cally. Whetner you buy ready-made coils or 
form your own from tungsten strand, Sylvania 
is ready to help you get maximum efficiency. 


If your metallizing process calls for a 
custom-made coil, Sylvania can recommend 
the best design consistent with the equipment 
you're using and the metallizing job to be 
done. In many cases, metallizers can get top 
efficiency from an existing Sylvania design, 


many of which have already become so 
popular they are considered standard. 


Sylvania coils are formed of high-density 
tungsten strand manufactured to exacting 
standards of quality control. Sylvania Tung- 
sten Strand is available in 3 to 7 ply with wire 
diameters of 0.020 to 0.600 inches per strand. 


We invite you to write, outlining your 
specific requirements and problems. You'll 
find Sylvania is your best source for vacuum 
metallizing coils designed and built to offer 
**more shots per dollar.” 


SyLvaniA ExLectric Propucts INc 
Chemical and Metallurgical Division 
Towanda, Pennsylvania 


TUNGSTEN * MOLYBDENUM + CHEMICALS + PHOSPHORS + SEMICONDUCTORS 


¥ SYLVANIA 


Lighting * Radio + Electonics Television + Atomic Energy 





Model 6-EA 


For Precision Hot Stamping 


AIR OPERATED 


DIRECT THRUST 


WEBER PRESSES 


Weber—the first name in pneumatic hot stamping ma- 
chines—makes the only* foil leaf marking presses with air 
operated direct thrust. The construction of Weber Presses 
with... 

NO CAMS NO TOGGLES 
guarantees consistant, dependable results regardless of 
minor variations in molded or vacuum formed parts. 

Leading Molders use Weber Hot Stamping Presses with 
type, or flat or curved dies, for flat, curved and irregular 
surfaces. Effective pressure range is from 20 pounds to 3 
tons, as required. Die areas are available to fit all require- 
ments. 


(electro-air) In- 
Complete automatic in- 


. "| y % 


dexing press. Weber four-post 
construction for zero deflec- 
tion. Up to 75 impressions per 
minute. 


Indexing tables from 
" to 48” diameter 


lant 


Model H-EA. A popular press for 
light work. Takes plastic parts up to 
24” high. For stamping with dies or 
electrically 


type. Furnished with 
heated type holder. 


Model 6-EA. For marking large parts, either molded 
or vacuum formed. Built in all widths and depths 
with no limit on height or depth between posts. 
Weber four-post open frame construction and direct 
thrust air operation assure precision decorating even 
when parts are not uniform. 

These are a few of many Weber Press constructions. 
Write today, including a sample part or drawing, and pro- 
duction requirements. Remember, every piece of Weber 
Hot Stamping Equipment is guaranteed as to quality and 
performance. 

*all presses fluid operated with air feeds covered by U.S Patents 


Weber Hot Stamping Equipment Co. 


3253 N. KEDZIE AVENUE, CHICAGO -18, ILI 


and EXCLUSIVE 
formulations for 
plastic products . . 


Randolph experience and research have created spray 
lacquer coatings equal to every problem presented by the 
plastic surface. Particularly, adhesion and the tendency to 
craze. 

Small wonder then that manufacturers of plastic prod 
ucts turn to Randolph for finishes that work miracles in 
decorative color contrasts. Each coating is a special cre- 
ation—the uniquely and exclusively right coating. It is proved 
so by Randolph's technical skill, meticulous testing and actu 
performance—and by the powerful new lift it gives to your 
soles results. 

Other good reasons for using Randolph coatings for 
plastic are — availability in a rainbow-bright variety of 
colors, and prompt delivery. 


If you're fretted by a plastic coating problem—Or 
ANY FINISHING PROBLEM—let Randolph's technicians help 
you. Write us today! 


Randolph. provucts company 


CARLSTADT, NEW JERSEY 
LACQUERS © ENAMELS #© DOPES @ THINNERS 











» ECONOMY e BEAUTY 
e DURABILITY 


Coo | vow 


oA decorative Electroplated metal coating wi 
give your plastic product high styling at remarkable 
economy. Where low prices and fine appearance are 
essential, metallized plastics have established exci: 
ing m@rkets. Your inquiry and samples are cordially 
welcome. 


@ Barrel Electroplating on all Thermoplastic 
and Thermosetting plastics. 


@ Heavy plate of 2 to 5 mils. Gold, Silver, 
Copper, Nickel, Brass and Antique fin- 
ishes as well as others are available. 


® Write for brochure that explains Barrel 
Plating and its advantages to you. 


—SSSpa— 
PLANET LATIN 


COMPANY, INC. 
494-8 MORGAN AVENUE @ BROOKLYN 22, N. 
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Machinery and Equipment 


ADVERTISERS’ INDEX 


(Listings do not necessarily cover entire lines of advertisers ner all producers in each category.) 


ACCESSORIES FOR EXTRUSION 
MACHINES 
Berstorff, Hermann, GMBH 1036C 
Egan, Frank W., & Company .... 981 
Goulding Mfg. Co. 
Hartig Extruders, Div 

Ross Corp. 1012, 1013 
Industrial Research Laboratories, 

Div. Honolulu Oil Corp. 
Johnson Machinery Co. 
Johnson Manufacturing Company . 1058 
Killion Tool & Manufacturing Co. . 996 
National Rubber Machinery Com- 

pany 1009, 1010 
Progressive Machine Co., ; 975 
Rainville Company Inc., The 982, 1002 
Robbins Plastic Machinery Corp. 

924, 925 


Midland- 


ACCESSORIES FOR INJECTION 
MOLDING PRESSES 

Newbury Industries, Inc. 

Rainville Company Inc., The 982, 1002 


ACCESSORIES FOR PLASTISOL 

MOLDING 

Mercury Industries  Inc., 
Plastics Equipment Div. 


Vinyl 


ACCUMULATORS 
Elmes Engineering Div., 
Steel Foundries 
Johnson Machine ry Co. 
Miller Fluid Power, Div. 


American 


AIR COMPRESSORS 
Johnson Machinery Co. .. 1016 
Rainville Company Inc., The 982, 1002 


AIR PRESSES 


Machine Company 


I 


ARBOR PRESSES 


Dake ( nen EC 


AUTOCLAVES 


\ 


| United Company .... 984, 985 


| PRESSES 
ited Baling Machine Com- 


EDITORIAL TEXT FOR THIS SECTION BEGINS ON PAGE 940 


BLENDERS 
Abpe, Paul ©., Tae. .....2.0.-.-. Gi 
Bailey, R. N. & Co., Inc. . 974 
Faeco Machine Co., Inc. ........ 1048 
Goulding Mfg. Co. ............ 1048 
Rainville Company Inc., The 982, 1002 
Read Standard Div. Capitol Prod- 
ucts Corp. 1049 
Werner & Pfleiderer Engineering 
Works . ; ; 1036D 


CALENDERS 


Adamson United Company . 984, 985 
Bolling, Stewart, & Company, Inc. 916 
Farrel-Birmingham Company, Inc. 

1060, 1061 
Johnson Machinery Co. ........ 1016 
Shaw, Francis, & Co. Ltd. 


COATERS & IMPREGNATORS 

Hofmann & Schwabe K.G. ...... 1036B 
Industrial Ovens, Inc. .......... 1036 
Lae. ©, A... Co. Oe incasss.s. OFS 
Modern Plastic Machine ry Cc orp. .. 984 


COMPRESSION MOLDING PRESSES 
Automatic Molding Machine Co... 980 
B. I. P. Engineering Ltd. ....... 1029 
Bolling, Stewart, & Company, Inc. 916 
Clifton Hydraulic Press Co. ...... 1022 
Dake ‘|. aoe eee 
Daniels, T. H. & J., Ltd. ...... 1066 
Davidson-Ke bod 3 ae ... 1028 
Dunning & Boschert Press C O., ‘Inc. 963 
Elmes Engineering Div., Ame rican 
Steel Foundries 
Erie Engine & Mfg. C 
Erie Foundry Co. 
Farrel-Birmingham Company, Inc. 
1060, 1061 
French Oil Mill Machinery Co.., 
The, Hydraulic Press Div. 
Hull-Standard Corporation 
Hydraulic Press Mfg. Co., 
994, 995 
Johnson Machinery Co. 1016 
Lawton, C. A., Company, The .. 938 
Logan Hydraulics, Inc. 923 
M & N Modern Hydraulic Press 
Co. 1041 
Rainville Company Inc., The 982, 1002 
Stokes, F. J., Corporation 1005 
Watson-Stillman Press Div., Farrel- 
Birmingham Co., Inc. ... . 44, 1045 
Williams-White & Co. ... 1053 


CONTROLS & CONTROLLERS 
Barber-Colman Company 
Bolling, Stewart, & Company, Inc. 


Industrial Mfg. Corp. 
Powers Regulator Co., The 
Rainville Company Inc., The 982, 1002 
Reliance Electric and Engineering 

Co. x ~-- 1062 
Sarco Company, Inc. ; 976 
Sterling, Inc. .... < 1011 
Taylor-Emmett Controls, Inc. .. 926, 927 
Thermo Electric Co., Inc. ....... 1054 
West Instrument Corporation vee Sa 


COOLING TRAINS 
Black-Clawson Company, The, 
Dilts Div. unin 


CURING EQUIPMENT 
Adamson United Company .... 984, 985 
Rainville Company Inc., The 982, 1002 


CYLINDERS, HYDRAULIC 

Lawton, C. A. Company, The 

Miller Fluid Power, Div. 
Reedy Corp. 


DIES 
Akron Presform Mold Co., The 
Egan, Frank W., & Company .. 
Faeco Machine Co., Inc. 
Goulding Mfg. Co. 
Hartig Extruders, Div. Midland 

Ross Corp. 1012, 
Johnson Manufacturing Company . 
Killion Tool & Manufacturing Co. . 
National Rubber Machinery Com- 

yany 1009, 1010 
Rabbins Plastic Machinery Corp. 

924, 925 


DIE CUTTING MACHINES 
Falls Engineering and Machine Co., 
The .. 
Hobbs Manufac turing Co. 
934, 1048, 1053 


DIE SINKING PRESSES 
Watson-Stillman Press Div., 
Birmingham Co., Inc. 


Farrel- 
1044, 1045 


DRILL PRESSES 
Mico Instrument Company 5 
Rainville Company Inc., The 982, 1002 


911 





DRUM TUMBLERS 
Injection Molders Supply Co 

1008, 1037 
Rainville Company Ine Ihe 982, 1002 


ELECTRONIC HEAT SEALERS 
Cosmos Electronic Machine Corp 961 
Guild Electronics, Inc 935 
Mayflower Electronic Devices Inc L030 
Radio Receptor Company Ir 
Thermatron Division eee 
Sealomatic Electronics ¢€ orporation LOOO 


EMBOSSING MACHINES 
Adamson United Company 
Faeco Machine Co., Inc. 1048 
Johnson Machinery Co 1016 
Liberty Machine Co., Inc 972 
Litzler, C. A., Co., Ine 973 


984, 985 


ENGRAVING MACHINES 


Mico Instrument Company 


EXTRUDER CYLINDERS 
Hartig Extruders, Div. Midland- 

Ross Corp eeees 1012, 10183 
Industrial Research Laboratories, 

Div. Honolulu Oil Corp 991 


EXTRUSION LAMINATORS 
Black-Clawson Company, The Dilts 

Div sigue LO19 
Egan, Frank W., & Company . 981 
Modern Plastic Machinery Corp 934 


EXTRUSION MACHINES 

Aetna Standard Engineering Co 999 
Battenfeld .. ; reread giant an or na 
Berstortf, Hermann, GMBH .. 1036C 
Daniels, T. H. & a. Ltd . . 1066 
Davis-Standard, Div. Franklin Re- 

search Corp. ee 993 
Egan, Frank W., & Company . 981 
Farrel-Birmingham Company, Inc 

1060, 1061 
Fischer, Johann ... LOSI 
Hartig Extruders, Div. Midland- 

Ross Corp 1012, 1013 
Johnson Machinery Co 1016 
Killion Tool & Manufacturing Co. . 996 
Modern Plastic Machinery Corp. .. 934 
National Rubber Machinery Com- 

pany . 1009, 1010 
Ne uri Bossi & C a 1018 
Peco Mac hinery Sales Ltd " 1067 
Prodex Corporation 914, 915 
Rainville Company Inc., The 982, 1002 
Reifenhauser KG .. ; ? . 1014 
Royle, John, & Sons . 1055 
Shaw, Francis, & Co. Ltd. ... 1032 
Phermoplastic Processes, Inc 1028 
Welding Engineers, Inc 1043 
Windsor, R. H. Ltd 936, 937 


EXTRUSION SCREWS 


Johnson Manufacturing Company 1058 
Killion Tool & Manufacturing Co 996 


FABRICATING MACHINES AND 
EQUIPMENT 
Standard Tool Company 


FILM CASTING MACHINES 


Hofmann & Schwabe K.G 1036B 


912 


FILTER CONE ATTACHMENT 
Whitlock Associates Inc. 


FILTERS 
Marvel Engineering Company .... 1004 


FOAM EQUIPMENT 
Rainville Company Inc., The 982, 1002 


GRANULATORS, GRINDERS, 
PELLETIZERS 
Acme Machinery & Mfg. Co., Inc. 1028 
Alsteele Engineering Works, Inc. 1052 
Brosites Machine Company Inc. .. 968 
Cumberland Engineering Co., Inc. 1003 
Farrel-Birmingham Company, Inc. 
1060, 1061 
Injection Molders Supply Co. 
LOOS, 1037 
Johnson Machine ry Co. 1016 
Metals Disintegrating Co., Inc. 
Pulverizing Machinery Div. .... 965 
Rainville Company Inc., The 2, 1002 
Taylor, Stiles & Co. 969 
Thoreson-McCosh, Inc. 1050 
Van Dorn lron Works Co., The .. 1007 
Werner & Pfleiderer Engineering 
Works .....1036D 


HEATING & COOLING UNITS 

Goulding Mfg. Co. . 1048 
Injection Molders Supply Co. 1008, 1037 
Rainville Company Inc., The 982, 1002 
Sarco Company, Inc. 976 
Symons, Ralph B., Associates, Inc. . 970 


HEATING ELEMENTS 
ee re 
Wiegand, Edwin L., Company 


. 919-922 


HOPPER DRYERS 


Rainville Company Inc., The 982, 1002 
Thoreson-McCosh, Inc. 1050 


HOPPER LOADERS 
Goulding Mfg. Co : 
Rainville Company Inc., The 


1048 
982, 1002 


HYDRAULIC PRESSES 

B. I. P. Engineering Ltd. ........ 1029 
Bolling, Stewart, & Company, Inc. 916 
Clifton Hydraulic Press Co. ...... 1022 
Dake Corporation 5 co adap sel scesigt 
Davidson-Kennedy Co. 1028 
Elmes Engineering Div., American 

Steel Foundries .............. 1001 
Erie Engine & Mfg. Co. ... .. 1033 
Erie Foundry Co. . ; ... 1064 
Farrel-Birmingham Company, Inc. 

1060, 1061 
French Oil Mill Machinery Co., 

The, Hydraulic Press Div. .... 1042 
Goulding Mfg. Co. .......... 1048 
Johnson Machinery Co. cece Bene 
Lawton, C. A., Company, The .... 938 
Logan Hydraulics, Inc. .......... 923 
Rainville Company Inc., The 982, 1002 
Wood, R. D., Company . 978, 979 


INJECTION MOLDING MACHINES 

Battenfeld 929 
Brosites Machine Company Inc. .. 968 
Clifton Hydraulic Press Co. ...... 1022 
Covema G B F, Div. ........... 988 
Daniels, T. H. & J., Ltd. ...... 1066 
DeMattia Machine and Tool Co, .. 997 


Dowding & Doll Ltd. ........... 
Farrel-Birmingham Company, Inc. 
1060, 116) 
Fellows Gear Shaper Company, 
The, Plastics Machine Div. ... 
Hydraulic Press Mfg. Co., The . 994 
Improved Machinery Inc 
Johnson Machinery Co 
Lester-Phoenix, Inc. 
Lewis Welding & 
Corp : The 
Lombard Governor Corporation .. 
Moslo Machinery Company ...... 
National Automatic Tool Co., Inc., 
Plastics Machinery Div. .... 930,‘ 
Neert Bost & ©. .....2266. 
Newbury Industries, Inc. 
Peco Machinery Sales, Ltd. 
Rainville Company Inc., The 
Reed-Prentice, Div. Package Ma- 
chinery Co. 
Scacchi & Co. 
Simplomatic Mfg. Co. 
Standard Tool Company 
Stokes, F. J., Corporation 
Tels, A GRR oc i kik ae ccaee OW 
Van Dorn Iron Works Co., The .. 
Watson-Stillman Press Div., Farrel- 
Birmingham Co., Inc. 1044, 1045 
Windsor, R. H., Ltd. 936, 937 


LABORATORY PRESSES 

Carver, Fred S., Inc. . 966, 967 

Daniels, T. H. & J., Lid. ......2. LOGE 

Watson-Stillman Press Div., Farrel- 
Birmingham Co., Inc. 1044, 1045 


LAMINATING PRESSES & 
EQUIPMENT 
Becker & Van Hiillen 
Carver, Fred S., Inc. ..... . 966, 967 
Clifton Hydraulic Press Co. ...... 1022 
Erie Engine & Mfg. Co. 
Faeco Machine Co., Inc. 
Fjellman American Inc. ...... 
French Oil Mill Machinery Co., 
The, Hydraulic Press Div. 
Hofmann & Schwabe K.G. ...... 
Hydraulic Press Mfg. Co., The . 994, 995 
Liberty Machine Co., Inc. ...... 972 
Litzler, C. A., Co., Inc. 97 
M & N Modern. Hydraulic Press 
ME a Ad eke enkici a eatice wanmaras oe 
Modern Plastic Machinery Corp. .. 954 
Waldron, John, Corporation . 1026, 1027 
Watson-Stillman Press Div., Farrel- 
Birmingham Co., Inc. 1044, 1045 
Wood, R. D., Company 


MACHINE TOOLS 
Johnson Machinery Co. 
Cincinnati Milling Machine Co., Th 


MATERIALS HANDLING 
EQUIPMENT 

Johnson Machinery Co ee 
Rainville Company Inc., The 
Whitlock Associates Inc. 
Symons, Ralph B., Associates, Inc. 


MILLING MACHINES 
Cincinnati Milling Machine Co., Th 


MILLS 

Abe. Poul ©.; Ine. . .0i0 sieves 

Adamson United Company .... 984 

Bolling, Stewart, & Company, Inc. 

Entoleter Division, Safety Indus- 
tries, Inc. 

Erie Engine & Mfg. Co. 
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Birmingham Company, Inc. 

1060, 1061 
n Machinery Co. ........ 1016 
lle Company Inc., The 982, 1002 
p, Wm. R., & Sons, Div. J. M 
mann Co., Inc LO50 


MINERS 
thé Pat 08. BAC. weccrcccinsss TB 
Bailev, R. N. & Co., Inc. 974 
Bolling, Stewart, & Company, Inc. 916 
toleter Division, Safety Indus- 
tries, Ine. O77 
Farrel-Birmingham Company, Inc. 
10609, 1061 
Henschel-Werke GMBH 1036A 
Injection Molders Supply Co. 
1008, 1037 
Johnson Machinery Co. .......... 1016 
Progressive Machine Co., Inc., .... 975 
Read Standard, Div. Capitol P rod- 
ucts Corp. 
Shaw, Francis, & Co. Ltd. 
Werner & Pfleiderer Engineering 
Works 1036D 


MOLDS, BASES, PLATENS, ETC. 

Akron Presform Mold Co., The .. 918 
Custom Engineering Co. ........ 1035 
Devcon Corporation ............ 1053 
Standard Tool Company 968 
Van Dorn Iron Works Co., The .. 1007 
Wood, R. D., Company 978, 979 


OVENS & DRYERS 

Abbé, Paul O., Inc. ....... “> 961 
Blue, E. B., Company .. 1030 
Brosites Machine Company Inc. .. 968 
Erie Engine & Mfg. Co 1033 
Fostoria Pressed Steel Corp., The . 1035 
Goulding Mfg. Co. .. . 1048 
Industrial Ovens, Inc. .. .-- 1086 
Lydon Bros., Inc. .. Te. 
Rainville Company Inc., The 982, 1002 
Stromes Oven Systems .......... 1054 
Whitlock Associates Inc. ..... . 1046 


PANTOGRAPHS 


Gorton, George, Machine Co 


PIPE WRAPPING MACHINES 
Pierce Wrapping Machine Com- 
pany F ‘ 990 


PREFORMING MACHINES 

B. I. P. Engineering Ltd. ........ 1029 
Bonnot Company, The .......... 987 
Logan Hydraulics, Inc. . a 923 
Rainville Company Inc., The 982, 1002 
Stokes, F. J., Corporation cevecs BOO 


PREPLASTICIZING UNITS 
Covema G B F, ee, 
Farrel-Birmingham C ompany, Inc. 

1060, 106) 


\ or, R. H., Ltd. 936, 937 


PRESSES FOR 

REINFORCED PLASTICS 

Dake ( Zompori ition 

Erie Engine & Mfg. Co. 

H ili Press Mfg. Co., The . 994, 995 
n, C. A., Company, The .... 938 
M Modern Hydraulic Press Co. 1041 


PRINTING PRESSES 


i Machine Co., Inc. ........ 1048 
n & Schwabe K.G. ...... 1036B 


Liberty Machine Co., Inc. ...... 972 
Rainville Company Inc., The 982, 1002 
Waldron, John, Corporation . 1026, 1027 


PUMPS 
Bolling, Stewart, & Company, Inc. 916 
Daniels, T. A. & J., Ltd. 1066 
Elmes Engineering Div., American 

Steel Foundries .............. 1001 
Johnson Machinery Co. .... ene Ae 
Sterling, Inc. ............ co SOR 


PYROMETERS 
Cambridge 
Inc. 
Rainville Company Inc., The 982, 
Thermo Electric Co., Inc. . 


Instrument Company, 


ROTATIONAL CASTING MACHINES 
Akron Presform Mold Co., The .. 918 
Blue, E. B., Company .. 1030 
Mercury Molding Machinery Inc. 959 


SHEARS, CUTTERS & SAWS 
Falls Engineering and Machine Co.. 

The 962 
Famco Machine Company ...... 992 
Fecken-Kirfel Maschinenfabrik 

Aachen (Germany) 1035 
Foster & Allen, Inc. ......... 960 

Goulding Mfg. Co. ............ 1048 
Hobbs Manufacturing Co. 

934. 1048, 1053 
Robbins Plastic Machinery Corp 


924, 925 


SLITTERS, SHEETERS & 
REWINDERS 
Appleton Machine Company, 
eS eee 
Bolling, Stewart, & Company, Inc. 916 
Dusenbery, John, Company, Inc. 1023 
Falls Engineering and Machine 
Co., The .«: ea 
Goulding Mfg. eT eT eC Tee 
Hobbs Manuf: acturing Co. 
934, 1048, 1053 
Liberty Machine Co., Inc. ...... 972 
Progressive Machine Co., Inc. ... 975 
Robbins Plastic Machinery Corp 
924, 925 
Waldron, John, Corporation . 1026, 1027 


SPLICERS 
Robbins Plastic Machinery Corp. 


924, 925 


STEAM GENERATOR 
Pantex Mfg. Corp oe 1046 


TAKE-OFF EQUIPMENT 
Black-Clawson Company, The, Dilts 

Be. sx oe» 10D 
Faeco Machine Co., 2 .. 1048 
Goulding Mfg. Co. 1048 
Hartig Extruders, Div. Midland- 

Ross Corp. 1012, 1013 
Killion Tool & Manufacturing Co. . 996 
Liberty Machine Co., Inc. 972 
National Rubber Machinery Com- 

9 1010 
Progressive Machine Co., ae 
Robbins Plastic Machinery Corp. 

924, 925 


TAPPERS 


Mico Instrument Company 


TESTING EQUIPMENT & 


MEASURING DEVICES 

Atlas Electric Devices Co. 
Brabender Corporation . . ; 
Instruments, 


Brabender, C. W., 
Sg PR ney ee ee 

Cady, E. J., & Company 

Scott Testers, Inc. ... 

Testing Machines Inc 


TRANSFER PRESSES 

Adamson United Company 984, 985 
B. I. P. Engineering Ltd. ...... 1029 
Bolling, Stewart, & Company, Inc. 916 
Daniels, T. H. & J., Ltd. 1066 
Elmes Engineering Div., American 

Steel Foundries .............. 1001 
Erie Foundry Co. . seccce MOOM 
Farrel-Birmingham C ‘ompany, Inc. 

1060, 1061 
French Oil Mill Machinery Co., 

The, Hydraulic Press Div. .... 1042 
Hull-Standard Corporation ...... 1063 
Hydraulic Press Mfg. Co., The 994, 995 
Lawton, C. A., Company, The ... 938 
Logan Hydraulics, Inc. . soee OBO 
M & N Modern Hydr: wulic Press 

Co. i 
Stokes, F. J., Corporation aon 
Watson-Stillman Press Div., Farrel- 

Birmingham Co., Inc .. 1044, 1045 


TRIMMING PRESSES 
Dake Corporation 


USED & REBUILT MACHINERY 

Johnson Machinery Co. . ; 

Reliable Rubber & Plastic Ma- 
chinery Co., Inc 


VACUUM METALLIZING 
EQUIPMENT 

N RC Equipment Corporation .. 1039 
Stokes, F. J., Corporation 1005 


VACUUM & SHEET FORMING 
MACHINES 

Auto-Vac Company .... soos Ce 
eT er 998 
Denies, T. H. & J., Lid. ........ 3 
Rainville Company Inc., The 982, 1002 


VALVES, ey 
Daniels, T. . J., Ltd 1066 
ekaGuine * alve Company, 

The .. ea : wos LOLS 


VARIABLE SPEED DRIVES 
Reliance Electric & Engineering 
Da. aeeia wens ; vines See 


WINDERS, SPOOLERS, CORES 
Adamson United Company 984, 985 
Black-Clawson Company, The, Dilts 
Div. .. ee oe 1089 
Cylinder Mfg. Co. ............-. 1046 
, al ihc Sat 1009, 1010 
Dusenbery, John, Company, Inc. 1023 
Faeco Machine Co., Inc. ......... 1048 
Hobbs Manufacturing Co. 
934, 1048, 1053 
Progressive Machine Co., Inc . 975 
Waldron, John, Corporation 1026, 1027 
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WITH PRODEX EXTRUDERS 


PRODEX P.V.P. VENTED EXTRUDERS L/D 24:1 and 30:1 are outperforming other 
machines in leading plants throughout the world. 


* POLYSTYRENE SHEET without predrying * HIGH DENSITY POLYETHYLENES from powder feed 
* CABLE JACKETING without porosity © *) CALENDER FEEDING without banbury or mills 
* CONTINUOUS COMPOUNDING for wire, cable, records and reclaiming with excellent dispersion 


*» DEVOLATILIZING and continuous removal of monomers, moisture, etc. 


PRODEX P.V.P. EXTRUDERS perform these operations within close tolerances and at higher output rates. 


FREE 50 PAGE ILLUSTRATED BULLETIN 


* Send for bulletin E-3, second edition / > 


for complete details. 


* Arrange for a demonstration 


today on your material. 


Partial view of Prodex sheet haul-off. Built in 
temperature control and Beta Ray thickness gage. 
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30 TO 80% MORE PRODUCTION 


PRODEX NON-VENTED EXTRUDERS L/D 20:1 and 24:1 have set new standards of 
performance in precision and output rate when venting is not required. 


Sound engineering and advanced instrumentation guarantee easy and 
trouble free operation. 


*» GENERAL CUSTOM EXTRUSION for wide variety of compounds and cross-sections 


» FILM EXTRUSION of polyethylene and vinyl ~*: LAMINATING plastic to plastic and paper coating 
*-VALVED EXTRUSION, interrupted valving for molding and continuous valving 


for dispersion and extrusion. 


Package installations for sheet, film, pipe, wire and cable; continuous compounding and laminating. 
PRODEX EXTRUDERS are available in 1%’, 2/2, 32", 42", 6” and 8” sizes. 
2 Om De ap, 


PRODEX CORPORATION {ip 


FORDS, NEW JERSEY - Hillcrest 2-2800 


Manufacturers of Process and Extrusion Machinery 











PRODUCTION 
and 
LABORATORY 
MACHINERY 


PLASTICS e RUBBER 


Stewart Bolling laboratory and pro- 
duction intensive mixers embody 
exclusive Spiral-Flow removable 
side construction. Mixers have 
standard geared drives, or helical 
or herringbone compound drives 
for high power input and rotor 
speeds... Hydraulic presses are 
made in many sizes and types for 


compression or transfer molding. . . MIXERS %°- 4 Bolling Spiral-Flow Intensive Mixer of 5100 cu. in. 
Ab d f ll si d capacity, with 300 h.p. compound type helical drive, 

road range Of roll sizes an illustrating special motorized discharge door assembly. 
frame designs is offered in Bolling’s 


line of calenders. . . Today's largest 
and most modern line of laboratory 
mills has been developed by Stew- 
art Bolling as a result of pioneer- 
ing and specializing in this field... 
Bolling’s production mills feature 
operating convenience and efficien- 
cy with safety and minimum main- 
tenance. Ask on your letterhead 
for a catalog on any basic line of 
equipment. 


PRESSES Transfer and compres- 


moldin resses 
} ng 50 to 3500 tons, CALENDERS Above is 4-roll, 8” x 16” lab-production 
14” x 14” through 42” model. 2-, 3- and 4-roll from 8" dia 
zx 42”. through 22” dia. rolls, 16” through 66" face 











® 


MILLS Eleven sizes from 21" dia., 7” wide rolls, through 26” dia., 100” width. LEFT—Deluxe model 8” x20" mill with variable 
speed, variable friction. RIGHT—Extra compact right-angle assembly of heavy duty 22” x 60 mill with 150 h.p. drive 





STEWART BOLLING & COMPANY, INC. ( cateworns » acrmens » cancers 


HYDRAULIC PRESSES « $ 
3196 EAST 65TH STREET * CLEVELAND 27, OHIO BALE SLITTERS © ‘ret neDUCtR: 


<i 








These Cincinnati Machines Give You 


A BIG ADVANTAGE 
In Making Fine Plastic Molds 


CONTOUR MASTER 


For small- to medium-size tool and die work. Table 
and saddle feeds are manually operated through 
anti-friction feed screws and nuts. Hydraulic trac- 
ing unit (encircled in red) scans the master to auto- 
matically control vertical movement of cutter spin- 
dle. Range, 16” or 22” table travel, 10” cross travel, 
342" vertical. Write for catalog No. M-1919-2. 


HYDRO-TEL 

For medium-size tool and die work. 
Table and cross slides are hydrauli- 
cally actuated; effortless Servo con- 
trol for hand operation; infinitely 
variable power feeds of | to 25 ipm. 
Two types of hydraulic tracing units 
available: automatic depth control, 
and combination automatic depth 
and 360° profiling (shown in circle). 
Range, 30’x16"; spindle drive, 5 hp. 
Write for catalog No. M-1497-1. 


16” VERTICAL ° 


28” VERTICAL 

HYDRO-TEL 
For machining large molds such as 
those required for dress forms, re- 
frigerator doors, etc. Table and cross 
slides are hydraulically actuated; in- 
finitely variable feed range of | to 
25 ipm. Two types of hydraulic trac- 
ing units available: automatic depth 
control (in red circle), and combina- 
tion automatic depth and 360° profil- 
ing. Range, 60”, 96” or 120” x 30”. 
Write for catalog No. M-1773-2. 


THE CINCINNATI MILLING MACHINE CO. 
CINCINNATI 9, OHIO 


‘O) Knee Type Milling Machines * Bed Type 
Milling Machines ¢ Die Sinking Machines 


Cutter and Tool Grinders 











MOLDING MAGIC! 


MOLD UP TO 1620 BIG PROFIT ITEMS PER HOUR... LIKE MAGIC 


NOW ... even BIGGER! 


Machines are now avail- 
able with a 15", 25" and 
75" molding area, able 
to mold items eight times 
larger than previously 
thought possible. Items 
such as the unicorn, shown 
here. Imagine, it's auto- 
matically molded, in one 
operation! 


THE AKRON PreESFORM Mo.Lp Co. 


Phone WA 8-2105 
2030 Main Street, Cuyahoga Falls, Ohio 


FORMS MOLDS DIES MACHINERY 
LATEX DIPPING STEEL AND ALUMINUM PLASTIC INJECTION SPECIAL. AUTOMATIC 


Nn ee ee BE i i a er 
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CHROMALOX FAR-INFRARED GENERATORS 


Durable, splash-proof, glare-free, color-blind and precisely controllable 


Metaray « 
Far-Infra- 
red Lamp 
Replace- 
ment Units 
Types FR 
and FRB 


Radiant 
Heaters, 
single 
element 
Type RAD 


Radiant 
Heaters, 
double 

element 


Type 
RADD 


Adjustable 
area 
Radiant 
Heaters 
Type 
U-RAD © 


Modular 
Radiant 
Panels 


Type RP 


where to use 


Annealing 
Calendering 

Curing, Conveyorized 
Drape forming 
Drying coatings 
Drying silk screening 


Drying and preheating 
granules 


Drying and curing 
plastic loaded 
glass mat 


Drying reinforced 
plastic preforms 


Embossing 
Forming and shaping 


Fusing of cast films 
and sheets 


Heat sealing 
Ink drying 
Laminating 
Paint drying 


Planishing and 
polishing 


Postforming 

Slush molding 

Transfer molding 

Resin curing 

Resin finishing 

Setting paper additives 
Setting paper coating 
Vacuum forming 


Vinyl fusing 


design features 


The Metaray® lamp replacement element is 
an adaptation of the metal-sheath Far-Infrared 
heater. It is designed to replace glass-enclosed 
lamps in all types of lamp-bank installations. 

Provides more uniform work coverage be- 
cause the heat source is not localized in a small, 
hot filament, but is dispersed in a large figure 8 
pattern providing more uniform heat on the 
work. 


sizes - Fati: gs 


G-30 lamp equivalent 
375 watts, screw base 
500 watts, screw ba: 


Screw base: 375 watis 
for doublewall oven 
375 and 500 watts with 
built-in reflector. 


T-40 lamp equivalents 
600 watts, bi-post base; 
1200watts, bi-post base 





Radiation is in a straight uniform band, ideal 
for heating large areas such as films, sheets, 
web-fed and rotating work. 

Heat source is a straight tubular element 
mounted in an extruded aluminum base with 
a polished aluminum reflector. Element is located 
at the focus of the parabolic reflector and is 
mounted on secondary insulating bushings. 

Housing is equipped with removable, sliding 
mounting clamps which provide flexibility in 
mounting under a variety of conditions. 


Heated lengths: 
16%" to 78” 

Watts: 600 to 3600 

Volts: 120, 240, 480 


Special models up to 30 
feet. 


Hermetically sealed 
units for contaminated 
atmospheres. 





Provide up to twice the output of Type RAD 
single element heaters and are available in the 
same lengths and voltages. 

Conversion kits are available to convert 
present Type RAD housing to double element 
Type RADD. 

Single end wiring is available in all lengths. 


Heated lengths: 
16%” to 78” 


Watts: 600 to 3600 
Volts: 120, 240, 480 


Special models up to 30 
feet. 


Hermetically sealed 
units for contaminated 
atmospheres. 





If your work varies in dimensions, savings in 
heat, time and money can be made with this 
new and exclusive Chromalox arrangement. 

Interchangeable elements give you complete 
flexibility of ‘‘heat sizes.’" Up to 27 heated 
lengths can be obtained in a single Type RAD 
housing with only six different Type RUTU 
elements. 

Elements are easily and quickly interchanged 
to fit the heat to the work. 


Available as follows 

Complete assemblies. Housing 
and elements separate. Ele- 
ments 1 for your present 
Type RAD housings. 

27 heated lengths from 8” to 78” 
Watts per housing: 800 to 7200 
Volts: 120, 240, 480 

Special heated lengths available 
on order. 


Water-proof and vapor-proof 
construction available. 





Extra large work areas requiring high intensity 
heat may be economically supplied with Far 
Infrared modular radiant panels. 

This Far-Infrared generator is a complete 
oven section equipped with metal-sheath 
heating elements, reflector, 5-ply insulation 
rigid steel frame, bus bars, terminal cover and 
mounting channels. Elements are easily re 
moved to vary wattage distribution and intensity. 


12” x 48”: 240, 480 v 
kw., single or three ph 
24” x 48”: 240, 480 volt 
kw., single or three pha 
x 66” 240. 480 volt 
igle or three phase 
24” x 66”: 480 volts 
single phase 
240. 480 volts, 30 kw 
phase 


Special lengths available 


automatically switch any Chromalox heater 0 and 
off as required. The sensitive bulb is located the 
point where heat must be controlled. 

Special optional features include: threaded ‘ing, 
neoprene knob cover, special capillary length, ter efa- 
ture limit stop, neon pilot light, explosion-proof h sing 
and protective well. 


"| — Chromatox Input Controllers are cycling devices, de- 
Input | __ signed for use on all Chromalox Far-Infrared Heaters 
Controllers to vary heater output from 4 to 100% of capacity. 
and When applied to conveyor-type radiant ovens, great 
flexibility of work temperature may be obtained through 
Thermostats use of an Input Controller at each oven zone. 
Chromalox Thermostats are directly connected, to 





CHROMALOX HEATING ELEMENTS AND PACKAGED HEATERS 


Cartridge 
Heaters 


EEE 


lat. 


Tin 


“ 
oom 
co? 


I 


Circulation 
Heaters 


Forced 
Air Duct 


where to use 


For localized heating in 
work areas requiring 
Close thermal control 
such as 

Dies 

Platens 

Molds 

Extrusion and Injection 
Barrels 


design features 


Refractory-imbedded element in straight, accu- 
rately finished sheath. Sized to slip smoothly 
into standard drilled openings. Thermal expan- 
sion forces cartridge into positive, firm contact 
for maximum heat transfer. 

Brass sheath is standard. Stainless steel 
sheath available for higher temperatures. Avail- 
able with flexible wire leads and bolt-type 
terminals. 

Special devices to protect heater leads against 
flexing action, abrasion, moisture or vapors 


sizes - ratings 


Diameters 
¥y" to 11%," 


Overall lengths 
1%” to 25%” 


Watts: 30 to 2000 
Volts: 115 and 230 





For accurately con- 
trolled heating of water, 
oils, heat transfer 
media, steam, air or 
other gases: Dies, Plat- 
ens, Molds, Rolls, Dry- 
ing and Laminating, 
Preheating granules, 
Blow molding, Com- 
pression molding, Ex- 
trusion molding, Injec- 
tion molding, Transfer 
molding 


Acomplete heat package with built-in elements; 
rugged, corrosion-resistant, steel pipe heating 
chamber; full insulation; heavy gauge steel 
jacket; thermostat and two sturdy mounting 
lugs and pipe connections. 


Explosion- and moisture-resistant terminal 
covers for special conditions. 


Water: 1 to 100 kw. 
Oils: 1% to 40 kw. 
Dowtherm, Aroclor, 
Prestone: 1% to 40 kw. 
Steam, air and other 
gases: 1 to 40 kw. 


Most sizes available 
from stock in either 
230 or 460 volts, single 
or three phase 


Special sizes to order 





Platens 

Dies 

Heat sealing blades 
Drying ovens 


Easy to install with standard bolts, or heavy 
duty clamps. Available curved lengthwise or in 
cross-section. Provides heat where you need it 
at accurately maintained temperatures. 

Nickel chromium resistor; embedded in re- 
fractory which is hydraulically compacted to 
maximum density and rock-hardness, and en- 
closed in metal sheath. 


Heaters are furnace-fired to 1500°F. to semi 
vitrify and mature the refractory. 


Volts: 115, 230, 460 
Watts: 150 to 4500 
standard. 


%", 1%", 2%" widths 
Lengths up to 96 inches 


Terminals, sheath ma- 
terial and auxiliary 
equipment to accom- 
modate your‘ require- 
ments. 





Barrel heating for ex- 
trusion and injection 
molding. 


Consists of a pair of half-circle refractory- 
insulated strip heaters and new special alloy 
clamping band. 

Gives you a tight fit and unvarying heat on 
the barrel up to 700° F. 

Easy, four-step installation : position heaters, 
apply clamping band, secure clamping bolt, 
connect terminal hardware to wiring. 


Available in standard 
radii to fit most barrels 
3” to 11%” 


230 volts 


200 to 1400 watts per 
half-circle element 





For air ducts, ovens and 
dryers . . . for use in 
heat treating and bend- 
ing ovens, re-circulat- 
ing air ducts and similar 
applications. 


Type CAB Heater consists of Finstrip elements 
mounted side by side in a steel frame. Mount- 
ing holes in sides of frame facilitate installation. 
Fins are made from aluminized steel. Heaters 
available with either side or bottom terminals. 

Type TDH Heater has Chromalox alloy- 
sheathed tubular elements mounted in a steel 
flange, complete with mounting holes. Termi- 
nals, located outside the heat zone, may be 
connected to control entire heater or various 
sections. Individual heating elements may be 
easily replaced. 


CAB: 115, 208, 230, 460 volts 
6 to 100 kw 
Heaters rated from 40 kw 
to 75 kw are supplied with 
two heater circuits. From 
75 to 100 kw, with three 

circuits 
TDH: 240, 480 volts 

6 to 60 kw 
For air velocities up to 6 ft 
sec., air temperature should 
be limited to 750°F. maxi- 
mum. For greater air veloc 
ities, air temperatures 
should not exceed 1050°F 
maximum 








Application 


Reports 


The following field application reports have been prepared to assist you in plan 
and applying electric heat to your operation. Any or all are available upon reqi 


R-102 
R-104 


R-121 
R-123 
R-128 


R-129 
R-132 


R-143 
R-144 


R-145 
RP-201 


Drying Plastic Powders 
Maintaining Processing Tem- 
peratures in Micarta Strips 
Dehydrating Vinyl Sheets 
Drying Plastic Laminates 
Curing Plastic: Coating on 
Spring Clips 

Fusing Vinyl to Chip Board 
Heating for Embossing Poly- 
vinyl Chloride Plastic 

Fusing Plastisol Coating to 
Make Imitation Leather 
Vacuum Forming 

Vacuum Forming 

Heating Plexiglas Plastic 


RP-207 


F-1545 
L-1068 
L-1086 


L-1089 
L-1091 
L-1103 
L-1114 


L-1118 
F-1572 


Sheets Prior to Forming 


RP-202 Preheating to Vacuum-Form 


F-1592 


Heating Plastic Sheets 
Vacuum Forming 

Embossing 

Fusing Vinyl on Work Glo = 
Preheating Vinyl for Emt 
ing 

Vacuum Forming 
Post-forming Formica 
Post-forming Textolite 
Reinforces Plastic Parts a 
ferent Way 

Vacuum Forming 

“The Vinyl Report” on Fusing 
and Embossing Cast and Cal- 
endered Materials with Far- 
Infrared 

Plastisol Coatings (Embossing) 





Product 
Information 


The following literature gives detailed information on Chromalox Electric Heating 
Products for the Plastics Industry. Any or all are available upon request. 


Catalog 50 
Bulletin CS-604 
Bulletin SD-170 
Bulletin CS-606 
Bulletin CS-607 
Bulletin L-1104 
Bulletin 850 
Bulletin 701 
Bulletin F-1566 
Bulletin SP-2508 


Bulletin SP-2505A 


General Industrial Catalog 


Chromalox Radiant Heaters (single element) 
Chromalox Radiant Heaters (double element) 


Chromalox Radiant Panels 


Chromalox Adjustable Area Far-Infrared Heaters 
Chromalox Metaray Lamp Replacement elements 


Chromalox Cartridge Heaters 
Chromalox Circulation Heaters 
Chromalox Strip Heaters 
Chromalox Heater Bands 


Electric Heat for Better Plastics Processing 





Engineering 
Service 


Chromalox Application Engineers 
provide Nationwide engineering 
assistance for all your electric 
heating problems. Contact the 
Chromalox Representative near- 
est you for on-the-spot service 
He can bring to your operation 
the experience gained in thou- 
sands of similar installations in 
the Plastics Industry. 


ATLANTA 9, GEORGIA 
Applebee-Church, Inc 
1389 Peachtree Street, N.E 
Trinity 5-7244 


BALA-CYNWYD, PENNSYLVANIA 
J. V. Calhoun Company 

349 Montgomery Avenue 
Mohawk 4-6113 

Greenwood 3-4477 


BALTIMORE 18, MARYLAND 
Paul V. Renoff Company 
333 East 25th Street 
Hopkins 7-3280 


BINGHAMTON, NEW YORK 
R. P. Smith Co., Inc 

94 Henry Street 

Phone 4-7703 


BLOOMFIELD, NEW JERSEY 
R. L. Faber & Associates, Inc 
1246 Broad Street 
Edison 8-6900 
New York: Worth 4-2990 


BOSTON 11, MASSACHUSETTS 
Leo C. Pelkus and Company, Inc 
683 Atlantic Avenue 
Liberty 2-1941 


BUFFALO 2, NEW YORK 
Niagara Electric Sales Company 
505 Delaware Avenue 
Summer 4000 


CHARLOTTE 2, NORTH CAROLINA 
Ranson, Wallace & Company 

116% East Fourth Street 

Edison 4-4244 

Franklin 5-1044 


CHATTANOOGA 1, TENNESSEE 
H. R. Miles and Associates 
P.O. Box 172 

Phone 5-3862 


CHICAGO 5, ILLINOIS 
Fred |. Tourtelot Company 
407 South Dearborn Street 
Harrison 7-5464 


CINCINNATI 8, OHIO 
The Smysor Company 
1046 Delta Avenue 
Trinity 1-0605 


CLEARWATER, FLORIDA 
J. J. Galleher 

617 Cleveland Street 

P. 0. Box 1376 

Phone 3-7706 


CLEVELAND 13, OHIO 
Anderson-Bolds, Inc 
2012 West 25th Street 
Prospect 1-7112 


DALLAS 26, TEXAS 
L. R. Ward Company 
3009 Canton Street 
Riverside 1-6279 


DAVENPORT, IOWA 
Voico Company 
215 Kahl Building 
Phone: 3-2144 


DENVER 2, COLORADO 

E. & M. Equipment Company 
2415 Fifteenth Street 
Glendale 5-3651 

Genesee 3-0821 


DES MOINES 14, IOWA 
Midwest Equipment Co. of lowa 
842 Fifth Avenue 
Cherry 3-1203 


DETROIT 38, MICHIGAN 
Carman Adams, Inc 

15760 James Couzens Highway 
University 3-9100 


HOUSTON 3, TEXAS 
L. R. Ward Company 
3605 Polk Avenue 
Capitol 5-0356 


INDIANAPOLIS 4, INDIANA 
Couchman-Conant, Inc 

627 Architects & Builders Building 
Melrose 5-5313 


KANSAS CITY 6, MISSOURI 
Fraser D. Moore Co 

106 East 14th Street 

Victor 2-3306 


LOS ANGELES 15, CALIFORNIA 
Montgomery Brothers 

1053 South Olive Street 
Richmond 7-9401 


MIDDLETOWN, CONNECTICUT 
Dittman and Greer, Inc. 

33 Pleasant Street 

Diamond 6-9606 


MILWAUKEE 3, WISCONSIN 
Gordon Hatch Co., Inc 

531 West Wisconsin Avenue 
Broadway 1-3021 


MINNEAPOLIS 4, MINNESOTA 
Volco Company 

831 South Sixth Street 
Federal 6-3373 


NASHVILLE 4, TENNESSEE 
H. R. Miles and Associates 
2500B Franklin Road 
Cypress 2-7016 


NEW YORK CITY, NEW YORK 
See “Bloomfield, New Jersey” 


OMAHA 2, NEBRASKA 

Midwest Equipment Co. of Omaha 
1614 Izard Street 

Atlantic 7600 


PHILADELPHIA, PENNSYLVANIA 
See “Bala. Cynwyd, Pennsylvania” 


PITTSBURGH 6, PENNSYLVANIA 
Woessner-Mc Knight Company 
1310 Highland Building 
115 South Highland Avenue 
Emerson 1-2900 


PORTLAND 9, OREGON 
Montgomery Brothers 
1632 N. W. Johnson Street 
Capitol 3-4197 


RICHMOND 26, VIRGINIA 
0. M. Thompson 
Westhampton Station 
P. 0. Box 8762 
Atlantic 8-8758 


ROCHESTER 4, NEW YORK 
Niagara Electric Sales Co. 
133 Clinton Avenue South 
Hamilton 6-2070 


ST. LOUIS 1, MISSOURI 
C. B. Fall Company 
317 North 11th Street 
Suite 1001 
Chestnut 1-2433 


SAN FRANCISCO 3, CALIFORNIA 
Montgomery Brothers 

1122 Howard Street 

Underhill 1-3527 


SEATTLE 4, WASHINGTON 
Montgomery Brothers 

911 Western Avenue 

Main 4-7297 


SYRACUSE 6, NEW YORK 
R. P. Smith Co., Inc. 
2507 James Street 
Howard 3-2748 


WICHITA 2, KANSAS 
Fraser D. Moore Co. 
Room 211 Derby Building 
352 North Broadway 
Amherst 2-5647 


EXPORT DEPARTMENT 
1010 Schaff Building 
Philadelphia 2, Pennsylvania 
Locust 4-4020 


CHROMALOX 


Electiie Pteat- 


INDUSTRIAL + COMMERCIAL + RESIDENTIAL 


EDWIN L. WIEGAND COMPANY 
7613 THOMAS BOULEVARD * PITTSBURGH 6, PA. 
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A NEW 
COST REDUCING FEATURE NOW POSSIBLE 


WITH THE 


HYDRAULIC 
PREFORMER 


FOR HIGH BULK MATERIALS 


Rag or flock filled, melamine “Fines” or general 
purpose materials can be preformed automat- 
ically. Large die area permits production of 
maximum size preforms. Multiple cavities can 
be used for smaller preforms. Processing with 
high bulk materials in your plant becomes auto- 
matic if you own a Logan Preformer. 


Check LOGAN Before You Buy 
Automatic molding with | hori- 
: ogan hor 


and using 


You will find it profitable 
to discuss your production 
problem with a Logan 
Engineer. 


h-buik-factor type ma- 

new way fo reduce costs. 

be olen a complete line of semi- 

molding custom engineered 

sses for compression ond transfer 

Sona actos features will ap- 
we 


LOGAN HYDRAU LICS, INC. 


4901 WEST LAWRENCE AVENUE «+ CHICAGO 30, ILLINOIS 











From die to complete post 
extrusion equipment- 


ROBBINS 
DIES: 


Sheet 

Flat Film 

Blown Film 
Pipe—rigid and 
flexible 

Tubing 

Profiles 

WY olalevaiteleatiane 
Strands 


ROBBINS 
POST 
EXTRUSION 
EQUIPMENT: 


Conveyors 

Refrigerated Water Tanks 
Shears 

Oe Telielals 

Sheet and Film 

Wind Ups 


Sheet and Film 
allEelis 


Sheet Polishers 
Trimmers 

Conveyors 

Stackers 
Monofilament Winders 
Pipe Coilers 

Heat Exchangers 
Cut-Off Saws 

Pipe Pull-Offs 
Forming Tanks and Racks 
Control Cabinets 


Blown Film Dies 


\ Blown Film 
Haul-Off Unit 


Monofilament Winder 





CHOOSE ROBBINS 


Whether it is a Die... Post Extru- 
sion Equipment... Unit or Com- 
bination Sheet Haul-Offs you can 
count on Robbins engineering ex- 
perience and production ability 
to work closely with you. Recent 
expansion of Robbins’ engineering 
facilities permits active consulta- 
tion, not only on Robbins stand- 


ard line, but in the development 
or modification of processing 
equipment to meet your particular 
needs. Robbins haul-off equipment 
is designed for all extruder makes 
and can be furnished in a com- 
plete line with extruder of your 
choice with full line guarantee. All 
inquiries given prompt attention. 


mem KOBBINS engineered and ROBBINS built 


The equipment illustrated shows how capably Robbins units 
combine to form a complete line haul-off assembly. 
Robbins units can also be mounted on individual bases 
for positioning that best fits your needs. 

Customers enjoy definite installation economies. 

For example, the Heat Exchangers in the 

Chromium Roll haul-off unit are 
completely pre-piped. Temperature 
Controllers, pumps and all elec- 
trical work is finished and ready. 


Let Robbins be your “early bird.” 
Please write 


SHEET POLISHER 


CHROMIUM ROLLS 


RUBBER ROLLS 


» STACKER 


Robbins 
Representatives: 
hinery Sales Co. 
Angeles 58, Calif. 
nod Co. Rubber Div. 
nto 10, Canada 
1 Naftaly & Sons 
lta, Manila, Philippines 
1co Ltd. 
Paulo, Brazil 
h & Co. Ltd 
0 and Osaka, Japan 


ROBBINS PLASTIC 
MACHINERY CORP. 


Subsidiary of Lynch Corp., Anderson, Ind., U.S.A 
1430 Mishawaka St., Elkhart, Ind. 











INSTRUMENTATION|| 


from simple Timing and Sequencing 


3500-Ib. 
lype E380 Fully Balanced 
Three-Way Valve is cylinder 


Three-Way Valve. 


operated, compact and has a 
high capacity. Pressure may 
be applied to any port con- 
due to the valve’s 
fully balanced design. 35 to 
50 psi. air pressure. 


nection, 


Type D765 Robotron Timer 
—the complete timing con- 
trol for plastic molding 
presses. Panel is so sim- 
ple that any possible cycle 
sequence can be set up in 
as short a time as 10 sec- 
onds, without particular 
skill or familiarity. 


3 


3500-Ib. Two-Way Valve. Type 
E370 Fully Balanced Two- 
Way Valve is cylinder oper- 
ated, compact and has excel- 
lent capacity. Available either 
normally open, or normally 
closed. Normally operated at 
35 to 50 psi. air pressure. 


Cylinder Operated Valves. 
Type D532. 750 psi. Half the 
size of conventional valves 
and with one quarter the parts, 
this valve is extremely com- 
pact and maintenance-free. 
Sizes 44” to 214". Normally 
open; normally closed and 3- 
way over balanced. 


All valves shown available with Nev-R-GRIND* construction. 
Teflon disc design means no grinding, no warping, no fouling—minimum maintenance. 


A SUBSIDIARY OF “Taylor |nstrument Companies 


Type £364 Robotron Timer —a 
flexible, quickly set controller 
for the precise operation of a 
Hydraulic Press where bump. 
ing and timing control is re- 
quired. Extremely low load and 
high capacity ensure long life 
and dependability. 


Diaphragm Operated Valves. 
Air-operated. High capacity 
in Normally Open, Normally 
Closed, 3-Way and Normally 
Open V-Port types. Pressures 
to 300 psi. Bronze, cast-iron 
or steel bodies. Any trim. Also 
available with cylinder op- 
erators. 


‘Taylor-Emmett Controls, Ine. 





FOR 


NY PROCESS 


to fully Coordinated Control! 


Taylor FLEX-O-TIMER* Cycle Controller. 
Operates compression presses automa- 
tically at the push of a start button. Actu- 
ates switches, turns valves, and performs 
many other operations involving tem- 
perature, pressure, mechanical motion, 
electrical energy or any combination of 
these. Settings can be quickly changed. 


Taylor Triple Duty Dial. 6’ Dial Indica- 
tor can be used for three process varia- 
bles—temperature, pressure and load. 
Dependably accurate throughout the 
range span. Fume and moisture proof 
case may be face or flush mounted, on 
panel or field case. Electric alarm mech- 
anisms optional. 


Taylor FULSCOPE* Controller. For twenty 
years the standard of dependable, accu- 
rate control of temperature or pressure. 
Will hold precise temperatures through- 
out the processing of any compression 
molded product, from small batch to 
long continuous run. Control points 
easily changed for different products. 


Taylor BI-THERM* Dial Thermometer —a 
quick, reliable bi-metallic thermometer, 
ideal for applications where an easy- 
reading, low cost, direct connection in- 
strument is desired. Unaffected by am- 
bient temperatures—accurate to +1% of 
scale. 3” or 5” dials. 4’, 6’, 9" and 12’ 
stems. Range minus 40° to plus 750°F. 


FULSCOPE Time Schedule Controller. Wil! 
repeat exactly any predetermined pro- 
gram involving temperature, pressure, 
flow or level, or any two of these. Con- 
trols rate of rise, hold periods, and rate 
of fall, in any desired sequence. Ideally 
suited for printed circuit or other laminar 
molding. Ensures uniform product. 


Taylor HI-FLOW* Valve. Has greater flow 
capacity than conventional! valve of same 
size. Net flow area is equal to 90% of the 
same size standard pipe. Simple design 
keeps maintenance to a minimum; rugged 
construction assures you a long service 
life. Inherent tight shut-off. Sizes 1 
through 2", direct or reverse acting. 


Taylor Instrument Companies, and their subsidiary Taylor-Emmett Controls, Inc., offer you a wide range of instruments for 
completely coordinated control or simple timing and sequencing. Dependable, accurate and ingeniously designed, these 
instruments are all available through your experienced Taylor Field Engineer. Write Rochester, New York or Toronto, Ont. 


le-Mark 


aylor Luslrument Compantes 


VISION 


INGENUITY ° 


DEPENDABILITY 





AU TO-VAG pioneer producer of machines for 
thermoforming sheet plastic, offers a COMP LE TE LINE ! 


MASTER-VAC — large capacity — roll feed and semi-automatic 
take-off. Handles 44” rolls. For high speed, continuous production 
of thin-gauge plastic articles. 





EQA (shown with plug attachment) 
— versatile ‘“‘work-horse” of the in- 
dustry. Easily adapted to skin pack- 
ing and roll feed. Available in form- 
ing areas from 24” x 36” to 48” x 72”. 
Plug forming attachment increases 
versatility and permits deep-draw 


Pressure-Vac 


MODEL P2428 — for low cost, extra high 
speed automatic forming of oriented styrene, 
Mylar, Nylon, cast acrylic, high density poly- 
ethylene, etc. Roll feed — forms 28 square 
feet per minute with high detail, close tol- 
erances and depths to 6”. Uses vacuum, high 








forming. 


MODEL L— largest vacuum forming ma- 
chine in the world — used by television and 
movie production departments for forming 
vinyl props, scenery and flats. Forms prod- 
ucts from 3” x 3” to 6 ft. x 12.6 ft., up to 
24” deep, from low cost plaster molds or 
actual prototypes, with excellent detail and 
high definition. 


AUTO-PAK —for unusually high volume production 
in skin packing, blister packing and the Auto-Vac 
“Snap-Pak" process. Designed for quick mold changes 

switch rapidly and easily from one process to another. 
Has continuous roll feed and 20” x 25” forming area. 





pressures plus direct contact heating for 
greater speed, heating control and efficiency 


LAB-VAC — offers low-cost versatility for product 
and package design, material testing, prototype 
forming or short production packaging runs. Be- 
sides straight vacuum forming on female molds, 
drape forming on combination male and female 
molds, the Lab-Vac may be equipped for deep- 
draw, air cushion plug forming. 


ROLL-VAC — all purpose 
drape and vacuum forming 
machine. Forming area 20” x 
30”. Continuous roll-feed pro- 
duction of 50,000 units per 
hour. Completely automatic 
cycle from roll feed indexing 
through automatic shear cut- 
off. Roll-Vac can be synchro- 
nized with die-cutting, filling 
or packaging operations into 
a continuous production line. 


and NOW AVAILABLE 


for specific production requirements 


* Multi-Vac 


MODEL M3050 a completely versatile machine for straight 
vacuum, drape, plug/drape, snap back, “Air Slip”, air cush- 
ioned plug and slip-ring forming. Features heaters both above 
and below the plastic, each with independent drive, controls 
and timers to permit retraction of the lower heater at the 
exact moment of material sag. Designed for use with light and 
heavy gauge plastic sheet. Plugs up to 24” deep may be used. 


+ Pilot-Vac 


high speed cycling — forms 
perature thermoplastics at 
feet per minute. Manual or 
operation 
for package design, sample 
laboratory material testing. 


AUTO-VAE (usu 


A DIVISION OF NATIONAL TOOL COMPANY 


928 


MODEL P1212 — pressure forming with 


—roll-feed attachment. 


+ Pro-Vac 


MODEL L2430 — a vacuum forming 
production unit with 24” x 30” form- 
ing area — automatic heat and drape 
operation — rolkfeed attachment. A 
medium size and price unit for use 
on “in between” jobs. 


high tem- 
12 square 
automatic 
Ideal 
runs and 


For complete information 
please call or write 


1984 State Street Extension — Bridgeport, C 





than SOOO 
BATTENFELD 


INJECTION 
MOLDING 
MACHINES 


are operating in 
51 countries all 
over the world 


a | 
° : 


a“ 
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These machines 
give most economical 
production 


The fully automatic 

operation, simple elektro- 
mechanical design with 

an amazing record of quality 
maintained over long production 
runs at lowest initial and lowest 
operating costs are the outstanding 


characteristics of 


BATTENFELD 


INJECTION MOLDING MACHINES 

















Representatives for 


U.S.A.: MOLDING SYSTEMS INC., DANIELSON, CONN. 


CANADA: HUSKY MANUFACTURING & TOOL WORKS ONTARIO LIMITED: 
WILLOWDALE BOX 113, 5870 YONGE ST., TORONTO. (ONT.), CANADA 











INJECTION MACHINES GIVE YOU: 

















This 16 oz. waste basket molded in less than 
30 seconds is typical Natco 400 polyethylene 
production. Color change in less than 10 shots. 
Rejects less than 1%. Perfect dry coloring. You 
can’t beat Natco’s high speed injection, big 
shot capacity, high melt output. 


faster molding CYCIES: more parts per shit 


trouble-free operation: tree of costly downtime 


higher quality PAITS: color, finish, strength: 


Natco is truly “‘a molder’s molding machine”’ designed 

to give you greater speed with complete dependability. 

Each production unit incorporates major engineering 

features, many of which have never been available before! 

e Fast injection, fastest clamp action ever offered 

e Patented shockless closed-circuit hydraulic system 

¢ Two speed injection control, independent of pressure 
Dual injection pressure system for strain-free parts 
Accurate control over speeds, temperatures, pressures 
Choice of 20,000 or 30,000 psi interchangeable plungers 
Automatic dual voltage heating system 


930 


¢ Lots of daylight and stroke for deep parts 
¢ Big capacity “leakproof” heating chamber 


¢ Built-in “‘extra’’ power units for double speed 


The most profitable decision you can make is to put 
Natcos to work in your molding shop. Buy now! Every 
day on the job your Natcos will meet the tightest 
production deadlines, give consistent high qualit) 
results. And they’ll work around the clock, withou! 
costly downtime. 


Ask one of our nearby plastics engineers to tell you wh 
new Natcoscan do for you. Write for catalog, illustrati: 
all the features of this new line of injection machin: 





Seventy radio cabinets per hour. . . 21% oz. 
shot. Natco’s 400 kept rejects below 1%! Two 
speed injection, big platens, high speed injec- 
tion, lots of plasticizing capacity, precision 
built ejector (vertical or horizontal), prepack, 
add up to profitable polystyrene production 
with Natcos. 


This Natco 400 molds acrylic bus lenses 42% 
faster. Natco’s variable displacement pump 
provides accurate injection speed control—no 
flow control valves used ! Choice of 20,000 or 
30,000 psi plungers. Heating chamber has ideal 
flow conditions, low pressure drop. There’s 
plenty of mold clamp pressure. 


Telephone housing production proved the 
Natco is ideal for molding cellulosics. Excellent 
heat control—without “hot spots”, fast color 
change, fully adjustable speeds and pressures 
with accurate plunger cushion control. No idle 
cycle time guarantees top production output. 


eeeeeeee 
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The complete Natco Line includes . . . 


PLASTICS MACHINERY DIVISION 


National Automatic Tool Co., Inc. 


RICHMOND, INDIANA 





NATCO NATCO | NATCO 
300 400 400X 800 


| Shot Size, Ozs.—Single Feed | 22 28 28 85 85 
f DISTRICT SALES OFFICES 


| Melt Capacity (Ibs. /hr.) 130 165 165 350 350 6606 West North Ave., Oak Park, I 
| Platens (inches) 33x33 | 38x38 55x55 | 55x55 Detroit 27, Mich. 


Vernon, N. Y. 
clearance Between Rods 21Y%ax 21% | 25x 25 362 x 36% | 36% x 36% ° 
lamp Tonnage (max.) 325 *425 850 850 
lamp Stroke (max.) 24” 26” 26” **40" **40" 























Los Angeles Ellison Machinery 

Se nee. Harron, Ritual @ Malem ot N. Call 

Philadelphia  W.E _—. 
Stanley Machinery Company 


Jaylight Opening (max.) 42" 50” 50” 85” 85” 
nyection Speed (cu.in./min.) | 1125 1140 2280 2000 4000 
*Also available with 550 ton clamp. § **Also available with 55” stroke. 


























Pittsburgh 


931 











tas TRIULZI machines 


TRIULZI Injection Molding Machine capacities 


Model 30: 1 oz. 








range from 
4 to 10,000 grams 
(350 oz.) 


Fully automatic 

Fast cycling 
Self-contained 

Easy to operate 
Ruggedly constructed 
Safer 


Simple to maintain 


.... and Interestingly priced! 


For details and literature write 


Off. A. TRIULZI $.a.s. 


via Vialba 56 NOVATE (Milano), Italy 
Telegrams: TRIULZIPRES—NOVATE MILANESE 





A Masterpiece produced by te RIULZI 


Model PL 6/10 


Europe's largest injection molding 
machine (350 oz.) 

_.with preplasticizer and 
possibility for a 
wider daylight 


PRODUCED FROM LOW PRESSURE POLYETHYLENE 





Weight: 8,400 kg. (300 oz.) 
Maximum @: 750 mm. (30”) 
Minimum @: 550 mm. (22”) 
Maximum Height: 650 mm. (26”) 


TRIULZi Model PL 6/10 





Clamping Force: 1500 metric tons (1650 am. tons) 
Daylight: 1650 mm. (65”); optional extra, 
any other sizes requested 


Size of Platens: 1470 by 1650 mm. (58” by 65”) 


Write today for literature and catalog to 


Of. A. TRIULZI sas. 


via Vialba 56 NOVATE (Milano), Italy 
Telesrams: TRIULZIPRES—NOVATE MILANESE 





Hosss-JACQuES 
HAND 
SHEARS » 


Modern Methods Cost Less 


SAVE MATERIAL AND TIME WHEN YOU CUT 
PAPER, LEATHER, PLASTICS, OTHER SOFT STOCK 


Whatever soft materials you cut, Hobbs-Jacques 
Hand Shears do the job quickly and accurately in 
one easy stroke. Even if it’s only an occasional 
operation, modern ‘‘engineered cutting’ equip- 
ment saves the cost of waste materials and time. 
Hobbs-Jacques Hand Shears include a complete 
line for widths 16” to 10’. Bench and table 
models, with and without gauges. 
= Write for 
“Engineered Cutting” 
brochure. No obligation! 


MANUFACTURING CO. 


S51 te02 55 SALISBURY ST., WORCESTER 5, MASS 





WINDERS 


HAND AND 
POWER SHEARS 


DIE PRESSES 
SLITTERS 
CORNER CUTTERS 


Branch Offices and Representatives in 


Irving, N. J., Chicago, Cleveland, Greensburg, S. C 
and Toronto, Can. 











LOW COST WAY 
TO MAKE FRIENDS 
AND INFLUENCE SALES! 


e@ Reprints of articles and features that appear in 
Modern Plastics are often surprisingly inexpen- 
sive when ordered in quantity. Many companies 
make it a practice to have stories which have a 
bearing on their business reprinted for distribu- 
tion to their own personnel, customers, prospects, 
stockholders, or to other interested groups. 
Whenever you see editorial matter of this type 
in Modern Plastics magazine or the Encyclopedia 
Issue which you can use in reprint form, in quan- 
tities of 200 copies or more, write and quotations 


will be furnished promptly. 


INDUSTRIAL MAGAZINE SERVICE 
An Affiliate of Breskin Publications 
575 Madison Avenue 


New York 22, N. Y. 








BEFORE YOU BUY ANY EXTRUDER... Compare 


MOST ADVANCED PLASTIC PROCESSING EQUIPMENT 


100% COMPLETE PACKAGED UNITS 
Which: 
* EXTRUDE * COOL ® CUT 
© PULL OFF © WIND UP ON REELS 
¢ TREAT FOR PRINTING 


MPM PACKAGED UNITS 
Produce: 
* POLISHED QUALITY SHEETING 
* BLOWN FILM * MONOFILAMENTS 
¢ PIPE AND MISCELLANEOUS SHAPES 
From All Types of Resins 


MPM also makes a full line of wire covering, laboratory 


extrusion equipment, paper coaters, and laminator em- 
bossers, and all types of dies. 





MPM Extruders are available in screw sizes of 1” — 142” — 2” — 
244" — 344" — 442” — 6” — 8” — with cylinders of 16:1 — 20:1 
— 24:1 Le/D Ratio. 


MPM MODEL NO. MPM MODEL NO. 
EF 250-20 E-6-89 
Screw Diameter 242" 24” 
Le/D Ratio 20:1 20:1 
Heating Load — Watts 12,750 8,250 


Gear Ratio 23.8:1 5:1 Chain 
3:1 V-Belt 

Trans. H.P. at 75 rpm 28 25 

Type Gears Herringbone Silent Chain 


Thrust Bearing Capacity ) 27,000 hrs. 26,000 hrs. 
B-10 Life at 75 rpm j at 10,000 p.s.i. at 5,000 p.s.i. 


Motor H.P. 15-25 15 
Screw Speed Range (Standard) 7-85 rpm 10 - 75 rpm 
Output per hour 85 - 135 Ibs. 80 - 115 Ibs. 
Cooling System — Cylinder Air Water 
Cooling System — Hopper Water Water 
Heating Zones 4 3 

*Note: B-10 Life — See Anti-Friction Bearing Mfg. Asso. Stds. 

Specifications for other sizes on request 


modern plastic machinery corp. 


15 Union St., Lodi, N. J., U.S.A. © Cable Address: MODPLASEX 
IN USE IN THE UNITED STATES AND THROUGHOUT THE WORLD 














ANOTHER NEW IMPCO 


Special Purpose Injection Molding Machine 
for Containerlike Molding 


MODEL CA30-75 


® 30-50 gram capacity ® separate injection and clamp 
® 30 molding cycles per minute’ hydraulic circuits 
® shut-off nozzle for pre-pressurized ® shock mounted control panel 
molding ®@ photo electric recycling monitor 
® simplified mold construction ® 75 ton clamp 
® built-in die and platen cooling © 914" stroke 
arrangement ® fully automatic 


*dependent on material and mold construction 
p 


(APES IMPROVED MACHINERY INC. 


NASHUA - NEW HAMPSHIRE 





In Canada, Sherbrooke Machineries Limited, Sherbrooke, Quebec 





‘IN-LINE’ 
PRE-PLASTICISER 


COMPLETELY SELF-CONTAINED 
HAND OR SEMI-AUTOMATIC CYCLE 
CONTROI 

HYDRAULICALLY RETRACTABLE 
MULTI-SCREW PRE-PLASTICIZING 
UNIT 

CAPACITY 52 ozs PER SHOT 
(POLYSTYRENE) 

MOULD HEIGHT ADJUSTMENT BY 
CENTRE SCREW MECHANISM 








‘AUTOPLAS’ 


‘IN-LINE’ 
PRE-PLASTICISER 


ACCURATE, STRESS-FREE 
MOULDINGS 

EASY CHANGE OF COLOUR OR 
MATERIAI 

HAND OR SEMI-AUTOMATIC 
CYCLE CONTROL 

MOULDS UP TO 26 ozs. PER SHOT 
(POLYSTYRENE) 





he complete Windsor range includes: 
INJECTION MOULDING MACHINES 
from I to 200 ozs. capacities and 
EXTRUSION MACHINES 
»f from 75 to 500 Ibs. per hour @ 


*Fully illustrated literature 


| available on request. 
Sales and Service 


R. H. WINDSOR (CANADA) LIMITED 
56 ADVANCE ROAD, TORONTO 18, ONTARIO, CANADA 
Telephone: BELMONT 2-2971 GRAMS AND CABLES: WINPLAS, TORONTO, CANADA 





HEAD OFFICE AND WORKS: 

R. H. WINDSOR LIMITED 

LEATHERHEAD ROAD, CHESSINGTON, SURREY, ENGLAND 

Lc don Office: 49 UPPER BROOK STREET, LONDON, W.1. ENGLAND 








A JOY TO OPERATE oa A PROFIT TO OWN 


Hydraulic 7 — Hydraulic 


PRESSES . CYLINDERS 


C FRAME | ) ALLOYED IRON 


AIR HYDR. MEEHANITE 
METAL DRAW STEEL 
COMPRESSION 

BRONZE 


TRANSFER " 
° 


COMPACT DESIGN | STURDY CONSTRUCTION 
= * 


DEPENDABLE WORKERS POSITIVE CONTROLS 








(200 TON) 
Reinforced Plastic Molding Press 
THE C. A. LAWTON COMPANY -— DePere 1, Wisconsin 








ELECTRONIC 
BD EAT SEALERS 


=YEARS AHEA:; 


————® PERFORMANCE 
oan) Fae 


EXCLUSIVE: 


@ HEAVY DUTY INTEGRATED UNIT 
@ PATENTED SWING DOOR 


@ TAKES LESS FLOOR SPACE 
THAN ANY UNIT ON MARKET 


@ CENTRAL CONTROL PANEL 


NEW CADY MICROMETER [ae sizes 


ee 1 to 10 kw — IN STOCK 
for calipering in 12 to 50 kw — ON ORDER 
Ten-Thousandths of an Inch 














This precision instrument supplies 
accurate thickness readings for 

plastic films, foils, papers, any . WRITE FOR 
thin sheet stock up to .050”. Im- * FREE CATALOGUE 
mediate Delivery. Write for com- 
plete information and price. 


E. J. CADY & COMPANY Dynatherm Division 


658 N. Harlem + River Forest, Ill. 
as GUILD eEcectTrRONiIcs, inc. 
388 BROADWAY «+ NEW YORK 13,N. Y. 


























Ko injection of : erial ensuring 


/ first class productivity and cuttin down costs... 


if 


f 


offers you 
the most 





complete range 
of injection 
' olding 


nachines 









TYPE 600c 


gutonomous with zutomatie cycle 





/ /or entirely Automatic. 
j 
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Machinery and Equipment 


A. a guide to the various types 


of equipment 
processing, 


used in plastics 


this section reviews 


the basic machines in each field, 


including the newest develop- 


INSTRUMENTATION 


gil 


ments introduced during the past 
year. The individual articles cov- 
ering equipment for specific proc- 
essing techniques are listed in the 
Section Index on p. 941. 





BY JOSEPH H. MAYER* 


The 
applying instruments to plastics 
molding machines are the vari- 
ables involved and their 
The 


a good, 


prime considerations when 


relative 


importance. difference be- 


tween uniform plastics 


product and a poor one is often 


the 
critical 


decided by cleseness with 


the 
temperature, 


which variables— 
and time 
This article will 
the 
measuring 


pressure, 
are controlled. 
various 


deal primarily with 


methods of and con- 


trolling these variables. 


Temperature 


In most molding processes, heat 
is used to soften the plastic ma- 
terial that it can 
properly. Heat is used to 
(or harden) a thermosetting 
plastic 


so be molded 
also 
cure 
to form a solid infusible 
mass 

The source of heat may be elec- 
tricity, 
The 


controls 


gas, steam, or hot liquid. 


temperature instruments and 
that with 


each heating medium are outlined 


can be used 


below. 


Electric heating control 


Resistance heaters (cartridge 
or strip elements) are used for 
electric heating. The simplest and 
most economical heater control is 
the on-off type 


thermostat. 


provided by a 


The thermostat opens or closes 
* Market Extension 
lis-Honeywell 


poi 
Windri Avenues 


Industrial Div Minnea 
Regulator Co Wavne and 


Philadelphia 44, Pa 


940 


a pair of contacts to control the 
current to the resistance heater. 


When 


used, it is 


several heating elements 
not necessary to 
regulate current to all of them. 
On-off control is applied only to 


as many elements as are required 


are 


to maintain the desired tempera- 
ture. 
The 


is also 


millivoltmeter 
for on-off control. 
It is more accurate than the ther- 
mostat and it has a sensitive elec- 


pyrometer 
used 


tronic control circuit that is easily 
adjusted to fit the needs of the 
process. Another advantage of the 
millivoltmeter is that it is actu- 
ated by a thermocouple element. 
More rugged than the bimetallic 
strip of a thermostat, the thermo- 
couple is able to withstand un- 
usual process conditions like high 
temperatures, corrosive 
The 


can also be remotely 


atmo- 
millivoltmeter 
located by 
extending the thermocouple leads. 

Although on-off control is pop- 


spheres, ete. 


ular because of its simplicity and 
low 


be used 
under the most favorable process 
When 
not ideal, excessive cycling about 
the set point occurs. This unstable 
control affects the product qual- 
ity and increases the number of 
rejects. 

The 
with 
usually 


cost, it can only 


conditions. conditions are 


millivoltmeter pyrometer 


time-proportioning control 
cycling. This 
instrument provides straight-line 


eliminates 


control by proportioning the heat 
input to the heat demand. It does 
this by the ratio of on 
time to off time as the controlled 
variable the 
point. 

Fig. 1, p. 941, 


control action of 


varying 


deviates from set 
illustrates the 
a time-propor- 
full- 
and a pro- 
20 
(Proportional band is defined as 


tioning controller with a 
cycle time of 10 sec. 
portional band of degrees. 
that part of the instrument range 
through which the variable is 
proportionally controlled.) At the 
set point, the controller 
final element 
then off for 5 seconds. If the tem- 
perature drops 10°, the control 
element is on for the full 10-sec 
cycle. If the 
say, 


turns the 


control on 5 sec., 


temperature rises, 


to 5° above the set point, the 


off 


millivoltmeter 


control element is on 2.5 sec., 
The 


time-proportioning 


7.5 seconds. 


with control 
provides accurate, critical control 
for the majority of plastics mold- 
ing installations. 

For even finer control, the mil- 
livoltmeter be fitted with 
current-proportioning control that 
puts out a dic. 


can 


current which is 
proportional to the deviation of 
the variable from the set point. 
Since the d.c. signal is too small to 
control the heaters directly, it is 
fed into a suitable amplifying de- 
vice such as a magnetic amplifier. 
The amplified signal controls a 
saturable-core which in 
turn varies the amount of current 
to the heating elements. 

The millivoltmeter 
provides 


reactor 


controller 
measurement 
and indication of the variable for 
all of the many types of electri- 
cally heated equipment for plas- 
tics molding. In those instances 
when a chart record is desired, a 
potentiometer controller 


accurate 


can be 
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used. This type of controller is 
currently available with any of 
the forms of control devices which 
operate either electrically or 
pneumatically. 


Steam heating control 


When saturated steam is used 
to heat hollow molds or platens, 
pressure regulation can serve as 
a basis for temperature control. 
The simplest way to control steam 
temperature is to use a self- 
actuated pressure regulator in the 
steam line. 

The _ self-actuated regulator 
consists of a valve body, a dia- 
phragm which moves the valve 
stem, and a spring or weight that 
opposes the force of the dia- 
phragm. As steam flows through 
the line, pressure is applied on 
the diaphragm, developing a force. 
When this force is greater or 
smaller than the opposing force 
of the spring, the difference be- 
tween the two forces opens or 
closes the valve proportionately. 

The main advantage of the self- 
actuated regulator is that it is 
small and economical and uses no 
external source of power. It can 
be used in any system where a 
few degrees of change in con- 
trolled temperature can be toler- 
ated. If there are wide changes 
in steam pressure or temperature, 
the regulator will not maintain 
close control because the propor- 
tional band cannot be adjusted to 
meet the varying load conditions. 

Where closer control is required 
(within 1°% of set point), another 
type of controller must be used. 
This controller uses an external 
source of power (either pneu- 
matic or electric) to operate the 
control valve. Because pneumatic 
control is simpler in approach 
than electric, it can be used to 
explain the advanced modes of 
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control. Note, however, that the 
comments made on pneumatic 
control apply also to electric con- 
trol. 

Figure 2, p. 942, illustrates a 
non-indicating pneumatic con- 
troller that can be used to control 
either temperature or pressure. 
For pressure control the bulb is 
removed and the tubing is con- 
nected directly to the system 
whose pressure is to be controlled. 
This instrument is simple and 
provides an adjustable narrow 
proportional band (1 to 10% of 
range). The instrument measures 
the pressure directly by a bellows 
assembly. As the steam pressure 
changes, the bellows moves a 
flapper closer to or further away 
from an air nozzle, bleeding more 
or less air from the air supply 
line. This modulates the con- 
trolled air signal to the control 
valve, thus opening or closing the 
valve a proportional amount to 
keep pressure at the set point. 
The set point and proportional 
band (throttling range) can be 
adjusted externally by a knob and 
a set screw. Where indication is 
wanted, a small, compact con- 
troller can be used to indicate 
both set point and variable. 

The non-indicating and indi- 
cating controllers with adjustable 
proportional band provide posi- 
tion-proportioning control action. 
With this kind of control action 
the final control element is moved 


Fig. 1: Control action of 
a time- proportioning 
controller with a full- 
cycle time of 10 sec. and 
a proportional band of 
20 degrees 


to a definite position for each 
value of the controlled variable. 

Position-proportioning control 
action is graphically represented 
in Fig. 3, p. 942. In this example, 
the steam temperature is to be 
controlled at 150° F. and the pro- 
portional band extends from 100 
to 200° F. When the controlled 
temperature is 100° F. or less, the 
valve is wide open. But when 
temperature is between 100 and 
200° F., the controller sensitively 
moves the valve as shown by the 
proportional-position action line. 
For example, at 125° F. the valve 
is 75% open; at 150° F., only 50% 
open, etc. Finally, when the tem- 
perature reaches 200° F, or more, 
the valve is fully closed. 

The position-proportioning con- 
troller moves the final control ele- 
ment to one, and only one, posi- 
tion for any given value of the 
controlled variable, regardless of 
the process load. This can be a 
disadvantage if there is a change 
in the process load condition be- 
cause offset results. Offset is a 
sustained deviation from set point 
due to a sustained change in proc- 
ess conditions. 

Offset can be eliminated by the 
use of reset; this shifts the pro- 
portional band of the controller 
about the set point. The effect of 
reset is shown in Figure 4, p. 943. 
band for all 


three curves shown is 40° of full 


The proportional 


scale. Curve A represents the set 
point at the middle of the band. 
The valve in this case is 50° open 
when the controlled variable is at 
the set point. If the process load 
falls off so that the valve should 
now be 25° open to keep the 
variable at the set point, reset 
shifts the 
downscale as shown by Curve B. 


proportional band 
Conversely, if the load increases 
so that the valve should be 75° 
open, reset shifts the band up- 
scale as shown by Curve C. The 
important thing is that the pen 
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remains at the set point while the 
valve is moved to compensate for 
process upsets. 

If the changes are infrequent 
and small, the indicating con- 
troller with a manual reset adjust- 
ment can be used to eliminate off- 
set 

When large 
process load 


changes in the 
frequently, 
position-proportioning controllers 
with an automatic reset feature 
are used. These controllers pro- 
vide automatic shifting of the pro- 
portional band whenever there is 
a change in the process load. The 
controllers are available with 
bellows, spiral, helix, or Bourdon- 
tube actuation. 

Proportional-plus-reset control 
works very well in cases where 
time lag in the process has no 
appreciable effect on _ control. 
(Time lag is defined as the inter- 
val of time which elapses between 
a change in the final control ele- 
ment and its first noticeable effect 
on the measuring element.) A 
large elapse of time causes the 
controller to overshoot the set 
point and thus result in excessive 
cycling. 


occur 


In these cases, the use of rate 
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Fig. 2: A non-indicat- 
ing pneumatic controller 
that can be used to con- 
trol either temperature 
or pressure. It provides 
an adjustable narrow 
proportional band (1 to 
10% of range) 


Capillary 
Tubing 


action can be considered. Rate 
action provides a continuous re- 
lationship between the rate of 
change of the controlled variable 
and the position of the final con- 
trol element. The effect is to bring 
the controlled variable back to the 
set point sooner than usual and to 
reduce overshoot to a minimum. 
Rate action never exists alone but 
is used in combination with pro- 
portional or 
reset action. 


proportional-plus- 


Hot water heating control 


The instruments used to control 
hot-water heating systems are 
basically the same as those out- 
lined for steam-heat control. 
However, when controlling a hot- 
water valve, we measure tem- 
perature directly with primary 
elements such as filled thermal 
systems, thermocouple assemblies, 
and resistance thermometers. 

The simplest form of control 
for a hot water system is a self- 
actuated regulator with a vapor or 
liquid-filled thermal system. As 
the water temperature increases, 
the vapor or liquid in the filled 
system expands and actuates a 
bellows. This bellows is opposed 


Fig. 3 Graphic illustra- 
tion of position-propor- 
tioning control action. 
The steam temperature 
is to be controlled at 
150° F. and the propor- 
tional band extends from 
100 to 200° F. 


by a second bellows that repre- 
sents the set point. The unbalance 
between the opposing forces opens 
and closes the regulator’s inner 
valve which controls the flow of 
hot water. The advantages and 
limitations of this temperature 
regulator are essentially the same 
as those of the pressure regulator 
discussed previously. 

When the self-actuated regula- 
tor does not meet the process con- 
trol requirements, the pneumatic 
temperature controller shown in 
Fig. 2, left, can be used. For this 
application, however, the bellows 
is part of a closed fluid system 
and a larger spring is used to ad- 
just the set point. 

The hot water temperature con- 
trollers used in a plastics molding 
operation are usually actuated by 
a filled-system thermometer or by 
a thermocouple. The thermo- 
couple is easier to service since it 
can be easily disconnected from 
the instrument. The filled system, 
on the other hand, requires re- 
filling and resoldering at the fac- 
tory every time it is damaged. 

When the thermocouple is used 
to measure hot water tempera- 
ture, the logical instrument to use 
is the potentiometer controller. 
The millivoltmeter controller is 
not applicable because it is not 
usually provided with pneumatic 
control. The potentiometer con- 
troller is a faster, more sensitive 
and accurate instrument than any 
of the other controllers discussed. 
It is available with a wide choice 
of measuring circuits and electric 
and pneumatic control. 

The selection of controllers and 
control forms for hot water heat- 
ing is largely determined by 
process conditions in the same 
manner as outlined for steam 
temperature control. 


It is sometimes necessary to 
cool the mold. Water is the usual 
coolant and is handled like hot 
water. 


Gas-heating control: Tempera- 
ture control for gas-heating sys- 
tems involves the same basic con- 
trollers as outlined for hot-water 
systems, assuming a control valve 
feeds the gas to the burner. 


Pressure 


We have seen that pressure 
measurement can be used in the 
plastic molding industry to control 
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steam temperature. Another equ- 
ally important use of pressure 
measurement in this industry is 
the control of pressure to hydrau- 
lic rams of compression and injec- 
tion molding machines. 

The majority of plastics molding 
presses have both a low-pressure 
(300-500 p.s.i.) and a high-pres- 
sure (1500-3000 p.s.i.) system. 

In general, elements such as the 
Bourdon tube, spiral, helix, and 
strain gage are used to measure 
both the high and low hydraulic 
pressures. 

The speed of the hydraulic press 
can be controlled simply by using 
a pressure switch and a solenoid- 
actuated bypass valve. Initially, 
the low-pressure pump is used to 
close the press rapidly. As the 
press nears the closed position, 
the pressure switch energizes the 
valve which by-passes the low 
pressure and connects the high- 
pressure line. The high-pressure 
pump slowly completes the 
clamping of the mold. 

If a position-proportioning con- 
troller is used, the opening and 
closing of the press can be very 
sensitively controlled. The move- 
ment of control valves in the 
high- and low-pressure lines can 
be varied by small amounts to 
apply the proper pressure to the 
mold. The same type of control- 
lers that are used to control steam 
valves can be applied to hydraulic 
fluid valves. Once again, the con- 
trol refinements used depend on 
the characteristics of the process 
involved. 

Instruments actuated by direct 
connected pressure elements, such 
as spirals, have a calibrated accu- 
racy in the order of +1. of total 
span. Where greater accuracy of 
measurement and control is re- 
quired, the potentiometer con- 
troller actuated by a pressure 
transducer can be used. The 
transducer measures the pressure 
and transmits an electrical signal 
proportional to the measurement. 
The strain gage which can be in- 
corporated into the potentiometer 
bridge circuit is an example of a 
transducing device. 

The control of hydraulic pres- 
sure in an injection machine mak- 
ing complicated and very-thin- 
section moldings is a_ typical 
application of the potentiometer 
for pressure control. If the injec- 
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tion pressure is too high, the plas- 
tics will either over-pack or flash 
the mold. The potentiometer ac- 
curately measures changes in 
mold pressures and closely con- 
trols a relief valve in the hy- 
draulic pressure line. 


Time 

Timers are used to program the 
various molding operations such 
as application of high or low pres- 
sure to the molds, heating and 
cooling of platens and molds, ete. 
Timers can provide either manual 
or automatic programming. In 
manual operation, the timer is set 
by hand for each program. When 
the timer is used with an instru- 
ment or another timer that can 
actuate its synchronous motor, 
automatic program control is pos- 
sible. 

How the timer can be used to 
advantage with an instrument for 
automatic program control can 
best be explained by citing an ex- 
ample. Let us assume the mold is 
being heated by hot water and we 
are using a potentiometer control- 
ler to measure and control the 
temperature. The potentiometer 
controller can be equipped with 
auxiliary electric switches that 
actuate timers when the tempera- 


Pen Position, °/. Full Scole 


ture reaches the set point. The 
timers will automatically apply 
mold pressure for the preset time 
period while the instrument main- 
tains the temperature at the set 
point. We can also interconnect a 
pressure controller with the 
timers to insure the proper period 
of curing at the ideal temperature 
and pressure for the plastic that 
is being molded. This type of pro- 
grammed operation assures the 
molder of fewer rejects of the 
finished product. 


Other variables 

The weight of molding powder 
fed with each shot is a very im- 
portant factor in molding. When 
the raw plastic is being prepared, 
the quantity to be molded should 
be very carefully measured. This 
is best accomplished by a weigh- 
feeder, a sensitive scale, usually 
with a compensating control that 
adjusts the weight in order to 
maintain a constant ram-forward 
position. 

It is becoming increasingly evi- 
dent in the plastic molding indus- 
try that a better product can be 
made more economically when 
the variables are accurately 
measured and closely controlled 
with reliable instrumentation. 
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BY WILLIAM F. BROWN* 


Jmprovements and modifications 
in injection molding machinery 
during recent years have been 
directed primarily toward time- 
* Sales mgr., Injection Molding Dept., Chicago 


Molded Products Corp., 1020 N. Kolmar Ave., 
Chicago 51, Ill. 
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cutting devices and systems aimed 
at speeding up molding produc- 
tion. With operational costs rising 
each year, the importance of 
greater production per machine 
hour has tended to intensify re- 
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search in this direction, with not- 
able results having been obtained 
through the reduction of cycle 
times, and with faster ram speeds. 

Although many variations and 
adaptations of injection molding 
machines are available, the basic 
over-all operation of most injec- 
tion molding machines remains 
the same. Basically the machines 
are set up as follows: 

1) The over-all superstructure 
of the machine containing the 
mounted parts that make up the 
operational units of the press. 

2) Motor-driven pumps activ- 
ating a hydraulic system which, 
in turn, moves and controls the 
entire machinery of the unit. 

3) Two cylinders, each having 
a hydraulically operated ram. 

4) A heating chamber into 
which is rammed unheated pellets 
to replace the previous melt, 
which is simultaneously forced 
through an orifice into the mold. 

5) The mold or die platen con- 
sisting of two heavy-gage, steel 
plates onto which the two parts of 
the injection mold are fastened. 
The platen containing the cavity 
half of the mold is attached to 
the stationary platen. The second, 
or removable, die platen is cou- 
pled with the core or ejector half 
of the mold. 

6) Both platens are mounted on 
tie-bars or ways that have been 
precision-machined. The movable 
platen is operated by means of 
the clamping ram which is con- 
nected either directly or by means 
of links and toggles to the platen. 
By moving the ram either for- 


ward or backward, the platen may 


be opened or closed. 

7) The timed operations of the 
machine are directed by various 
types of limit switches, timers, 
and solenoids that synchronize 
the sequence of part movements 
throughout the press. Heating el- 
ements, usually electric, and con- 
trolled by pyrometer (the “off and 
on” type, or more accurate 
proportioning-type pyrometers), 
provide the necessary heat for the 
controlled operation of the heat- 
ing cylinder. 

Added to these components are 
various types of supplementary 
equipment that increase flexibility 
of operation to reduce cycling 
time, allow for labor-saving de- 
vices that reduce costs, and save 


944 


on raw material. As time, labor, 
and material are the principle 
elements that determine the cost 
of an injection molded piece, 
molders are continually on the 
lookout for equipment improve- 
ments, improved techniques, and 
material refinements in order to 
maintain the lowest costs. 


Reducing cycle time 


Manufacturers of molding 
presses have helped molders ob- 
tain lower costs through the re- 
duction of machine cycle times. 
This has been achieved through 
faster ram speeds, more effective 
timing mechanisms, and increased 
use of hydraulic pressure. One 
method of reducing cycle time is 
by readjusting the ram travel on 
the die-opening stroke. This is 
possible not only with the all- 
hydraulic models but with the 
link-type machines as well. By 
presetting the injection ram, sev- 
eral seconds can be cut from reg- 
ular operating time on every in- 
jection stroke. Plunger advancers 
are now almost universal on all 
injection molding machines. One 
unit, a material prepacking de- 
vice, really a modified plunger- 
advance system, is now available 
on most machines. As the name 
implies, this mechanism, which is 
controlled by an electric timer, 
simply allows more material than 
normal to be placed into the heat- 
ing cylinder, by advancing and 
retracting the injection ram. The 
plunger is introduced only far 
enough to position the fresh ma- 
terial in the cylinder, but without 
sufficient force to impel material 
into the mold proper. Thus, more 
material can be plasticated per 
cycle, permitting the machine to 
run larger than standard shots 
and increasing press capacity. 


Cylinder design 

The determining factor of press 
output is governed by the ca- 
pacity of the heating cylinder 
properly to plasticate the material 
to keep pace with the modern 
fast-running injection, clamping, 
and ejection devices of the newer 
presses. Greatly improved cylin- 
der designs are now available 
that incorporate longer chambers, 
higher wattage, plus more effi- 
cient internal designs, which per- 
mit increased heat-transfer rates. 


All these factors allow for the 
speeding up of plasticating. 

One method of increasing the 
capacity of the heating cylinder is 
through the use of preplasticators. 
In this operation, the material is 
plasticated beforehand and then 
forced into the injection cylinder 
with an extruder-type screw 
mechanism, or with a _ recipro- 
cating auxiliary plunger. This 
method assures that there will al- 
ways be a sufficient amount of 
melted material ready to be in- 
jected. Preplasticating machines 
have a specific advantage in that 
they allow a substantial increase 
in shot capacity for a given shoot- 
ing cylinder size. 


Melt-extraction 

Another type of heating cylin- 
der, known as the “melt-extrac- 
tion” type, has replaced conven- 
tional cylinders on some models 
of injection molding machines. 
This cylinder has a_ perforated 
inner liner in contact with the 
outer cylinder wall where the heat 
transfer takes place. Once the 
material is plasticated it is forced 
through the perforations of the 
inner liner and is channelled to, 
and ejected through, the nozzle 
into the mold. This method gives 
greater uniformity of melt tem- 
peratures while speeding up the 
plasticating process. These units 
generally achieve maximum out- 
put only when designed for a par- 
ticular type of material, and 
therefore are not generally rec- 
ommended for machines in which 
a variety of materials are to be 
run. 

All materials must have a cool- 
ing period, after forming, before 
the mold can be opened and the 
formed part ejected. To achieve 
maximum cooling, care must be 
taken in designing the mold to 
provide adequate water channels. 
In addition, careful attention must 
be given to the use of controlled 
temperatures of the mold sur- 
faces. A recent innovation along 
this line has been the use of re- 
frigerated water through the 
cooling channels to reduce cycle 
time by permitting more rapid 
cooling of the molded part. 

An important development that 
is taking place in the industry is 
the designation by the Injection 
Machine Div. of the S.P.I. of a 
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set of standards for the layout 
of knockout pins, platen bolt-hole 
patterns, and nozzle line-up rings 
which will greatly facilitate the 
interchangeability of molds from 
one manufacturer’s press to an- 
other. These recently published 
standards will make it possible 
in the future to switch molds 
from one machine to another 
without the added expense of 
making tool alterations. Once 
adopted by all injection machine 
manufacturers, great savings in 
tooling costs and time will be 
realized by molders. 


Material-saving devices 


One innovation that has led 
to greater economy in material 
usage has been the introduction 
of a molding technique known as 
“hot-runner molding,” which re- 
quires an entirely new concept of 
mold design. In this system, the 
sprues and runners are kept in a 
plasticated state by means of 
heating elements directed by 
sensitive controls. The material 
is injected into the cavities 
through a heated runner system 
insulated from the cold mold. A 
major benefit of this system is 
that less material is removed 
from the mold during each cycle, 
as only the finished piece with 
its small center gate is removed 
from the Runners and 
sprues are completely done away 
with. In hot-runner molding, 
center gating is the accepted 
method of introducing the mate- 
rial into the cavity. One advan- 
tage of hot-runner molding is 
that, because the material is in- 
troduced directly to each cavity, 
a minimum injection time results 
and less melt is required per shot; 
so smaller machines can some- 
times be used. Another benefit 
of the system is that the melt 
temperature can thus be kept 
lower (in the safe range), avoid- 
ing brittleness and other defects 
in the finished article. Less cool- 
ing time is also required. 

Another method of saving on 
material, and at the same time 
improving the quality of produc- 
tion, is using weigh-feeders that 
premeasure, by weight, the exact 
amount of material before it is 
fed into the cylinder. Compen- 
sators, either automatic or man- 
ual, assure 


mold. 


that the 


correct 
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amount of material is fed into the 
cavity, thus promoting trouble- 
free operation. By eliminating 
overpacking, this accurate shot 
control gives molded sections 
which are more uniform from 
cycle to cycle. This saves on ma- 
terial and reduces strain. Weigh- 
feeders are offered as standard 
equipment on most injection 
molding machines sold today. 

A relatively simple system of 
flash prevention is one that em- 
ploys a series of microswitches 
that are activated when the faces 
of the mold have separated a 
few thousandths of an inch due 
to the pressure exerted by the 
injected material. When the cir- 
cuit is broken, it de-energizes a 
solenoid-operated hydraulic valve 
that immediately cuts the injec- 
tion stroke to a lower pressure 
and prevents flashing of the mold. 


Labor-saving devices 


An important class of labor- 
saving devices or systems used in 
the industry for the past several 
years, which has helped greatly 
to lower injection molding costs, 
has been automatic molding de- 
vices. These are low-pressure- 
closing, recycling, automatic-ejec- 
tion, and alarm systems; they 
have been improved and modified 
until today they are almost 
standard equipment on all injec- 
tion molding presses, particularly 
on the under-12-oz. sizes. With 
low-pressure-closing systems in 
operation, the full clamping force 
is applied only when the faces 
of the mold meet. By closing the 
mold under low pressure, there 
is less chance of damaging the 
cores and cavities if the molded 
part fails to eject properly. 

The complete removal of the 
shot from the mold after each shot 
has always presented a problem. 
On early automatic systems, air 
valves that operated both elec- 
trically and mechanically set off 
combinations of air streams that 
sprayed across the mold at the 
time ejection took place. The air 
streams blew the molded article 
off the cores and ejector pins, 
and propelled the shot down into 
a container beneath the tie-bars 
of the press. 

Newer systems, that operate 
either pneumatically or hy- 
draulically, utilize a series of 





sweeping devices or combs to 
perform the same function. These 
systems assure more positive shot 
removal than the air-blast meth- 
od, as the combs or sweeping 
devices cover the entire face of 
the mold and the ejection system. 
Sensitive microswitches keep the 
mold open until the sweeping op- 
eration is completed, to elim- 
inate the possibility of the mold 
closing upon 
or pieces. 


non-ejected parts 


One economical method that is 
widely used for salvaging scrap 
material is a small scrap grinder 
operated alongside the injection 
press by the machine operator for 
the immediate grinding of sprues, 
runners, and rejects. This does 
away with expensive and time- 
consuming material handling, 
eliminates the job of drying the 
reground scrap, and reduces con- 
such handling 
operations. More recent models of 
grinders feature design modifi- 
cation that allow easy accessa- 
bility to cutting knives to facili- 
tate a quick change-over from 
one material to another in the 
grinder. 


tamination from 


Along the line of labor-saving 
devices that have done much to 
reduce material-handling prob- 
lems are greatly improved mate- 
rial-loading systems. As almost 
all injection machine hoppers are 
some distance from the floor, bet- 
ter and more efficient systems, 
utilizing compressed air on the 
venturi principle, have been in- 
troduced in recent years. With 
earlier methods, great difficulty 
was encountered in lifting re- 
ground materials or so-called 
fines. Clogging of tubes usually 
resulted. Newer systems eliminate 
this problem and machines are 
now available to handle all types 
of materials. Also available are 
several combination 
and hopper-loaders that do much 


regrinders 


to reduce the costs of recovering 
scrap. 

As molding jobs become more 
complex and molders tend toward 
specialization, machine 
follows a like pattern, with more 
and more equipment appearing 


design 


on the market geared to perform 
specific types of molding opera- 
tions. Injection presses with ex- 
tra-long, die-opening strokes for 
so-called deep draws are avail- 
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able for molders of housewares. 
More vertical presses are avail- 
able for insert molding, as well 
as machines with special nozzles 
using heat-control devices and 
combination dehumidifier-pre- 


heaters for work with nylon. 
These are but a few examples 
of the many specialized types of 
injection machines and auxiliary 
equipment now available to do a 
better job for the molder. As other 


techniques are refined and as a 
more extensive body of engineer- 
ing data is built up, we can expect 
even more important develop- 
ments to be taking place in the 
future of injection molding. 


EQUIPMENT FOR COMPRESSION AND TRANSFER MOLDING 





A compression press consists es- 
sentially of a ram in a cylinder or 
pot, the pot being tied to a resist- 
ing head member through strain 
or tie rods. A movable platen 
equipped with bushings, one for 
each strain rod, is mounted on 
the outside end of the ram. Thus, 
clamping action occurs between 
the top of this movable platen and 
the flat underside of the press 
head. The ram is usually hydrau- 
lically operated. There are a few 
mechanical toggle presses too, and 
a combination hydraulic-pneu- 
matic press. Hydraulic power is 
delivered either by a central ac- 
cumulator system or by separate 
pumps that can be adapted for 
each press. 

Although many presses today 
are self-contained—that is, are 
equipped with all controls as well 
as their own pumps—there are 
many plants which operate with 
a central pressure system which 
supplies hydraulic power for the 
entire plant. These central sys- 
tems require high-pressure 
pumps, low-pressure pumps, and 
also hydraulic pressure accumu- 
lators. 

Three types of accumulators 
are in standard use. In one, the 
accumulator piston raises a heavy 
weight against gravity, and the 
weight is adjusted to give the de- 
sired hydraulic pressure. In an- 
other, the accumulator piston acts 
against a compressed air piston of 
much larger diameter, and the 
force exerted by the air produces 
the hydraulic pressure. In the 
third type, the water is pumped 
against a volume of compressed 
air; the compressed air is located 
in a tank. 

The different types of com- 
pression presses are designated 
according to their method of con- 
trol, that is, 1) hand-operated, 
2) semi-automatic, and 3) fully 
automatic. 

The designation “hand-operat- 
ed” indicates that the motions of 
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the press are actuated by manu- 
ally controlled valves. Such a press 
may be used with what is known 
as a hand mold, so called because 
it is not permanently mounted in 
the press, but is removed from 
the press after the curing cycle 
has been completed, and disman- 
tled on a convenient bench placed 
near the press. 

After the part has been re- 
moved from the mold, molding 
compound and inserts, if required, 
are placed in the cavity of the 
mold, the force plug is placed in 
position in the mold, and the en- 
tire assembly is manually posi- 
tioned on the lower platen. 

The hand-operated press may 
also be used with the two halves 
of the mold permanently assem- 
bled on the platens of the press. 
In this case, the mold may be 
equipped with knockout pins 
which are actuated by the mo- 
tion of the press; or the mold may 
be of a simple design requiring 
only a blast of air to remove the 
part. 

In a semi-automatic press, the 
mold is generally mounted per- 
manently in the press, and the 
only difference between the op- 
eration of this type mold in a 
hand press and in a semi-auto- 
matic press is that in the latter 
case the operator starts the mold- 
ing cycle by pressing a button or 
other control, and the complete 
cycle of mold closing, curing, and 
mold opening proceeds without 
further operator attention. The 
cycle, however, comes to a dead 
stop after the mold is open, and 
it is necessary for the operator to 
recycle the machine manually 
after the molding material has 
been loaded in the mold. All types 
of auxiliary equipment, such as 
knockout pins, side angle draw 
bars, etc., can be included in this 
semi-automatic cycle arrange- 
ment. 

In the case of the fully auto- 
matic press, no operator attention 


is required. All functions of mold- 
ing, from material loading right 
on down to the ejection of the 
part, are completely automatic. 

Any one of these types of 
presses can be further considered 
as upward-acting, downward- 
acting, and angle presses. In the 
case of the upward-acting press, 
the hydraulic ram moves upward 
and the hydraulic cylinder or pot 
is mounted in the base of the 
press. In the second or down- 
ward-acting type, the pot is 
mounted on the head of the press, 
and the movable ram goes down- 
ward to clamp. The angle press is 
somewhat different in that it 
consists of either an upward- or 
downward-acting mold _ clamp, 
tied to a horizontal-acting hy- 
draulic ram and cylinder assem- 
bly. This special type of press is 
used for certain molding jobs 
which require mold opening in 
more than one direction. 


Press capacity 


Certain specifications for com- 
pression presses are more impor- 
tant than others; for example, 
most compression presses are 
rated as having a capacity of “X” 
tons. For example, a 150-ton press 
will have a clamping pressure of 
150 tons between its movable 
platen and the head of the press 
when operated at the specified 
hydraulic pressure. Because of 
the factor of safety which is de- 
signed into the various elements 
of most hydraulic presses, this 
pressure can be raised somewhat, 
thus increasing the tonnage. In 
the majority of cases, however, 
accumulator-operated presses are 
designed to operate at hydraulic 
pressures of 2000 to 2200 p.s.i. 
In the case of self-contained 
presses, the hydraulic pressure is 
controlled by the pumping equip- 
ment installed by the manufac- 
turer. Presses are available in 
capacities from 5 to 3000 tons. 

The platen area of a compres- 
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sion press indicates the maximum 
size mold which can be mounted 
in the press. In some cases, of 
course, molds somewhat longer or 
wider than the platen area can be 
operated in a press with a portion 
of the mold projecting outside of 
the platen area; however, this is 
not recommended. Because of the 
very high pressures used, the 
portions of the mold projecting 
outside of the platen might tend 
to bend slightly, causing excessive 
flash and poor cut-off. 

The “daylight” opening refers 
to the maximum possible space 
obtainable between the inside of 
the head of the press and the 
movable platen. 


Transfer molding and presses 


A compression press can be 
simply converted to transfer 
molding. In this case, a second 
movable platen or bolster plate is 
mounted between the ram platen 
and the head. A transfer pot or 
chamber is mounted on the top 
of this movable bolster plate, and 
a fixed ram, the outside diameter 
of which is slightly smaller than 
the inside diameter of the pot, is 
mounted under the head of the 
press directly above the pot. A 
sprue bushing, which serves to 
deliver the material from the 
transfer pot to the mold, is de- 
signed so that it will go through 
the bolster plate and screw into 
the bottom of the transfer pot. 

In this type of transfer mold- 
ing, the mold clamp available de- 
pends upon the diameter of the 
transfer pot, since the only force 
available for both mold clamp and 
transferring is derived from the 
single hydraulic ram of the press. 

A transfer press is essentially a 
compression press equipped with 
an additional or auxiliary hy- 
draulic ram. The clamping ram of 
the press may be either upward- 
or downward-acting, with the 
transfer ram operating in a direc- 
tion opposed to it. An angle press 
may be used for transfer mold- 
ing, in which case the molding 
material may be transferred into 
the mold either by the vertical- 
acting ram or the horizontal-act- 
ing ram; the second ram acts to 
open, close, and clamp the mold. 

The use of a two-ram or trans- 
fer press for this type of molding 
permits the use of more cavities 
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in a mold than it is possible to 
use in a single-ram compression 
press converted to transfer mold- 
ing. This condition is made pos- 
sible since the total available 
clamping capacity of the press is 
entirely used for clamping, 
whereas in the case of the single- 
ram transfer method, a sizable 
portion of the clamp ram’s ton- 
nage is used for transfer pressure, 
and is thus lost to the clamp ac- 
tion. Although the two-ram-type 
press is used with the trans- 
fer setup, making use of a sepa- 
rate transfer pot, it is generally 
used with what is known as pres- 
sure-type transfer molds. This 
type of mold has the transfer pot 
built directly into one half of the 
mold. The diameter of this pot is 
slightly larger than the diameter 
of the transfer ram. 

With the transfer ram in the 
withdrawn position, preforms of 
molding compounds are dropped 
into this hole, and the action of 
the transfer plunger causes the 
material to flow through the run- 
ners and gates into the cavities of 
the mold. With this design, no 


sprue is used, so that when the 
mold is open a complete shot in- 
cludes not only the parts and 
runners, but also the cull disk. 


Other equipment 


There are two general types of 
preheaters used to precondition 
the thermosetting compound be- 
fore it is compression or transfer 
molded. One is the oven type, 
which gains its heat either from 
steam coils circulating hot air, or 
infra-red lamps. This type of pre- 
heater also doubles as a predrier. 

The second type of preheater 
operates on the dielectric princi- 
ple; that is, it makes use of the 
dielectric constant of preformed 
molding compound which causes 
the material to heat uniformly 
throughout its mass when it is 
used as the dielectric of a con- 
denser. Standard high-frequency 
preheating equipment of this na- 
ture is available in varying ca- 
pacities up to 15 kw., which size 
will raise the temperature of 12 
lb. of thermosetting material from 
ambient temperature to 250° F. 
in one minute. 
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BY H. E. BUECKEN* and R. K. SENN** 


Thermoplastic extrusion has de- 
veloped over the past 18 years 
to a multi-million dollar business. 
It has been estimated that 373 
million lb. of virgin polyethylene 
alone was extruded into finished 
products during 1957. There are 
probably about 10,000 thermo- 
plastic extruders in operation in 
the U.S. today. In addition to 
thermoplastics, materials such as 
rubber, clay, wax, nitrocellulose, 
and many other plastics materials 
are being successfully handled in 
screw type extruders. 

Today, it is possible to efficient- 
ly extrude profiles, shapes, sheets, 
films, pipe, tubing, wire covering, 
and monofilaments. In addition, 
extruding machines have become 
a tool for continuous compound- 
ing, coloring, and devolatilizing 
in chemical plants throughout the 
world. 

In view of the many applica- 
tions it can be used for and the 
* Ass’t vice president, Extruder Sales Div., 
National Rubber Machinery Co., 47 W. Ex- 
change St., Akron 8, Ohio 


Ass’t. mgr., Extruder Sales Div., National 
Rubber Machinery Co. 


many ways it can be used, when 
considering the purchase of an 
extruder it is wise to carefully 
analyze the design and be certain 
that it is suited to your needs. The 
following are some points to be 
considered. 


Screw 

The feed screw is the most con- 
troversial and closely guarded 
part of the machine. Naturally, 
the feed screw design may mean 
the difference between success 


‘and failure of an extruder appli- 


cation. Usually, the extruder has 
a number of designs from which 
to choose. Listed below are some 
of the types available and their 
uses: 

Full flighted, high and low 
compression for various grades of 
PVC materials; metering types 
for polyolefins and nylons; as well 
as various torpedo screws for 
cellulosics and styrenes. 

Most screws in general use 
should be made of heat-treated 
alloy steels with a tensile strength 
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of 100,000 p.s.i., or more, in order 
to stand the applied torque of 
normal operation and temporary 
overloaded conditions. The screw 
should have flame-hardened flight 
lands for long service and de- 
pendability. The application of 
hard facing materials is generally 
not recommended because of the 
tendency of these materials to 
crack and eventually break off, 
damaging the cylinder. 

With the exception of the very 
small screw sizes, it is advisable 
to buy a screw that is drilled full 
length for introduction of heating 
or cooling liquids, even though 
cooling is not required in initial 
operation. A furnished 
without hollow boring cannot be 
hollow bored at some future date 
without danger of drill run-out 
and possibly loss of the feed 
screw. Usually, it is the practice 
of the manufacturer to chrome- 
plate feed screws after polishing 
in order to give even greater life 
and efficiency to the feed screw. 
For general-purpose work, a 10 
to 15 micro-in. finish with a 
standard hard chrome-plate is 
sufficient; however, in 


screw 


certain 
cases where highly corrosive ma- 
terials are being handled it is 
noncorrosive 
materials such as Dura Nickel, 
Hasteloy C, or of the 
stainless steels either in the 300 
series or 400 series, depending on 


necessary to use 


several 


the nature of material being han- 
dled. The extruder manfacturer 
can often assist the customer in 
making a choice of materials to 
do the best job in the most eco- 
nomical fashion. In certain cases 
where corrosion is not a problem, 
nitralloy has been 
screw material. In this case, the 
whole surface of the screw is then 
nitrided and reaches a high de- 


used as a 


gree of hardness which gives im- 
proved wearing characteristics to 
the screw, yet leaves a tough 

withstand the 
sometimes 


ductile core to 


shock load encoun- 
tered in extruder operations. 
Another point to be considered 
is the provision of the manufac- 
turer for removal of the screw. 
Since it is often necessary to 
change screws during production 
periods, it is essential that this 
be accomplished with a minimum 
amount of time and effort. 


This change may be made easily 
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with the assistance of a screw 
ejector. An extruder’ should 
therefore be designed with provi- 
sions for the adaptation of an 


ejector. 


Cylinder 

The cylinder construction and 
alignment is also important to the 
proper functioning of an extruder. 

Consideration must be given 
to the support of the cylinder, 
providing for longitudinal expan- 
sion and dies that may be at- 
tached to the machine. In addi- 
tion to this, the cylinder must be 
capable of carrying the thrust and 
the torque applied through the 
plastics material from the screw 
without losing its alignment and 
straightness. The cylinder must 
also withstand extrusion pres- 
sures. It is common practice today 
in certain extrusion fields to run 
at pressures as high as 10,000 p.s.i. 
The cylinder must be designed 
to withstand such pressures in the 
event that they are developed 
during certain operations, even 
though the original intended ap- 
plication may not require pres- 
sures up to 10,000 p.s.i. It is pos- 
sible that with the new materials 
and screw designs being devel- 
oped today, even higher pressures 
will be commonplace within the 
next several years. 

In the early days, extruders 
were constructed with pressed-in 
liners consisting of either a hard- 
ened tool steel material or a 
hard chrome-plated bore. Later, 
a thin lining of Xaloy 306 or 
standard Xaloy was centrifugally 
cast into a seamless steel tube. 
Since these tubes were not de- 


signed to withstand these ex- 
treme operating pressures, it 
would expand and the lining, 


being made of a brittle material, 
would crack. Today, most plastics 
extruders are designed with a 
one-piece cylinder having a suffi- 
ciently heavy wall section to take 
the bending, torsion, and pressure 
loads which may be applied. 
Where liners are used, it is 
most desirable to use a good 
shrink fit on the liner so that the 
main cylinder jackets can share 
some of the applied internal pres- 
sures. As previously mentioned, 
it is important that the cylinder 
is maintained straight and true 
through its range of operating 


temperatures. This problem is 
often overlooked when consider- 
ing the methods of supporting the 
cylinder. A two point support is 
preferred for best alignment; 
these supports should be at rela- 
tively the same _ temperature 
throughout the range of operating 
temperatures of the machine. 
Therefore, it is necessary that the 
front support is properly designed 
to conduct as little heat from the 
cylinder as possible. It must also 
carry the weight of the dies which 
may be attached, plus the weight 
of the cylinder itself. This sup- 
port must also allow for longi- 
tudinal expansion so that the 
cylinder is not restricted during 
its change in length due to change 
in temperature. 

It is desirable to register the 
other end of the cylinder and 
hopper section to the transmission 
itself rather than to have a sepa- 
rate support to the base. The ex- 
truder transmission will maintain 
a rather constant temperature 
due to the cooling effect of the 
lubricant and the large amount 
of radiating surface. Since the 
cylinder is registered and secured 
to the transmission housing, it will 
naturally maintain alignment 
with the driving gears and drive 
sleeve which is necessary for 
trouble-free operation. If the 
cylinder is supported by a sepa- 
rate member at the transmission 
end it is then necessary to install 
some flexible connection between 
feed screw and _ transmission 
that will allow for the variation 
in alignment due to differences in 
temperatures of the various sup- 
ports. 


Feedbox or hopper designs 


The design of the feed hopper 
or throat of the extruder is a 
highly controversial subject. Most 
extruder manufacturers prefer 
the cylindrical center type hop- 
per, due to its ease of manufac- 
ture and its high performance 
characteristics with most plastics 
materials. some 
cases, side feed hoppers or rec- 
tangular hoppers are used to good 
advantage. This, again, depends 
primarily upon the application 
and the nature of the material 
being fed. It is desirable, when- 
ever possible, to have the hopper 
as a separate section of the cylin- 


However, in 
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der and to jacket it for water 
cooling to prevent sticking of the 
thermoplastic material along its 
side—a factor that would eventu- 
ally cause a stoppage in the feed. 
This jacketing also serves to in- 
sulate the transmission from heat 
conducted from the cylinder. Ob- 
viously, this heat is not desirable, 
due to its adverse effect on the 
lubricants used in the transmis- 
sion, 


Heating methods 


Throughout the history of 
thermoplastic extrusion there has 
been an endeavor to provide uni- 
form heat to the walls of the 
extruder cylinder in order to ob- 
tain uniformity of plastics melt. 
Today, there are various methods 
being employed to heat the ex- 
truder: electric resistance heat- 
ing; electric induction heating; 
vapor heating, such as Dowtherm, 
Arochlor, and others; steam heat- 
ing; and oil heating. By far the 
most popular method of heating 
today is the electric resistance 
heating. We did not previously 
mention the stresses which may 
be set up in an extruder cylinder 
due to nonuniform heating which 
will cause misalignment of the 
cylinder. It is obvious that if the 
cylinder is heated in one area 
to a much higher temperature 
than in an opposite area, a differ- 
ence in expansion occurs, result- 
ing in a bowing and subsequent 
misalignment of the cylinder. 

Therefore, it is necessary that 
the cylinder walls have intimate 
contact with the heater surfaces. 
This is almost impossible to ob- 
tain where ordinary band heaters 
are used. Today, the problem has 
been overcome by the application 
of cast-in type heaters. These 
consist of tubular resistance heat- 
ing elements cast into an alumi- 
num shell that is machined and 
fitted to the machined extruder 
cylinder. 

There are various designs of 
cast-in type heaters that can be 
used. Many of them incorporate 
grooves or fins to assist in cooling 
by means of air supplied through 
ducts and blowers. The heaters 
are usually secured to the cylin- 
der by means of stainless steel 
bands with a lower coefficient of 
expansion than the 
This means that 


aluminum. 
an additional 


EQUIPMENT FOR EXTRUSION 


hoop stress will be applied to the 
heaters as the temperature in- 
creases, assuring a good intimate 
contact with the extruder cylin- 
der at all times during extruder 
operation. This type of heating 
system for an extruder has prac- 
tically eliminated the use of oil- 
heated However, in 
some special cases due to hazard- 
ous locations, etc., other heating 
methods are still employed with 
good results. 

The heating system is depend- 
ent upon adequate temperature 
controllers. These are available 
from a number of sources. 


machines. 


Thrust bearings 

Thrust bearings are one of the 
most vulnerable of all the com- 
ponent parts of an extruder and 
should receive special attention 
when considering extruder appli- 
cations. It is important that the 
thrust bearing be designed to 
withstand the pressures at which 
the extruder is intended to be 
operated and in most cases the 
machine should be of a balanced 
design so that the thrust bearings 
and other component parts are of 
relatively equal capacity. For 
example, if it is expected that 
a machine will be run at 10,000 
p.s.i., then it is necessary that the 
thrust bearing be selected to fit 
into these requirements and a 
factor of speed, required life, type 
of lubrication, and the type of 
duty—whether it be continuous 
or intermittent operation—should 
all be taken into account. If these 
factors are not considered, a short 
bearing life will undoubtedly re- 
sult. 





Transmissions 

Since an extruder usually is 
operated at lower speeds than 
conventional motor speeds, it is 
necessary to have some type of 
speed reduction between the ex- 
truder screw and the drive. There 
are various methods employed, 
such as belts, chain drive, worm 
gears, spur gears, and herring- 
bone or helical gears. Any of the 
above mentioned systems may be 
employed, provided they are 
properly engineered; however, it 
is usually most desirable to have 
an enclosed-type double reduc- 
tion gear transmission—either 
herringbone or helical—in order 


to obtain a good serviceable speed 
reduction unit. These units are 
usually automatically lubricated 
and require less attention from 
the extruder operator than any of 
the other above-mentioned types. 
This, of course, is desirable when 
extruders are operated on a con- 
tinuous basis and 
schedules are to be met. The gear 
unit should be designed with a 
service factor of 1.25 for contin- 
uous duty operation, it should be 


production 


equipped with adequate means of 
lubrication, and it should be of 
a design that can easily be serv- 
iced. Good quality gears, selected 
on a 1.25 service factor basis, 
should provide a full service life 
of from 5 to 10 years, depending 
on the maintenance of the unit. 


Drives 

A variety of drives have been 
used on applications. 
These include steam turbine, me- 
chanical speed adjustors, hydrau- 


extruder 


lic coupling, electrical eddy cur- 
rent couplings, d.c. motor drives, 
and _ a.c.-d.c. conversion units, 
package drives, or constant speed 
belts connected to ma- 
chines that can be run at a con- 
stant speed on a single applica- 
tion. Probably the most popular 
extruder variable 
speed, electrically-controlled 
drive consisting of a d.c. 
and a motor-generator set or an 
a.c. constant speed motor with a 
variable-speed magnetic coupling. 
These, of course, are desirable 
from a standpoint of good speed 


motor 


drive is a 


motor 


regulation and ease of speed reg- 
ulation from the control cabinet. 
It is also possible to correlate this 
type of drive with other auxiliary 
drives in the extrusion line to 
make a coordinated drive system 


where necessary. 


Other features 


Not to be overlooked in the 
selection of an extruder are 
such points as the covers, which 
durable,  well-in- 


and easily removed, the 


should be 
sulated, 
ease of access to all parts which 
may require maintenance; and 
the ease of maintenance of the 
components. The extruder base, 
also, should not be overlooked, 
since it is one of the important 
parts in maintaining good align- 
ment of the machine. It should 
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be of rugged construction to allow 
the machine to be transported and 
set up with conventional handling 
equipment and it should be so 
designed that it will not require 
an additional special foundation, 
except in the case of large ma- 
chines where it may be more eco- 
nomical to provide a concrete 
foundation. Control cabinets for 
electrically heated machines are 
equally important and should be 
large enough to accommodate all 
the necessary instruments re- 
quired to control the extruder. 


In many cases the cabinet should 
also be large enough to incorpo- 
rate die temperature controllers 
as well. This makes for a neat 
installation and, in the long run, 
a more economical one. 

In addition to this, the control 
cabinet should be large enough 
to provide for some future instal- 
lation of controls that may be re- 
quired after installation. Careful 
consideration of the control cabi- 
net may result in many hours 
saved in maintenance during the 
life of the extruder. 
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BY D. G. HIGGINS* 


For the purpose of classifying the 
various coating processes, the art 
of coating may be defined as the 
controlled application of a mobile, 
film-forming material to a web or 
sheet. Thus, coatings may be ap- 
plied at a plastic calender, at an 
extrusion unit, or by use of a 
paint brush. A_ resolution of 
methods can be made by dividing 
the equipment into the type which 
premeters the coating prior to 
application to the web, and the 
type which applies an excess of 
coating and then removes a por- 
tion. 

The premetered coating proc- 
esses may be separated as fol- 
lows: a) calender coating; b) 
coating: c)  kiss-roll 
coating; d) reverse-roll coating; 
e) spray coating; f) engraved- 
roll or gravure coating; and g) 
cast coating. 


extrusion 


* Sales megr., Jol ldro orp., Subs., 
Midland-Ross Corp., P 0 791, New 
Brunswick, N. J 
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Squeeze roll coating technique 





The postmetered coatings may 
be classified as follows: a) knife 
scraper, either floating, on roll, 
on blanket, or opposed knives; b) 
squeeze- or pressure-roll meter- 
ing; and, c) air-blade metering. 

Following any of the coating 
processes, there are auxiliary sur- 
face treatments to improve the 
uniformity of the coated finish 
and to remove coating irregulari- 
ties. These may be noted as fol- 
lows: a) flexible trowel or 
smoothing blade; b) brushes, 
either rotating or oscillating; and 
c) spinning smoothing rolls. 


Premetered coatings 


Calender coating: In this proc- 
ess, the web to be coated may be 
passed through the bottom nip of 
the calender-roll stack to receive 
the plastic coating either with or 
without final coating metering at 
this nip. The alternate process of 
calender coating is actually a 
post-calender type of lamination 
handled at auxiliary pressure 
rolls. 

Extrusion coating: Melted ther- 
moplastic resin is extruded 
through a slit die into the nip of a 
pair of cooling and laminating 
rolls with a web of paper, foil, or 
plastic, etc. The width of die 
opening, and the speed of the 
laminating nip, control the thick- 
ness of coating 

Kiss-roll coating: This roll ar- 
rangement carries a metered film 
of coating to the web; at the line 
of web contact it is split with part 
remaining on the roll, the remain- 
der adhering to the web. 

Reverse-roll coating: This is the 


most versatile of all coating units. 
The coating is premetered be- 
tween rolls and then wiped off on 
the web. The amount of coating 
is controlled by the metering gap 
and also by the speed of rotation 
with which the coating roll will 
revolve. 

Spray coating: Spray coatings 
on continuous webs are usually 
applied by a set of reciprocating 
spray nozzles travelling laterally 
across the web as it moves. An 
alternate spray pattern on the 
moving web is sometimes accom- 
plished by moving the spray noz- 
zles in a circular path directly 
above the web of material as it 
travels along. 

Engraved-roll or gravure coat- 
ing: In this process, the amount 
of coating applied to the web is 
metered by the depth of the over- 





Kiss-roll coating (top); re- 
verse-roll coater (below) 
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all engraved pattern in a print 
roll. This process is frequently 
modified by interposing a resilient 
roll between the engraved roll 
and the web. This is an offset roll 
and tends to obliterate any en- 
graving pattern in the coated sur- 
face. 

Cast coating: This is the new- 
est and most promising coating 
process. The preferred design of a 
cast coating line uses an endless 
stainless steel belt on which is 
deposited a metered amount of a 
coating such as plastisol or organ- 
osol. Application of the coating is 
preferably made by a reverse roll 
unit to insure uniformity and 
freedom from coating scratches. 
The web to be coated is applied 
lightly to the coated metal belt, 
which then travels through the 
fusing oven. After cooling, the 
web plus coating is stripped from 
the belt. The fusing may be ac- 
complished by heating the under- 
side of the belt so the web above 
is not overheated or scorched. 
This process permits any web to 
be used, no matter how open in 
construction or how “stretchy.” A 
continuous flat coating can be ob- 
tained in thicknesses of only 2 or 
3 mils. 


Postmetered coatings 

Knife scraper: The excess coat- 
ing may be removed from a web 
by moving it under a coating 
“knife” of suitable edge contour. 
The tension of the web against 
the knife may be maintained by 
pull on the web, or it may be sup- 
ported by an endless rubber 
blanket or roll to minimize the 
tension. Alternately, the web 
may be supported against the 
knife by an opposing knife edge 
for two-side coating. 

Squeeze- or pressure-roll me- 
tering: Squeeze- or pressure-roll 
metering of the coating is accom- 
plished by passing the web plus 
coating between opposed rolls. 
The rolls may be precision sized 
and fixed at a measured gap. Al- 
ternately, one or both of the rolls 
may be of resilient construction 
and operated by pressure against 
the web. 

Air-blade metering: Air-blade 
metering of the coating on a web 
is the simple expedient of blow- 
ing off the excess as the web 
travels under a flat jet of air; 
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Knife-over-roll coating (above) uses knife to scrape off excess plastic 


PLASTIC FILM ar 4 WEB 


{ RUBBER ROLL 


U or 


HEATED ROLL 


Stretch lamination (above) and four roll calender lamination (below) 


FOUR ROLL HOT PLASTIC CALENDER 
/ CONTROLLED TEMPERATURE ROLL 


BACKING WEB 





CONTROLLED TEMPATURE — 


COOLING ROLLS 
LAMINATING ROLLS 


951 








control of the metering effect is 
accomplished by regulating the 
air pressure, angle of impinge- 
ment, and distance of the nozzle 
from the web surface. 


Surface treatment 


To improve the surface of a 
coated web before it enters the 
drying zone or oven, there are 
three principal treatments: 

1) By moving the web under a 
flexible blade of steel, rubber, 
etc., the coating can be smoothed 
and, in the case of textiles, an im- 
proved bridging effect may be 
obtained. 

2) The use of reciprocating 
brushes to improve the uniform- 
ity of coating coverage is a fre- 
quent procedure in the applica- 
tion of water-system coatings on 
board and on paper webs. 

3) Spinning smoothing rolls 
operating against the web travel 
are useful to smooth relatively 
low-viscosity coatings. 

In the ever-changing field of 
plastics applications, it is not 
possible to review all the innova- 
tions and combinations of coating 
techniques that are employed. 
The technology of handling non- 
woven webs, for example, has 
provided suction metering of im- 
pregnated coatings. The process- 
ing of nylon tire-cord reinforce- 
ment has provided a beater-bar 
control of the amount of coating 
on a web. The handling of syn- 
thetic mica sheets has provided a 
premetered drip-coating applica- 
tion. Materials applied or coated 
on webs by static attraction pro- 
vide another interesting chapter 
in this story. Some of the newer 
techniques evolved to handle hot- 
melt coatings in liquid and in 
powder form are pointing to new 
horizons in coating. The simple 
expedient of stretch-lamination 
(an extension of extrusion- lam- 
ination) is opening new product 
possibilities for plastics as a coat- 
ing material. 

For the purpose of considera- 
tion as a coating auxiliary, the 
various drying, baking, and fus- 
ing oven designs have been im- 
proved in efficiency and accuracy 
of control. New radiant-energy 
sources with greatly improved 
efficiency are now available. 
Catalytic incinerators are 
available 


fume 


as oven auxiliaries to 
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Laminating extruded plastic film to a web of plastic, paper, or foil, ete. 


eliminate all objectionable ex- 
haust of noxious vapors which 
are a source of irritation. 
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BY KENDRICK J. GOOCH* 


The degree of quality and econ- 
omy obtained in calendering 
plastics film and sheeting depends 
largely on the amount of careful 
planning entering into the design 
of the complete calender train. 
Material should flow from resin 
storage through the processing 
operations to packaged rolls of 
finished goods with a minimum of 
human effort. The size of related 
train components, e.g., mixers and 
mills, conveyors, calendering rolls, 
etc., should be in proportion both 
to production requirements and 
to each other, so as to be used 
at their maximum rate of output. 

Primarily, the process of cal- 
endering is used to form plastics 
material into a continuous sheet 
with controlled thickness and sur- 
* Assistant Div. Engineer, Mill and Calender 
Div., Farrel-Birmingham Co., Inc., Ansonia, 


Conn. 
References were prepared by the editors. 


face finish. This operation is per- 
formed between two or more 
pairs of rotating beams called 
rolls. Each roll pair constitutes a 
rotating die through which the 
material is either drawn or ex- 
truded, or both. 


Mixing the resin 


The initial step in the calen- 
dering operation is the mixing of 
the resin. Various types of inten- 
sive mixers and mills are avail- 
able that can be arranged to suit 
specific production requirements. 

The tower-type of preblending 
arrangement, for example, is one 
that requires a minimum of ma- 
terial handling. Resin is blown 
through piping, or elevated in 
bags to high storage bins. It drops 
from the bins onto shaking 
screens, flows by gravity through 
sifters and into traveling weigh 
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hoppers which feed the blenders, 
and from the blenders pours into 
weigh-hoppers located directly 
above a Banbury mixer hopper 
door. 

If both film and sheeting are 
to be produced with the same 
calender train, good results can 
be obtained by using a setup such 
as is shown in Fig. 1, above. In 
this arrangement, two 3A Ban- 
burys are installed with the hop- 
pers facing each other. One op- 
erator can thus control both units 
for producing thick-gage sheet- 
ing, and a single unit can be used 
at maximum capacity for the 
thin-gage films. 

For producing a wide range of 
finished gages, two mills should 
be used. One of these mills should 
be mounted directly under a 
Banbury. The second should be 
opposite the first, so that the ad- 
justing screws are on adjacent 
sides and one operator can con- 
trol both mills. Material is car- 
ried by strip-feed conveyor (a 
narrow, flat-belt, hugger-type 
unit) from the first mill to the 
second, and then to the calender 
feed bank. The calender can also 
be supplied directly from the first 
mill. 


Metal detection 

In setting up calendering equip- 
ment, it is important that pro- 
visions be made to keep metal- 
contaminated material from being 
fed into the calender where it 
would mark up the calender rolls. 

When using the strip-feed con- 
veyors described above, small- 
gap, sensitive metal detectors can 
easily be installed along these 
conveyors. Strip-feed conveyors 
can also be designed to cut out 
and automatically 


discard a 
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calendering setup used when both film and sheeting 


length of material containing a 
metal particle, with a minimum 
of lost feed to the calender. This 
is essential for high-speed cal- 
endering. 

A more positive means of metal 
elimination is obtained by using 
an extruder with a strainer-type 
head. This method is relatively 
expensive, since a large unit hav- 
ing an adjustable-speed drive, 
synchronized with the calender 
speed, is required. However, the 
strainer removes all solid parti- 
cles, not just metallic objects. 
This added protection more than 
offsets the higher initial cost 
when surface finish is important. 


Calendering rolls 


The latest trend in plastics 
calendering is toward calenders 
designed for higher roll tempera- 
tures, greater roll separating 
forces, and a wider range of avail- 
able friction ratios. 

Several types of roll arrange- 
ments are available for selection 
based on ease in threading, ac- 
cessibility of the rolls, and gen- 
eral convenience for a particular 
operation. The “Z” and the in- 
verted-“L” arrangements are 
standard in the industry. A recent 
development is the inclined “Z” 
which provides a clear and short 
path for material travel, permits 
easy accessibility for coating fab- 
rics, and enables the embosser or 
other attachment to be placed 
close to the pickoff roll. As shown 
in Fig. 1, above, this calender 
has the feature of crossed-axes 
on the No. 4 roll together with 
the advantage of taking the ma- 
terial from the No. 3 roll instead 
of the No. 4 roll. 

Few plastics calenders are de- 
signed to make only a single size 


are made with same calender train 


of sheeting from a single stock. 
Usually, the maximum flexibility 
is desired so that thin films and 
heavy sheeting can be produced 
to satisfy changing market re- 
quirements. This, in turn, means 
the rolls will be subjected to a 
wide range of separating forces. 
These bend the _ rolls, 
changing the shape of the aper- 
ture between them. If some com- 
pensation for this bending were 
not made, the sheet thickness 
would vary considerably over its 
width. To keep the sheet flat, two 
techniques of compensation are 
used. In one—roll-bending—an 
opposing bending moment is ap- 
plied to the rolls. In the other— 
roll-crossing—one roll axis is 


forces 


crossed slightly with respect to 
the other by causing it to pivot 
about its midpoint of length. Both 
roll-crossing and roll-bending de- 
vices are now available for in- 
stallation on existing calenders. 

Several calenders recently built 
are equipped with individual 
motor drive for each roll. This is 
accomplished either by connect- 
ing each roll directly to a gear- 
motor through a universal spin- 
dle, or by using a semi-uni-drive 
between the gear motors and the 
spindles. Both of these arrange- 
ments provide a wide range of 
roll friction ratios, which are ad- 
vantageous for the newer types 
of plastics compounds. Since 
these compounds require high 
power at slow speeds, calenders 
should be driven by motors hav- 
ling a low base speed. These mo- 
tors have been designed for cal- 
endering rates up to 100 yd. 
minute. 

Material coming from the cal- 
ender should have a reverse wrap 
around carrier 


closely spaced 
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rolls to prevent pull-down in 
width. Free-turning rolls with 
spindles driven to eliminate fric- 
tion are required near the cal- 
ender. 

The recent trend in_ post- 
toward 
turret-type units in 
order to provide a quick change 
of pattern. The type of embosser 
required depends on the emboss- 
ing pressure and whether or not 
the rubber roll, as well as the 
embossing roll, must be fre- 
quently changed. High-pressure 
embossing at top calender speeds 


calender embossers is 


double or 


requires a heavy-duty driving 
motor. 

Cooling rolls are usually driven 
in groups of three for best speed 
control. The number required de- 
pends on the heat to be re- 
moved, and this is proportional 
to the sheet thickness and pro- 
duction rate. Slow-speed film 
calenders may have only three 
cooling rolls, whereas high-speed 
sheeting calenders will have nine 
or more. 

Many calenders now have two- 
speed, motorized roll adjustment 
with the low speed designed for 
use with automatic gaging. Beta- 
ray gaging equipment has now 
been designed to control not only 
the longitudinal and edge gage, 
but also the entire profile. In 


automatic profile control, the 
beta-ray gage governs the roll- 
crossing or roll-bending equip- 
ment. 

The type of winder is usually 
determined by the gage of ma- 
terial of primary interest. Film 
tensions are readily controlled on 
a surface-type winder. Large rolls 
of sheeting may be better handled 
on a two-arm center winder. For 
both types, the material should 
be cut off and started on the new 
roll as automatically as possible. 
Winders for coated fabric must 
have special cutters in order to 
cut through both plastics and 
fabric without reducing the cal- 
ender speed. 

Drilled rolls and circulating li- 
quid temperature control are an 
accepted part of almost all plas- 
tics calender installations. Now, 
mills, and in some instances Ban- 
bury mixers, are also commenc- 
ing to be controlled in tempera- 
ture by similar systems. 
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BY M. S. ABRAHAM* 


Standard heat-sealing machines 
consist basically of two parts, a 
high frequency generator and 
sealing press. The generator is 
almost like a radio transmitter. It 
converts the standard 60 cycle 
current into high frequency. 
The generators are manufac- 
tured in various sizes, starting 


wn. Mer., ¢ nos Electronic 


‘ Machine Corp., 
» Broadway, New York 12, N. Y 


with a power output of 4% kw. up 
to 100 kw. The most common 
sizes in use are 3, 5, 8, and 10 kw. 
The size of the generator is deter- 
mined by two factors: the sealing 
area and thickness of material. 
Table I, below, shows the neces- 
sary power for various seals, tak- 
ing into consideration different 
thicknesses of materials. 

The actual working part on a 





TABLE |: Sealing power for 1/16 in. wide seal 





Generator 2 layers of vinyl 


0.004 in. thick 


output 


kw. 
3 


2 layers of vinyl 
0.010 in. thick 


2 layers of vinyl 
0.020 in. thick 


im. in. 

85 110 
135 160 
245 290 
250 330 





heat-sealing machine is the press. 
Presses are also made in different 
sizes, depending on individual re- 
quirements. The press has to be 
sturdily built with a wide ram and 
adjustable gibs. The part of the 
press where the die is to be 
mounted is called a platen and has 
to be absolutely level with the 
working bed. It is sometimes nec- 
essary to readjust this level. A 
good press should be so con- 
structed that it has level adjust- 
ments on the platen and on the 
working bed. Presses are operated 
by compressed air. This has 
proven to be the most practical 
and economical way, in compar- 
ison to hydraulic or motor driven 
presses. 


Accessory equipment 

Almost every heat-sealing ma- 
chine manufactured today is 
equipped with an arc eliminator. 
The arc eliminator prevents dam- 
age to the die in case arcing oc- 
curs. This arcing is sometimes 
unavoidable due to air space be- 
tween the die and the plastics 
(press not level) or to foreign 
particles which sometimes settle 
on the plastic material. 

Another important factor is 
safety. The heat sealer should 
have a safety device which makes 
it impossible for the operator to 
get his hand between the elec- 
trodes during operation. 

Some heat-sealing machines are 
equipped with a radiant heater! 
which is located between the 
platen and the heat-sealing die. 
By heating the die to a certain 
temperature, additional sealing 
power can be created in many in- 
sances and ares and sparks may 
be minimized. The radiant heater 
is a necessity for making ap- 
pliqués. 

The heat-sealing dies or elec- 
trodes are shaped to the exact 
form of the item to be sealed. 
These dies are made of brass 
rules. In common use are the 
tear-seal dies, which consist of a 
sealing and cutting edge. This 
cutting edge precuts, in the same 
heat-sealing operation, the fin- 
ished seal. The overflow is torn off 
very easily and creates a finished 
edge. In many cases, the sealing 
edge of the die is engraved in 
various designs which reproduces 
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the same pattern on the edge of 
the plastic item. 

There are many firms that spe- 
cialize in the manufacturing of 
heat-sealing dies. Recently, a kit 
appeared on the market contain- 
ing all necessary tools for the 
making of heat-sealing dies. 


Operating techniques 

Basically, all virgin vinyl film, 
no matter how thick, can be heat- 
sealed. In recent years, plastics 
films have appeared on the mar- 
ket incorporating a percentage of 
reprocessed vinyl. Some of these 
films can be sealed with excellent 
results while with others some 
difficulties arise. For this reason, 
it is advisable to make sealing 
tests before going into production 
of any material made of reproc- 
essed vinyl. 

The actual operation of a heat- 
sealing machine is very simple. 
A loading tray which should ex- 
actly match the outline of a seal- 
ing die is mounted on the work- 
ing bed of the press. The plastic 
to be sealed is placed into the 
loading tray. The operator pushes 
two buttons simultaneously which 
brings the sealing cycle automati- 
cally into motion as follows: 

The ram with the attached die 
comes down, the power goes on, 
the power stays on for the neces- 
sary sealing time, the power goes 
off, the press goes up. This cycle 
usually takes between 2 to 4 sec- 
onds. 

The loading usually takes much 
more time than the sealing opera- 
tion. For this reason, it is advis- 
able to work with removable 
trays. Two or three trays, in some 
cases even more, are preloaded 
and handed to the sealing ma- 
chine operator. The advantage of 
this procedure is that the sealing 
machine is not idle during the 
loading time. 

Other methods to speed up pro- 
duction are the turntable and 
roller-feed machines. The turn- 
table is an attachment to the press 
which consists of a disk driven by 
a turntable movement. Loading 
trays are mounted on this turn- 
table. 

The amount of trays depends 
upon the size of the items to be 
heat-sealed and the size of the 
turntable. For example, on a 60- 
in. dia. turntable, either four trays 
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for ringbinders 8% by 11 in. or 12 
smaller trays for wallets can be 
mounted. 

The turntable sealer works as 
follows. First, the trays are loaded. 
Then, each tray moves automati- 
cally underneath the die. After 
the seal is completed, the next 
tray (or station) moves into the 
sealing position. 

A turntable should be adjust- 
able from 2 to 24 stations. The 
use of the turntable can mean 
tremendous savings for large pro- 
duction runs. For small runs, the 
cost for additional trays may 
sometimes be prohibitive. For this 
reason, the machine should be so 
constructed that the turntable can 
easily be detached from the press 
and the heat-sealer can be used 
as a standard machine. 

The roller-feed machine can 
usually give the fastest produc- 





tion rates possible. This machine 
can only be used economically for 
simple items where two or three 
layers of vinyl are to be sealed, 
e.g., belts. 

Two or three rolls of plastics 
material cut to the exact width 
are mounted on the side of the 
heat-sealer and are pulled be- 
tween guides by rubber rolls 
across the bed of the press. This 
movement stops and starts auto- 
matically for each seal. 

A recent development in the 
heat-sealing field is the making of 
different colored edges of three- 
dimensional appliqués in multiple 
colors. For this operation the 
above mentioned radiant heater is 
necessary. The press has to be 
precisely built, 100% level, and 
must contain a _ precise, split- 
second timer. 


Patent of Cosmos Electronic Machine Co 


ELECTRONIC SEALING DIES 





BY EVERETT and HAROLD PETERSON 


The electronic sealing die (see 
Fig. 1, below) is responsible for 
three factors in sealing: 

1) It directs the R.F. to the 
area or point desired so as to melt 
the plastic as quickly as possible. 

2) It exerts the pressure neces- 
sary to effect the specific type of 
seal desired. 

3) It removes the excess heat 
generated within the plastic dur- 
ing the R.F. cycle. 

* Designer and Engineer, A. W. Peterson & 


Sons Die Co., Inc., 131 Prince St., New York 
ia. Paces 


The die must be designed to do 
all three efficiently. Failure in 
any one of these three functions 
results in inferior seal and prod- 
uct. 

Electronic heat sealing, in con- 
trast to contact heat sealing, can 
weld two pieces of plastic to- 
gether without seriously breaking 
down the surface of plastic. It is 
possible to effect a bond between 
two layers of 20-mil thick vinyl 
without completely removing the 
surface texture of the plastic di- 


Fig. 1: Diagrammatic drawing of typical electronic sealing die, 
mounted in a sealing press. Plastic buffer tray is located directly 
above the bed of the sealing press 
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Fig. 2: Edges on electrode 
die faces are _ slightly 
rounded to reduce danger 
of any local overheating 
taking place 


rectly in contact with the die. It 
is obvious that to do this the seal- 
ing cycle must be fast if the heat 
generated within the layers of 
plastic is not to be transmitted to 
the surface. The fast cycle is re- 
sponsible for the strength of the 
finished seal. 

A fast cycle requires not only 
a large enough generator, but also 
that the spacings between the 
electrode face be absolutely uni- 
form. The reason for this is that 
at the high voltages required for 


fast heating, any variation in 
these intervals can result in arc- 
ing, with resultant destruction of 
the work and dies, or, if the are 
is suppressed, with interruption 
of the power. Also, if the die is 
not in good contact with the work 
along its entire length, poor heat- 
ing and weakness of weld will 
occur at the areas of poor contact. 
Parallelism is usually accom- 
plished by making the die faces 
parallel to the back of the die 
plate, and making this plate par- 
allel to the bed, and carefully 
controlling all thicknesses be- 
tween the two. 

The electrodes must be finished 
in such a manner as to prevent 
concentration of R.F. at points 
along the electrode. Even slight 
isolated projections can cause 
arcing. 

Careful adjustment and main- 
tenance of the spacing between 
the die and bed surface also guar- 
antee the proper sealing pressure 
for good seals and short cycles. 

Another very important char- 
acteristic of electronic sealing die 


is the finish and actual contour 
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of the face of the electrodes. Very 
sharp edges at the die faces en- 
courage local overheating that 
weakens the sheet, so edges are 
usually slightly rounded, as in the 
electrode of Fig. 2, left. Note 
that not only is there a radius at 
the inside edge of the sealing face 
of the electrode to prevent me- 
chanical stress and heat concen- 
tration, but that the knife-edge 
of the tear face has been well 
broken so as to prevent possible 
arcing. There are hundreds of 
variations of this basic profile but 
all are edge-rounded. 

Sometimes the die must be 
made in such a way that the R.F. 
power has to be reduced to avoid 
arcing. This means that the cycle 
must be lengthened, and more 
heat is conducted to the die caus- 
ing it to become so hot that the 
process becomes something inter- 
mediate contact and 
electronic sealing. Some die faces 
designed to accomplish embossing 
effects may be difficult to rid of 
burrs, and these burrs will force 
a cutback in power. The electrode 
should be finished meticulously. 

The last function of the die is 
to remove the excess heat gener- 
ated within the plastic. This is 
naturally transferred to the elec- 
trode because it is in intimate 
contact with the plastic during the 
sealing cycle. The ideal material 
to use for the electrode would, of 
course, be aluminum. The metal 
is particularly used in many cases 
where the heat transfer problem 
is critical and embossing faces 
are not too 


between 


intricate. Because 
aluminum is hard to repair in 
event of damage, however, bronze 
has become the most commonly 
used material for electrodes. 
Bronze will not break down as 
readily as aluminum in the event 
that an arc is experienced in nor- 
mal production. 

Aluminum can and should be 


used for the die plate. This will, 
by conduction, carry off the heat 
built up in the bronze electrode. 
It is essential, of course, not only 
for mechanical rigidity but effi- 
cient conduction, that the base of 
the electrode be in complete con- 
tact with the face of the die plate. 

To further facilitate this heat 
dispersion, flutes and vents can be 
used in both electrode and die 
plate. 

If the operation is very critical 
or no distortion of top surface of 
vinyl sheeting can be allowed, the 
die can be water cooled. This will 
keep the electrode face cold at all 
times and the best possible seal 
that can be obtained will be the 
end result. 

Since two different metals, 
bronze and aluminum, are nor- 
mally used for die and die plate, 
differences in coefficient of ex- 
pansion can cause warping on 
heating. A successful technique 
has been found to be to mount the 
electrode to the die plate me- 
chanically rather than to braze or 
solder the two together. By al- 
lowing clearance in the horizontal 
screw hole in the electrode and 
the vertical hole of the mounting 
block, the electrode is free to 
“walk” on the face of the die 
block instead of warping. Many 
dies can give trouble after several 
hours of production just because 
this expansion warpage was 
overlooked by the manufacturer 
in his calculations. 

To sum up, the functions of the 
electronic heat sealing die, aside 
from determining the size and 
shape of the seal, are: 1) to di- 
rect the R.F. field by parallelism, 
flatness, and correct finish; 2) to 
exert uniform pressure by having 
the correct profile; and 3) to re- 
move excess heat by being made 
of conductive materials, through 
flutes and vents, and by water 
cooling. 
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BY ROBERT W. RUPPERT* 


Laminated plastics is a catch-all 
phrase that covers a number of 
different materials—ranging from 
thermoplastics (with 
decorative fillers in between) to 


laminates 


* Development Engineer, Fred S. Carver, Inc., 
§ Chatham Rd., Summit, N. J 


decorative countertops. Basically, 
however, they are said to consist 
of sheets or webs of paper, 
fabric, asbestos, fibrous glass, or 
similar materials which are first 
impregnated or coated with resin 
and then combined under heat 
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and pressure to form commercial 
materials. The sequence of opera- 
tions in producing a plastic lami- 
nate involves, first, impregnating 
the filler or reinforcing material 
with the resin. This may be by 
means of immersion in a varnish 
bath, or by applying a liquid-resin 
solution by rollers or sprays. In 
the immersion method, the web or 
filler is fed through a tank con- 
taining resin dissolved in a sol- 
vent to form a liquid varnish. The 
web is then drawn out through 
squeeze rolls or over a doctor 
blade to remove excess liquid. If 
rolls are used to apply the resin, 
they are arranged to pick up the 
resin from the bath and transfer it 
to the web. 

Drying after impregnation re- 
moves the solvent and partially 
polymerizes the resin. This leaves 
a fairly stiff sheet which is cut 
into convenient sizes for subse- 
quent lamination. The next stage 
is to lay up the dried, impregnated 
web into a succession of plies for 
sheets, tubes, rods, etc., and apply 
pressure and elevated tempera- 
ture to complete the polymeriza- 
tion and form the finished lami- 
nated piece. 


Thermoplastic laminating 
Another phase of plastic lami- 
nating (thermoplastic as opposed 
to thermoset) which has not been 
extensively described in the lit- 
erature is that of laminating plas- 
tic film or rigid sheet material for 
the purpose of preserving, pro- 
tecting, or 


documents, papers, photographs, 


repairing valuable 


and other similar items. In 
the process, a “sandwich” is 
made by placing the paper be- 
tween sheets of clear plastic, such 
as vinyl acetate, which are then 
laminated and bonded to the 
paper with heat and pressure to 
form an effective overlay. 


Web impregnating equipment 
The equipment required for 
high-pressure thermoset laminat- 
ing is composed primarily of ma- 
chinery for impregnating the web 
or filler, drying it, and then press- 
ing and heating the prepared 
laminates. Accessory equipment 
includes control, finishing, and 
machining equipment, etc. 
Without attempting to cover all 
methods and machines, a general 
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description of several impregnat- 
ing systems will be given. Certain 
sirupy resins may simply be 
poured over the reinforcing ma- 
terial on a mold. 

Resins of a heavier or more vis- 
cous nature are applied to the web 
by knife or doctor blade coaters. 
When the web or filler material is 
sufficiently strong to be pulled 
under slight tension, it can be run 
through troughs or dip tanks or 
through transfer rollers. 

In transfer-roll coating, the 
resin is lifted as a film on a re- 
volving roll and transferred to the 
web. Varying the relative speeds 
between the roll and web controls 
the amount of resin applied. 

Bar-over-bar coating is some- 
times used with more viscous res- 
ins on a web of high tensile 
strength. The web is led over a 
stationary bar and under another 
stationary bar directly above the 
first one. The upper bar squeezes 
the resin into the web fairly 
evenly. The gap between the bars 
is adjustable for control purposes. 

Impregnating by immersion is 
another common method with 
more fluid resins; the web runs 
under an immersion roll in a tank 
of resin varnish and carries a 
heavy film of it to the nip between 
two other rollers where excess is 
returned to the immersion tank. 
Pressure at the nip may be con- 
trolled by screws or levers forcing 
the rolls together, although most 
fillers or webs do not need extra 
pressure to cause penetration of 
the resin solution. 

Spraying presents another 
method of applying liquid resin 
solutions. It is possible to closely 
control web resin content with 
this method. Also, spraying allows 
impregnating of webs which have 
resin-soluble binders. These could 
not be handled by the dip or roll 
methods, since softening of the 
binder would weaken the web. A 
simple 1l-in. dia. pipe manifold 
with ‘4e6-in. holes or nozzles 
spaced about % in. apart has 
served well as a spray or drip im- 
pregnator. Several manifolds with 
staggered spray nozzles assure 
uniform coverage of the web. 
Pumps used to supply the liquid 
resin to these manifolds are usu- 
ally positive-displacement types 
of sufficient capacity to cover the 
web widths encountered. The 





webs are moved horizontally be- 
neath the stationary sprays and 
may be carried by belt or screen 
conveyors. 

Other equipment sometimes 
used for impregnating webs in- 
clude: vacuum or pressure sys- 
tems (when the filler is very com- 
pact and resists penetration) ; 
dusting systems which apply 
powdered resin over the web; and 
brushes for scrubbing the liquid 
resin into the filler. 


Drying equipment 

Evaporating the resin solvent 
and partly curing the resin after 
its impregnation is accomplished 
in drying ovens. Vertical and 
horizontal ovens are employed 
with steam, electric, or gas heat- 
ing. Forced-air circulation is com- 
monly used for faster, more 
uniform heating of the web. Tem- 
peratures are adjusted so that the 
resin is only partly polymerized 
and the web leaves the oven in a 
condition permitting it to be cut 
and stacked or rolled without 
sticking together. Ovens may 
often be equipped with solvent 
recovery systems which take the 
hot vapor, and cool and condense 
it to a liquid for re-use. 

A phenolic impregnating resin 
is said to be in the A-Stage before 
drying. After drying and partial 
polymerization, it is in the B- 
Stage. When finally stacked in 
plies for sheets, rods, or other 
forms, and exposed to pressure 
and elevated temperature in a 
press or mold for complete curing, 
it is transformed to the C-Stage. 


Pressure-applying equipment 
The final polymerization is usu- 
ally carried out in a press where 
the laminate is formed to some 
desired shape or is simply press 
polished. Forming operations usu- 
ally call for slow-moving machin- 
ery capable of applying pressure 
gradually and holding at the de- 
sired maximum pressure until 
complete curing has taken place 
It would be impossible to describe 
all the numerous presses available 
for laminating work since almost 
any device which will apply pres- 
sure could conceivably be used, 
and practically all conventional 
types of presses have been used 
in laminating sheet plastics 
Manually-operated screw and 
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hydraulic presses are used exten- 
sively for laboratory and smaller- 
scale laminating of thermoplastic 
sheets, such as in document pres- 
ervation work, etc. Platens in 
these presses are usually square 
or rectangular with heating and 
cooling means incorporated there- 
in, together with automatic tem- 
perature controlling apparatus. 


Large presses 

For large-size work, it is neces- 
sary to use hydraulic presses of 
greater capacity—capable of ex- 
erting forces of hundreds of tons 
or more. These presses generally 
contain many platens so that nu- 
merous laminates may be stacked 
at one time. The laminates are not 
placed directly between platens 
but rather are held between 
highly polished plates which in 
turn are placed between the pla- 
tens. Polished plates produce a 
smooth, glass-like surface on the 
finished product. Of course, these 
plates may also have other fin- 
ishes such as _ sand-blasted, 
etched, etc. 

The larger presses are most 
often automatic or semi-autom- 
atic and have self-contained hy- 
draulic pumping systems to pro- 
vide both high- and low-pressure 
operation. Frequently, accumu- 
lator-type hydraulic systems are 
used. 

Many large, multiple-platen 
presses for laminating and polish- 
ing plastic sheets are provided 
with a loading and unloading ele- 
vator which facilitates handling 
large sheets. The elevator may be 
hydraulically operated from the 
press pumping unit or powered 
separately by other means. 

The use of vacuum is commonly 
encountered in low-pressure lam- 
inating where atmospheric pres- 
sure is sufficient and the parts 
being formed are large and of 
irregular shape. In this method, 
air is withdrawn from the space 
between a solid mold and a flex- 
ible membrane with the laminate 


in between. Atmospheric pressure 
forces the membrane and the lam- 
inate against the mold. Equipment 
required usually consists of con- 
ventional vacuum pumps of the 


radial or vane type connected 
through a large tank to prevent 
fluctuations in vacuum supply. As 
a general rule-of-thumb, mini- 


mum tank capacity should be 
approximately 1% times the vol- 
ume of the largest forming cham- 
ber used. 

Vacuum gages are mandatory 
for determining and controlling 
the force exerted on the laminate. 
Also required are good connec- 
tions between the vacuum tank 
and the mold. Flexible tubing al- 
lows more freedom of movement 
and is a convenient method of 
making these connections. Control 
valves are needed in the line from 
the vacuum tank to the mold for 
controlling the applied vacuum 
and for releasing it by admission 
of air. 

Fluid pressures above atmos- 
pheric are also used in forming 
laminates, One part of the mold is 
rigid, the other is a flexible mem- 
brane. Steam, air, inert gases, 
water, oil, or combinations of 
these are used under pressure 
against the diaphragm. For gases, 
two-stage compressors having 
auxiliary receiving tanks of suffi- 
cient volume are used, the receiv- 
ing tank again acting to reduce 
pulsations of pressure. For liquids, 
positive displacement pumps are 
usually recommended. Again, 
pressure gages, control valves, etc. 
are required for proper regula- 
tion. The forming chamber is de- 
signed to withstand the higher 
stresses induced and is heavier 
than that used in vacuum work. 

Autoclaves are used frequently 
in laminating plastics. In this 
method the mold and flexible 
membrane are placed inside the 
pressure chamber and pressure is 
applied to both at the elevated 
temperatures within the chamber. 


Heating equipment 

To form the desired shape and 
complete the curing, the laminate 
must be heated. Heating methods 
vary according to the type of 
plastics being treated and the type 
of forming equipment used. 

Hot press platens are very 
commonly used for heating sheet 
laminates. Platens are usually 
cored or channelled for steam or 
hot water circulation which allows 
fast heating with good control. 
Often the platens are made of 
aluminum for better heat transfer. 
Temperatures usually range from 
270 to 350° F. Small high-pressure 
boilers can handle the average 


press, providing uniform con- 
trolled heat, usually within 5° F. 
of set temperatures. Boiler capac- 
ities naturally depend on the size 
and number of platens or molds to 
be heated. One approximation is 
2 hp. per press, but this may be 
high on small presses. 

Where there is a quick change 
to be made from heating to cool- 
ing the same platens, as in lami- 
nating cold-set plastics such as 
cellulose acetate, vinyl, etc. a 
multiple steam-water valve is 
used to cut steam supply and ad- 
mit cooling water to the platen or 
mold. The design is such that a 
quick change can be made by op- 
erating a single handle. On reset- 
ting to heat, the steam purges any 
remaining cooling water and 
quickly begins reheating the 
platen. 

Hot-water and oil heating sys- 
tems are also used. 

Electric cartridge, strip, and 
open coil heaters of various types 
are used to heat platens and 
molds. Heater elements are cast 
right in the platens or are inserted 
into holes carefully machined to 
assure good contact and heat 
transfer. Various wattages are 
available and it is common to use 
higher platen temperatures to 
compensate for the temperature 
drop when work is placed be- 
tween platens. 

Electric strip heaters are useful 
on irregularly shaped molds, etc., 
and are obtainable in varied 
widths up to about 6 inches. Op- 
erating temperatures from 750 to 
1500° F. and higher are common. 
Rheostat or thermoswitch controls 
may be used to adjust and main- 
tain desired temperatures in a 
similar fashion as with cartridge 
heaters. 

Open-coil heaters are some- 
times used to soften thermoplas- 
tics for forming and there is at 
least one new plastics laminating 
machine on the market which 
uses open-coil heater radiation 
directed to a platen of low ther- 
mal mass and high radiation ab- 
sorption. Platen temperatures of 
300 to 400° F. are reached in a 
matter of seconds. Suitable insu- 
lation and radiation protection for 
parts not to be heated must be 
provided with this method. 

Dielectric heating is sometimes 
employed on plastics that can ab- 
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sorb energy from a rapidly alter- 
nating electromagnetic field. This 
method offers extremely fast, uni- 
form heating since heat transfer 
does not depend on conduction. 
Heat is developed within the 
dielectric (plastic) by molecular 
action. Initial cost of such equip- 
ment is relatively high, but for 
certain production applications its 
speed, cleanliness, and conven- 
ience make it highly desirable. 

Infra-red heaters or lamps sim- 
ilar to those used in paint baking 
and drying ovens can be used to 
heat plastics sheets prior to and 
during laminating. 


Cooling equipment 

Most of the obvious and more 
common methods of cooling, in 
general, are applied to plastics 
machinery. Already 
mentioned is the use of cooling 


laminating 


water circulated through the cores 
of platens. Ordinary city water or 
other liquid coolants may be used. 
To save time, some laminating 
presses have separate cooling 
platens between which the lamin- 
ations are transferred after heat- 
ing. Pressure is reapplied and 
maintained during the cooling 
phase. The cores of the cooling 
platens are sometimes made the 
evaporator of a small refrigerat- 
ing system so that fast chilling of 
the laminates is obtained by the 
greater temperature differential 
so produced. Refrigerated liquid 
from a separate low-temperature 
supply tank can be pumped 
through the cored platen also. 
Forced-air cooling is employed 
on many small laminating presses 
by means of self-contained blow- 
ers. Air-cooling is naturally 
slower than with other methods 
but eliminates considerable extra 
equipment and allows the smaller 
presses to be completely portable. 


Molds and polished plates 
Molds for plastic laminating are 
varied and many but are distin- 
guished by their intended use, 
i.e., whether they are to be used 
for high-pressure or low-pressure 
laminating. A great difference in 
mold materials exists on this dis- 
tinction. High-pressure-laminat- 
ing molds are not unlike those 
employed in compression molding 
of plastics. They are usually of 
teel construction, although other 
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To Seek Solutions to your 


PLASTISOL MOLDING PROBLEMS 


See - 
MERCURY 


Manufacturers of specifically designed 


Laboratory Model 
RML-1E 
12” Square Plates 





equipment for molding vinyl plastisols 
and other related plastics. 


Mercury 
“‘Roto-Molder”’ 


For Rotational Plastisol Casting 
Production Models Accommodate 
30”, 36” and 42” Square Plates 








ia MERCURY 
. MOLDING MACHINERY INC. 


972 NEPPERHAN AVE., YONKERS, N.Y. 
YONKERS 3-8676 








Auxiliary Equipment For 
Vinyl Plastics 
Molding 


O Dispensing Equipment 
© Conveyorized Ovens 
© Cooling Systems 
© Stripping Tables 


MADE BY THE MANUFACTURERS OF THE NATIONALLY KNOWN 
RED HEAD CONVEYOR PULLEYS AND PREFAB CONVEYORS. 


© Vacuum Stripping Units 
© Conveyorized Layouts 
© Spinning Equipment 


MERCURY INDUSTRIES INC. 


HILLSDALE, NEW JERSEY 


Vinyl Plastics Equipment Division 


NORTH -4-2636 

















PRECISION EXTRUSION CUTTER 


Capacity: Up to 2 in. diameter; tubes, rods, rectangles, shapes 
Speed Range: 7080 cuts per minute to one cut in 62 minutes 
Cuts: Square and smooth, to close length tolerance 

When you send for Circular IV, also send samples for us to cut. 


Information on lengths needed, tolerances and extrusion speeds 
will be helpful. 


FOSTER & ALLEN, INC. morutacurer of 


26 Commerce St. MErcury 5-7766 VERSA CUTTERS 
Chatham, N.J. 











Your fast way of pre-determining the 


weathering qualities of a Plastic is in 
the ATLAS WEATHER-OMETER ' 


Test for resistance to sunlight, moisture, and 
thermal shock. 
Results are accurate and reliable and can be 
reproduced precisely over and over again. 
The Weather-Ometer furnishes a yard stick 
to measure the improved quality of a plastic 
in development and to main- 
tain a standard of quality in 
production, 
Automatic control of light, 
moisture, and temperature, 
can be set for repeating cycles 
according to the test program 
selected. A year of destructive 
weathering can be reduced to 
a few weeks of testing in the 
Weather-Ometer. 





For Color Fastness only use the 
Atlas Fade-Ometer Fully auto 
matic in operation 


Write for technical information and recom- 
mendations for your particular problem. 


ATLAS ELECTRIC DEVICES CO., 4114 N. Ravenswood Ave., Chicago 13, Ilinois 


‘24% fi 





metals may be used, and are rela- 
tively small in size compared to 
those used in low-pressure lam- 
inating. They are considerably 
more expensive and thus are more 
economically used for items of 
large-scale production. 

Low-pressure laminating molds 
however, lend themselves nicely 
to small production, irregula: 
shapes, and fairly large parts such 
as boat hulls, aircraft wing sec- 
tions, etc. One of the most inex- 
pensive materials used is plaster 
of paris. Hydromite, a_ special 
plaster of paris, contains a resin 
and sets to a very hard, smooth 
surface. Large plaster of paris 
molds have been _ successfully 
used for laminating boat hulls and 
other similar shapes. Wooden 
molds are common in _low- 
pressure laminating work. In the 
bag method, wood molds may be 
quite light and need not be ex- 
cessively braced. Sheet metal 
molds are often used for the 
larger laminates. Other metallic 
molds can be made from brass, 
bronze, or aluminum castings. 

Smooth finishes on the mold 
surface are reproduced on the 
laminate and, thus, polishing and 
plating are often used to secure 
extremely smooth surfaces with 
combined good release charac- 
teristics. Chromium-plating is 
common for this application. 

Other mold materials which 
have been used in low-pressure 
laminating are concrete, thermo- 
setting plastics, low-melting-point 
alloys, ete. 

In the press polishing of plastics 
sheet materials, the plates may be 
made of steel, stainless steel, alu- 
minum, copper, brass, etc. and are 
usually highly polished and then 
chromium-plated for high luster 
and surface protection. Hard- 
chrome plating is used for better 
wear and scratch resistance. 


Thermoplastic laminating 


One of the big applications for 
thermoplastic sheet laminates is 
in the preservation of documents, 
papers, etc. 

Laminating equipment used by 
document restorers commonly 
comprises flatbed, steam-heated 
hydraulic presses or roller-typ« 
presses with electrically heate: 
preheating sections or platen 
preceding the rollers which apply 
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FOR THOROUGH 
PRE-MIXING, DISPERSING 
AND ee PLASTICS, 


PAUL O. ABBE 
EQUIPMENT 


RIBBON BLENDERS. Can be furnished 
with jackets for temperature control 
and with spray nozzles for introduc- 
tion of plasticizers. For both batch 
and continuous processes. 


“ROTA-CONE” BLENDERS. For rapid 
thorough blending of dry free-flowing 
materials. Exceptionally easy to clean 
and completely dust-tight. 


“ROTA-CONE” VACUUM DRYERS. 
For fast, efficient batch drying and 
blending of pellets, chips, powders, 
etc. Utilizing high vacuum, complete 
drying of heat sensitive materials is 


accomplished quickly at relatively low 
temperatures. 


DRUM TUMBLERS AND ROLLERS. 
Recommended for blending where re- 
moving material from container is not 
desirable. 


BALL AND PEBBLE MILLS. Unex- 
celled for fine grinding and dispersion 
of dry products or slurries. 


MASS AND PASTE MIXERS. For mix- 


ing and kneading of all kinds of 
pastes. 


Write for detailed information on any of 
these machines. No obligation. 


POUL 0. 


257 Center Avenue, 
Little Falls, N.J. 
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pressure as the work passes 
through. So long as proper atten- 
tion is given to the operating var- 
iables of time, temperature, and 
pressure, good laminations can be 
produced by most any type press. 
The roller-type press has the ad- 
vantage of being continuous, with 
prepared work being fed in one 
end and finished work emerging 
from the other. 

Air ovens are frequently re- 
quired for removing moisture 
from paper and photographs prior 
to lamination, Excessive moisture 
in paper will cause bubbles and 
other undesirable effects on the 
finished laminate due to steam 
formation during the heating cy- 
cle. 

It has been found that acids 
may accelerate degradation of the 
paper and the plastic during lam- 
ination. Neutralization is accom- 
plished by immersion of the paper 
into a tank containing a mild al- 
kaline solution, followed by oven 
or drum drying. Since sulfuric 
acid is used in the acetylation re- 
action when manufacturing cel- 
lulose acetate, trace amounts of 
free acid or bound sulfates may 
remain in the finished sheet. 
However, these are normally neu- 
tralized by traces of calcium or 
magnesium oxides and hydrox- 
ides in the acetate. 

Special cements are used to in- 
crease the plastic 
to the glossy surface of photo- 
graphs when being laminated. 
Compatible cements are available 
for the particular type of plastics 
used such as the acetates, vinyls, 
etc. In many cases, a good photo- 
graph lamination cannot be made 
without the use of such cements 
which are primarily resin-base 


adhesion of 


clear lacquers. 

Small, portable, rigid laminating 
machines for office use are com- 
plete package laminating units, 
combining heating and 
cooling means, and automatic 
cycling with shut-off when 
lamination is completed. Identifi- 
cation cards, credit cards, etc. can 
be made up, laminated, and 
trimmed in a matter of minutes. 
Many such cards are embossed for 
service as credit cards and may be 
used to imprint sales papers, etc. 
This method is gaining favor over 
the metal plate type of marking. 

Various cutting and trimming 


press, 








FIND OUT- 


Why more than 
90% of our 
customers have 
switched to 
Cosmos after using 
other heatsealers! 


YOU, TOO, can have the newest 
advances in COLORFUL, 


trouble-free 


with Cosmos new electronic Heat 
Sealers featuring exclusive Cosmo- 
Chrome USA Pat. #2747646 


*The only heat sealer with enougt 
basic improvements to be granted USA 
Pat. £2747646 (Foreign Pats. pending) 


Offering more working power than oth- 
ers with same rating. The new Cosmos 
performs any standard operation plus 
sealing different colored edges and 3D 
appliques in several colors . . 
ONE operation 


. all ir 


Write today for 
full details and 
sealing samples. 


Cosmos Electronic Machine Corp. 
656 Broadway, N.Y. 12, N.Y. GR 7-7700 


Distributers from coast to coast and worldwide. 


Write for name of distributor in your area! 


961 








* FEMCO BUILT ® CAMPBELL DESIGNED 


*TWO GREAT 
NAMES 





4 “Roll Lift’’ AUTOMATIC 
TRIMMER 


Revolutionary low cost, Die Cutting and 
Trimming method. Trims Vacuum Formed 
plastic packaging materials, molded rub- 
ber goods, natural foams, cardboard, cork, 
etc. Send your material for trial cuts with- 


out obligation. Large volume production machine, 
automatic operation, complete cutting cycle in 20 seconds. 


Automatic LEVELER and SPLITTER 


with TAKEAWAY CONVEYOR 


Levels and splits plastic foam materials. . 


Takeaway conveyor allows continuous op- 
eration, no stopping to remove cut ma- 
terials. 84 x 110 machine shown here 
completes cutting cycle in 20 seconds. En- 
tirely automatic, designed for fast cut- 
ting of multiple blocks over entire table 
area. Example: This machine has cut 1,800 
ironing board pads per hour. 


~ 7 
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Model 78 SPLITTER > 


This machine splits Polyurethane, Polyvinyl, 
Foam Rubber, etc., from Rolls, Sheets or 
Slabs to as thin as 1/16”. Takes rolls 40” 
dia.; sheets or slabs to 78” wide. Cuts 
8” blocks or buns as thin as 1/8” and 
as thick as 4”. Speed: to 33 fpm. 

Call, wire or write for quotations or ask to 
see color movies of our machines in 
action. 


Automatic ROLL FEED DIE CUTTER 


Designed for Die Cutting intricate shapes 
from Roll Stock. Inexpensive steel rule dies 
are used and machine cuts over a bed 
area of 42 sq. ft. eight times per minute. 
Die cuts vinyls, foams, sponge rubber, 
carpeting, Tufflex padding, etc. Com- 
pletely automatic for large volume die 
cutting at low cost. 


WE SERVICE ALL OF OUR EQUIPMENT 


The F LLS ENGINEERING AND MACHINE CO. 


1734 FRONT ST., CUYAHOGA FALLS, 0. 


Established 1917 





equipment is used by laminators 
but is not of any specialized na- 
ture. 


References 


“Credit cards in plastics,” Mop- 
ERN Piastics 35, 105 (Nov. 1957) 

“Time and temperature contro! 
for compression molding,” by Ar- 
thur Herman, Mopern P tastics 
23, 137 (Dec. 1945). 

“Low-pressure molding of lam- 
inates,” by F. P. Wilson and N. D 
Hanson, Mopern Ptastics 20, 57 
(August 1943). 

“Preserving documents by lam- 
ination,’ Technical News Bulletin 
of the National Bureau of Stand- 
ards 42, 54 (March 1958). 

Dumond, T. C., Engineering 
Materials Manual,” 1952. New 
York: Reinhold Publishing Corp. 


EQUIPMENT FOR 
MOLD MAKING 


BY L. J. MORRISON* and 
FRANK S. MARRA* 





Jn recent years there have been 
some definite trends in the mak- 
ing of injection molds for plastics 
that have directly affected the 
equipment required for mold 
making. A few of the more sig- 
nificant trends are: 

1) The increased use of pre- 
hardened steels. 

2) The advent of new processes 
for producing cavities and the 
wider use of various processes 
other than conventional machin- 
ing. 

3) The widespread acceptance 
and use of standard mold base 
assemblies and mold plates in a 
semi-finished or finished ground 
condition. 

4) The trend away from the 
“knee-and-column” type of mill- 
ing machine in favor of the more 
sturdy, “solid base” type of ma- 
chine. 

Since each of these trends and 
processes still have their own spe- 
cific limitations the need for many 
of the conventional types of 
equipment used in the past stil! 
remains. 

Types of equipment used i: 
producing mold cavities will b 
outlined in this article. 


* Detroit Mold Engineering Co., 6686 E. M 
Nichols Rd., Detroit 12, Mich 
References were prepared by the editors 
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esses, such as “hobbing,”’ can be 
and are being done by the mold- 
maker in his own shop; however, 
much of it is being done by com- 
panies specializing in these serv- 
ices. Other processes, such as the 
Shaw Process, are still restricted 
to the more qualified sources. 


Basic equipment 

The power hack-saw is the 
most commonly used machine for 
rough “sizing” bar stock before 
machining. This type of saw uses 
a heavy, high-speed steel blade 
and is capable of cutting tough, 
alloy steels. 

Band saws are important for 
rough stock removal when con- 
tours or through pockets are re- 
quired. 

The abrasive cut-off machine is 
useful for cutting small quantities 
of rods or bars with accuracy and 
high speed. This type of machine 
uses a rubber-bonded abrasive 
wheel at extremely high speeds. 

Acetylene torches are often 
used for rough-cutting soft ma- 
chine steel and are especially use- 
ful for cutting out irregular 
shapes. 

The shaper and planer are used 
for forming plane surfaces, such 
as in squaring-up mold plates and 
for heavy stock removal on cavity 
blocks. 

The single-spindle vertical drill 
press is the most common piece of 
equipment required for drilling 
holes in mold plates or component 
parts. They range from small, 
very sensitive models to units that 
will drill 3-in. diameter holes and 
larger. 

The radial drill press is espe- 
cially useful for large work, since 
it is unnecessary to move the 
heavy block in order to drill sev- 
eral holes in the same surface of 
the piece. It is also used for 
roughing out large circular cut- 
outs and for drilling water or 
steam lines. Horizontal drill 
presses are also useful for drilling 
extra-long water or steam lines. 

The lathe most commonly used 

moldmaking is the engine 
athe, with special attachments 
that classify it as a “toolmakers’ 
athe.” It is used widely in mold 
hops and is indispensable for 
orming pieces having circular 
oss-sections. Some of the at- 
ichments available for lathes are 
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25 to 75 Ton 
Presses 


for Economical Small 
Parts Production 


e Up or down acting 

e Air-oll operation or 
self-contained with 
hydraulic power unit. 

@ Platen working area, 
opening and stroke to 
meet your requirements 

@ Send specifications for 
complete information 











Automold High-Speed Automatic 


330 W. Water St., Syracuse 2, N.Y. 


Northeast Representatives for 


Compression Molding Presses 





Dunning & 
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PRESS CO., INC. 
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CONTROL 


flowing freely 


Call in a Powers engineer and 
you’ll have fewer production 
headaches on your high-volume 
molding. He’ll gladly help you 
in planning, and in specification 
of Powers temperature control 
equipment. He’ll furnish service 
and maintenance instructions for 
your men — expert installation, 
too, if you wish. Prompt delivery 
from local stock. Seventy offices 
in the U. S. and Canada. Phone 
your local Powers office or write 
us today for a copy of ““Tempera- 
ture Control Reference Manual— 
Plastics Industry.” 


Powers Series 100 Indicating Controller 
(A) with remote sensing bulb, and Flow- 
rite Valve (B) at Bell & Howell Co., 
Chicago. This equipment provides close 
control and proof-at-a-glance of com- 
Pression molding die temperature. 
Result: more perfect parts per day— 
fewer rejects. 


q:-- adjustments during installation of 


THE POWERS REGULATOR CO. 


Skokie 34, Ill. 


PROCESS 


CONTROL 
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BALING PRESSES 
of all types 
for 


PLASTIC SCRAP 


(50 standard models) 


All-steel 
hydraulic 
BALE-O-MAT— 
4 sizes 

for dense, 
compact bales 
50-1,000 Ibs. 





$ 


Your plastic scrap can be a con- 
siderable source of revenue with 
a Consolidated BALE-O-MAT hy- 
Gdraulic baling press. More and 
more manufacturers find that 
modern all-steel BALE-O-MAT 
presses, in four standard and any 
custom sizes, offer these profit- 
making advantages: 


REDUCED LABOR COSTS 
RECLAIMED FLOOR SPACE 
HIGHER SCRAP VALUE 
NEGLIGIBLE MAINTENANCE 
HIGH-SPEED PRODUCTION 
LOW INITIAL COST 
SIMPLEST OPERATION 

NO SPECIAL INSTALLATION 


ALSO IDEAL FOR WASTE PAPER, 
CARTONS, ETC. 
Write for free catalogue. 


Consult Consolidated on ail 
hydraulic equipment problems 
without obligation. 


Hydraulic specialists 
since 1909 


CONSOLIDATED 


BALING MACHINE COMPANY 


408M Third Avenue 
Brooklyn 15, N. Y. 
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internal and external grinders, 
milling attachments, special hold- 
ers, and chucks. 

Grinding machines: There are 
many types of grinders designed 
for various purposes, 

Vertical rotary surface grind- 
ers, rugged and rigid, are used 
principally for preparing flat 
stock for subsequent fabricating 
operations. 

Reciprocating surface grinders, 
also used for flat stock, hold the 
work magnetically to the table 
while it is made smooth and par- 
allel after shaping and hardening. 

Jig grinders eliminate make- 
shift methods of correcting holes 
after hardening. They do away 
with dowel gages and end blocks, 
because the hole location is ob- 
tained through accurate, hard- 
ened guide and thus 
makes any additional corrections 
unnecessary. 


screws, 


Cutter grinders: In precision 
milling, duplicating, »r engraving 
work, cutters must be reground 
as often as 20 times per day to 
ensure accuracy. Cutter grinders, 
designed for such sharpening 
operations, are provided with 
graduated dials and adjustments. 

A pedestal or bench grinder, 
consisting principally of a motor 
with a grinding wheel mounted 
on each end of its shaft, is re- 
quired equipment for sharpening 
small tools. 

Finishing 

Preparatory and finishing op- 
erations on molds are accom- 
plished with a variety of auxiliary 
bench equipment. Two of the 
most commonly used items in 
mold shops are filing machines 
and electric or air-operated hand 
grinders. The hand grinders use 
both abrasive “mounted wheels” 
and carbide cutters. The hand fin- 
ishing operations are done with 
“riffle” files, abrasive sticks, lap- 
ping sticks, bristle brushes, and 
felt bobs. These hand-polishing 
operations are used with abrasive 
powders, lapping compound, and 
diamond compound on hardened 
cavities to bring them to a high 
lustre. 


Milling machines 

The piece of equipment that is 
most characteristic of a plastic 
mold making shop is the milling 





This NEW* versatile heavy duty instrument, with 
multiple or variable speeds, records the defor- 
mation and plastic flow curve of all polymers 
at temperatures up to 575°F. With its latest 
measuring heads and accessories ESPECIALLY 
DESIGNED FOR PLASTICS it gained, in 1958, 
scores of new converts from the old fashioned 
static, one point, non-recording test methods. 
Before your eyes the NEW* C.W.B. Plasto- 
graph unfolds the curves, showing plastic 
range, stability, cross-linking and decomposi- 
tion as affected by the base resin and various 
additives. These phenomena are charted in 
useful, meaningful processing terms of defor- 
mation power (meter-grams/second of torque). 


* Not to be confused with earlier models or those 
of a former licensee that do not meet the challenge 
of today’s plastics. 


Other C. W. Brabender instruments 
for the Plastics Industry . . . 


RAPID VOLATILES TESTER 


Semi-automatic. Tests volatiles of one to ten sam- 
ples with accuracy of + .05%. German made count- 
erpart is the German plastics industry standardized 
volatiles tester. 


VISCOGRAPH 


Unique precision recording viscometer records on 
strip chart. Temperature change, up or down, can 
be automatically programmed. Sheer rate can be 
widely varied. Viscosity range up to 15,000 centi- 
poises. 


CONTINUOUS PROCESS 
RECORDING VISCOMETERS 


SEE FOR YOURSELF: Bring or send us your 
samples for free testing. Write or call for 
technical application bulletins. 








Instruments. inc 
SOUTH HACKENSACK, N. J. 
52 E. Wesley St., Diamond 3-8425 


European enquiries should be addressed ‘0 
Brabender o. H., Duisburg, West Germony 
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machine. The type most common- 
ly used, and often referred to as 
the “workhorse,” is the vertical 
milling machine. There are two 
basic types of vertical mills: the 
“knee-and-column” type and the 
“bed-type.” Each of these two 
basic types have their distinct 
advantages. 

The relatively lighter machines 
are usually of the “knee-and- 
column” design. This type offers 
the facility of being able to raise 
and lower the table. This feature 
enables a wider range of work 
piece height to be used without 
over-extending the spindle. 

The “bed-type” has gained 
popularity in recent years due to 
its rigidity. This rigidity in the 
table of the machine has become 
more important due to the in- 
creased use of prehardened steels 
and the added forces required to 


‘machine them effectively. 


Vertical milling 

In its simplest form, the verti- 
cal milling machine has a hand 
feed on the transverse, longitudi- 
nal, and vertical table movements 
as well as on the spindle move- 
ment. The larger and more pow- 
erful equipment invariably have 
power feeds on all table move- 
ments. The more modern types 
of milling equipment are becom- 
ing increasingly important to the 
mold shop. The later models of 
milling equipment are not only 
built sturdier and with greater 
precision, but they will do more 
complex jobs with greater ease 
and in less time than many of 
the older mills still in use today. 
Accessories are available on some 
vertical mills that enable the 
spindle to be set in a variety of 
planes and also include slotting 
attachments. 

The rotary-head-type vertical 
mill readily machines any profile 
that can be drawn with a combi- 
nation of straight edge, compass, 
and protractor, with power feed 

n the table and spindle move- 
ments. 


Duplicators 
For duplicating from a master 
the proposed cavity, there is 
variety of special equipment 
at can be attached to standard 
illing machines. These attach- 
ents are quite satisfactory but 
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Plastics Industry 





The MIKRO-PULVERIZER— 
for granular or fine grinding 


The MIKRO-ATOMIZER — 
for ultra-fine grinding 


PULVERIZING 






ULTRA- 


GRANULAR 
MATERIALS 


FINE 





These MIKRO-D units are engineered to improve mold- 
ing compounds and synthetic resins by perfect blend - 
ing, fine grinding or controlled granulation to unifor: 
particle size. In addition, they assure excellent results 
in grinding scraps and flashings. 


THE MIKRO-PULVERIZER—a dustless pulverizer for 
dry or liquid milling, granulating, fine grinding and 
blending . . . no fans, cyclones or separators. Recent 
developments make it even more efficient in handling 
of heat-sensitive materials. Bulletin 51A. 


The MIKRO-ATOMIZER—a 3-functional mill that 
pulverizes, air-classifies and conveys material in one 
operation. Cool, highly compact, it eliminates air con- 
veyor, bucket elevator and screw conveyor. It is a 
mechanical, screenless pulverizer for production of 
smooth, ultra-fine powders in the 1-25 micron range 
Bulletin 51G. 

Also—the new jet-action MIKRO-PULSAIRE Collector—for opti 


mum dust recovery—lowest maintenance costs. And, the MIKRO 
Collector, standard of the reverse jet-ring type dust collectors 


PULVERIZING MACHINERY DIVISION 


Metals Disintegrating Company, inc. 
30 Chatham Rd. Summit, N. J 
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miuinediate Aervice 


"TMI instruments. 
s especially designed for the 


These prerequisiti 
We have a lafge r of te: 
PLASTIC and RUBBER indus ries. For example: Impact, 
Abrasion, @pmpression, Hardnegs, Viscosity, Surface Temperature, 
Stiffness, Flexing, Thickness, Plasticity, Low Temperature 

Let us help ou solve your particular gesting problem! 

Send for illfstrated literature. 

Remember: © MI develops and d stNEW instruments 

as well as repairs and PttkalibralpsfOLD penis. 
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j | TESTING, MACHINES ie ee 


72 Jericho Turnpike, Mineola, L. I., N. Y. 


Manufacturers and Distributors since 1931 
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Patented and Pats. Pending 


Large material may be preserved by 
plastic laminating after being photo- 
stated or otherwise reduced. 


HOTOGRAPHS and records to be lami- 
nated are placed between two sheets of 

cellulose acetate or similar plastic, in stacks 
up to 6 layers, within the size of the platens. 
The layers are separated by polished plates. 
Each stack is accurately heated and led 
under controlled temperature and pressure. 

The sheets are laminated and welded 
together with an impervious bond at the 
edges. Individual photos, cards of other 
laminated records are then trimmed on an 
ordinary photograph trimmer. 

The press handies any of the standard or 
special plastic sheets suited to laminating. 

No particular skill is required to produce 
up to 800 perfect laminations per 8 hr. day. 
The press is shipped ready for connection 
to standard electric outlet (110 volts A.C.) 
and cold water supply. No special wiring or 
plumbing required. 220 volts or D.C. if 
specified. 





eee FOR PRODUCING 


PLASTIC 


LAMINATED 
TAMPER-PROOF 


— MOISTURE-PROOF 


Identification 
Cards and Badges 
Photographs, 
Important Papers... 


in sizes up to 9”x12” 


5a 
_ 


PROMPT SHIPMENT 
FROM STOCK 


Carver Laminating Press (illustrated), 
Model 150, is available from stock. Polish- 
ing plates and blotters, 5” x 6” or 6” x 6”, 
at slight additional cost. Cards, badges, and 
plastic materials may be purchased through 
regular suppliers. 


Distributors 


GRAFLEX INCORPORATED 
ROCHESTER 8, N. Y. 


FRED S. CARVER INC. 
HYDRAULIC EQUIPMENT 


5 CHATHAM ROAD 





SUMMIT, N.J. 








they usually require hand feed 
on the table and spindle move- 
ments. Machines designed ex- 
pressly for duplicating and having 
power feeds are also available 
These machines are available with 
multiple spindles as well as single 
spindle arrangements. In ma- 
chines incorporating the use of a 
horizontal spindle, chips fall clea: 
of the cutter as the work pro- 
gresses. 

Duplicators that have a “re- 
verse image” attachment, i.e., will 
cut either a right- or left-hand 
cavity from the same master, are 
available. They can also cut as 
many as four cavities simultane- 
ously from one master. 

Pantographs are a _ modified 
form of milling machine in which 
the tracer is guided manually 
over a template, in the case of 
a two-dimensional machine, or 
over a master in the case of the 
three-dimensional types. The 
tracer is “linked” to the spindle 
by a pantographic linkage that 
enables the movement of the 
tracer to be accurately duplicated 
by cutter. These machines can 
be set so that an enlarged master 
or model can be used with the 
tracer and a proportional reduc- 
tion in cutter travel is obtained. 
This feature enables small de- 
tails to be more truly reproduced 
in an enlarged template, thereby 
imparting closer adherence to 
detail in the finished cavity. 


Jig borers 

A jig borer is actually a com- 
bination drill press and vertical 
milling machine. It allows locating 
and spacing of holes with extreme 
accuracy, and is used for laying 
out the cavities of the mold. 


Hobbing is one of the best 
methods for insuring uniformity 
and economy in production of 
multiple-cavity molds and should 
be of great interest to all molders 
and mold makers. MHobbing 
presses have increased in capacity 
from approximately 50 to 3000 
tons and even more. A _ hobbing 
press is basically a hydraulic 
press that is more sturdily built 
than ordinary presses because ‘t 
has to deliver more concentrated 
force. Between its two platens 
placed the mold blank, on top 
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f which is placed the hob. To 
upport the soft mold blank, and 
keep it from spreading diametri- 
ally away from the hob while 
being formed, a hardened chase 

r hobbing ring is used. The ring 
s not necessarily round; it may 
be rectangular in shape. 

On one-push impressions, the 
amount and location of relief is 
important, but it is on those im- 
pressions requiring two or more 
squeezes that the hobber’s skill 
and experience, and the suitability 
of the hobbing press, really come 
into play. It takes only a few 
misguided seconds in a hydraulic 
press to ruin a hob on which 
many hours and many dollars 
have been spent. When hobbing is 
being considered it is wise to 
consult a good hobber before 
making either hobs or blanks. 

A modification of the hobbing 
process is used to pressure-cast 
high-fidelity cavities from beryl- 
lium-copper alloy. This alloy is 
not as rigid or as hard as steel, 
but is easier to work and has 
much higher thermal conductiv- 
ity. Like steel hobbing, beryllium- 
copper pressure casting is a spe- 
cialized process that benefits from 
experience. 


Shaw process 


The Shaw process is a patented 
process, available from licensed 
firms having a licensing arrange- 
ment. This process involves pre- 
cision-casting of all castable met- 
als, including steel, into cavities 
and cores, hobs, and inserts. By 
so doing, costly machining or en- 
graving operations are avoided. 

Castings up to 10 lb. have been 
most typical of production on 
present equipment, but larger 
ones have been made. Wall sec- 
tions as thin as %6 in. can be 
readily provided in steel castings 
made by this process. 

Cast steel cavities and cores 
are usually provided in the an- 





N THOUSANDS of leading industrial firms, 
government and technological laborato- 


ries the Carver Laboratory Press is an in- 
dispensable aid in plastics research and 
development. 

The Carver Laboratory Press, original in 
design, has long been accepted as standard 
for making quick, accurate small-scale tests; 
for development, research and instruction 
work; testing single cavity molds; prepara- 
tion of samples, and even for small scale 
production. The Carver Press provides com- 
plete range of temperatures from room tem- 


perature to 400°F. Adjustable by thermo- 
switch to within plus or minus 2°F. Equipped 
with accurate 6” gauge, providing load 
readings up to 20,000 Ibs. Low pressure 
gauges optional. Carver Standard Accessor- 
ies include Electric or Steam Hot Plates; 
Electrically Heated and Water Cooled Hot 
Plates; Carver Test Cylinders; Swivel Bearing 
Plates; Cage Equipment, etc. The press and 
certain of the accessories are patented. Send 
for your free copy of our latest illustrated 
catalog, describing the Carver Press and 
some of its many applications. 


nealed condition (Rockwell C 

15/20). After subsequent ma- 

chining for ejector pin holes, etc., 

the usual procedure is to harden 
nd polish the cavity to the spe- 
ied requirements. 


GENERAL SPECIFICATIONS 


Opening Stroke 


Adjustable 
0 to 16” 
(7%" between 
olumns) 





Load Platens Dimensions 





0 to 10 


6" x6" ° oe 
(20,000 Ibs.) | *9vere oh ws "aes 




















Electroformed cavities 


FRED S. CARVER INC. 
HYDRAULIC EQUIPMENT 


5 CHATHAM ROAD SUMMIT, N. J. 


In one respect, electroforming 
embles casting or hobbing, in 
it the metal is formed against 
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BROSITES OVENS and DRYERS 


Model +1 
Single door, width 2412” 
Height 50”; Depth 2812” 
Five trays: 15” x 22” x 22” 
1800 watt, 100-500 F ther- 
mostat control. 


Model +2 
Double door, width 48” 
Height 50”; Depth 2812” 
Ten trays: 15” x 22” x 242” 
3600 watt, 100-500 F ther- 


mostat control. 


Model #3 


Twenty tray, double-decker 
also available. 


: DeMattia Grinders and Cutters 


DeMattia +1 Granulator DeMattia #4A at the 
Uniform grinding of thermo- machine Granulator Low 
plastics. 200 Ibs./hr., 3 H.P. For at the machine opera- 
motor, double V belt drive. 


DeMattia #3 Chunk 
Cutter 

cost salvage of large 

i slugs & chunks. 150 Ibs. per 

tion. 75 lbs. per hr., 2 H.P. hr., 3 H.P. 


De Mattia Injection Molding Machines 


BROSITES MACHINE COMPANY ix: 


50 CHURCH STREET eA NEW YORK 7_N 














FOUR HELPFUL SERVICES 


BERYLLIUM 
SPPER 


Injection Molding 
CASTINGS 


Machines 


T 


Company offers the plastics industry 
lines of help to produce better plastic products 
at lower cost. If your interest is in molds or beryllium 
copper castings or injection molding machines or fab- 
ricating machines—Standard has the plant, the ex- 
perience and the skills to help you. 


f r 


Any and all of the leaflets 
illustrated are yours for the 
asking. Just drop us a note on 
your company stationery. 


STANDARD TOOL COMPANY 


203 Hamilton Street, Leominster, Massachusetts 
OMNI PRODUCTS CORPORATION, Export Distributors, New York, N.Y. 














another part. In electroforminy, 
however, this “master” is not 
subject to stress or heat. The 
electroforming takes 
place in a chemical bath at a tem- 
perature that is barely warm to 
the touch. 

The most preferred plastics ma- 
terials for making the master are 
the methacrylates and the ace- 
tates; however, other materials, 
including cast phenolics, nylon, 
styrene, molded phenolics, and 
ureas, can be used. Of the metals 
adaptable for masters, brass is 
preferred. 

The actual process for produc- 
ing electroformed cavities is as 
follows: The master is placed in 
a chemical bath and connected to | 
an electric circuit. The plating | 
metal, which is hard nickel, is 
dissolved in the fluid. When the 
electric current is passed through 
such a fluid, the dissolved metal 
is attracted to the cathode, or 
There it is deposited, 
molecule by molecule, covering 
every detail of the master. When 
this layer becomes about %2 in. 
thick, the original cathode is re- 
moved and we have the electro- 
formed part remaining. 


operation 


master. 


This layer of hard nickel has a 
hardness of 45 to 50 Rockwell C 
and has excellent elongation and 
tensile qualities. For reasons of 
time and economy, a _ sufficient 
mass of copper, with a hardness 
of 220 Brinell, is electroformed on 
top of the nickel layer. The thick- 
ness is such that the resultant 
mass can be machined to any 
geometric shape for insertion into 
the mold. 

The use of electroformed cavi- 
ties have found beneficial appli- 
cations for deep narrow cavities, 
cavities with intricate detail or 
varied surface patterns, curved 
parting lines, and undercut sec- 
tions. 

This process has also found 
acceptance in the field of slush 
casting molds due to the high 
throwing power of the copper 
bath. This feature enables doll 
body molds to be actually thicker 
in the armpits and crotch than 
they are elsewhere. 


Electrical discharge machining 
“maser 


which is a male copy 
of the cavity, to electrically “ma- 


This process uses a 
electrode,” 
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CAMBRIDGE 
SURFACE 
PYROMETERS 
for the 
PLASTICS INDUSTRY 
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needle 


model 











@ The routine use of Cambridge Sur- 
face Pyrometers takes the guesswork 
out of surface temperature pra 
tion. Cambridge Instruments are accu- 
rate, dependable, rugged, quick-acting 
and easy to use, The Roll Model is for 
checking surface temperatures of still 
and moving rolls. The Needle Model 
is for insertion into preforms and ma- 
terials in a plastic or semi-plastic state. 
he Mold Model is for checking sur- 
face temperatures of mold cavities. 
For money-saving and better plas- 
tic-making suggestions, write for Bul- 
letin 3528. It gives detailed informa- 
on on these instruments, 


CAMBRIDGE 
‘NSTRUMENT COMPANY, 


PIONEER MANUFACTURERS 
OF PRECISION INSTRUMENTS 


,UIPMENT FOR MOLD MAKING 


INC. 
°28 Grand Central Terminal, New York 17, N.Y. 





chine” the steel cavity into the 
mold. The electrical discharge ma- 
chining process itself is relatively 
fast and automatic; however, 
prior to electrical machining, the 
electrode master must be manu- 
factured. Briefly, the electrode is 
manufactured as follows: 

The electrode material is first 
heated in a lead melting pot to 
a temperature of approximately 
750° F. It is then ladled into a 
master steel cavity, which has 
been previously heated to 350° F. 
by a thermostatically-controlled 
plate. The master 
steel cavity is set on a 75 ton 
press in a retaining enclosure and 
the molten electrode material is 
poured into the master cavity. A 
of approxi- 
mately 500 p.s.i. is applied until 
the metal has solidified. Shrink- 
age is about 0.001 in./inch. 

The electrode is then machined 
for mounting into the electrical 
discharge Prior to 
mounting it is rough etched about 
0.015-in. undersize and chrome- 
plated to within 0.005-in. of size 
with hard chrome. It is then 
finish etched to about 0.006-in. 
undersize and rechromed with an 
additional 0.004 in. of hard 
chrome. 

After the electrode is com- 
pleted, any number of cavities 
can be reproduced from it in 
the electrical discharge machine. 


electric hot 


sustained pressure 


machine. 


From this point on, the electrical 
machining process is automatic; 
that is, the machine will run to 
a specified depth and shut off. 

The electrodes can be used re- 
peatedly and can be rechromed 
if necessary. 


Chromium plating 


Chromium plating gives the 
plastics industry the advantages 
of harder surface, less sticking, 
elimination of pitting caused by 
gases of reaction, reduction in 
breaking-in time, high finish of 
molded parts, and better flow. 
Because of the plating charac- 
teristics of chromium, any defects 
in the mold 
centuated. 


surface are ac- 
This fact 
given serious consideration when 


should be 


setting up polishing procedures 
to assure good moldings. 

Molds for such operations as 
vacuum forming, reinforced plas- 
tics molding, thermoplastic sheet 








YOUR NEED ? 


Taylor-Stiles Plastic Pelletizers in- 
clude: 700 Series high speed, ultra 
precision cutters, for short cuts of 
thin stock; 200 Series for unlimited 
cut length of thicker stock; and the 
106 for laboratory and small pro- 
duction work. 





Write for descriptive folders. 


TAYLOR, STILES & CO. 


IZ BRIDGE STREET 
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44 99 Little Giant Injection 
Molding Press 
— Pneumatic — 


Check the “Big Giant’’ features 
\utomatic Cycle Speed—50 to 500 p/h 
\utomatic Cylinder Heat Control: = 1 
\utomatic Mold Heat Control: = 1 
\utomatic Hopper—For Accurate Feeding 
\utomatic Nozzle Shut-Off Valve 


\utomatic Ejection of Molded Items 


1/3-Ounce Capacity Completely Automatic 


Semi-skilled operator can set up 
and operate press in 30 min- 
utes . .. press operates on 100 
psi line pressure . .. bench space 
required—18” x 30” . press 
height 26”. 


Simplomatic 
Mfg. Co. 


Dept. MP 58 4416 W. Chicago Ave. 
Chicago 51, Ill., U.S.A. 








SMART MOLDERS THE WORLD OVER SELECT THE 


- 
- 
> 


NOW... 
TROUBLE-FREE 
CONTINUOUS OPERATION! 


Radyne Preheaters assure you outstanding, 
trouble-free performance. Produce better pieces 
in shorter cycles, with less mold wear. No radio or TV 
interference problem! Larger moldings on your existing equip- 
ment with fastest, most uniform preheating. Automatic top 
opening saves one operator-week per year! Standard units _ 
1 kw to 28 kw. Special designs available. 


GOODMAN INSPECTION TABLES 
For Small Moldings 

ideal for small moldings, this automatic vibratory feed 
unit pays for itself in a few months! Two girls can now 
do the work of eight. Variable center drop turns work 
over. Easily adapted to fit individual needs, the unit 
loads easily, parts flow smoothly, rate of feed is in- 
stantly adjustable. New low-cost model without center 
drop is also available 

Perfect Companions to BIPEL Equipment 

See Page 1029 
Write for Folders and Prices! 


RALPH B. SYMONS ASSOCIATES, 
3571 MAIN ROAD TIVERTON ~ 
Je Sales and Service * BIPEL * RAL VE . DMAN 
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aehee tetas 
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SSE 
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forming, short-run  pressu 
molding, etc., where mold and 
strength durability requirements 
are low, can be produced b 
spraying molten particles of metal 
onto a master until a durable 
shell of from ¥ to %e in. has been 
built up. This is accomplished 
with a special spray gun designed 
to feed metal rod through a high 
temperature flame, then blow the 
molten metal particles onto the 
pattern. 


Atomic hydrogen welding 


Sometimes it is necessary to 
build up mold parts by the ad- 
dition of metal. A cutter may take 
out more metal than it should, or 
a mold part may be worn or 
broken off in actual use. In order 
to save this mold part, it has 
sometimes been found quite prac- 
tical to weld with an atomic hy- 
drogen torch. 


Liquid honing 

To speed up polishing of mold 
cavity parts, they are generally 
abrasive-blasted to remove oxi- 
dation and discolorations which 
have been brought about by the 
annealing, hardening, or car- 
burizing operations. 

This “liquid honing” is a modi- 
fied form of impact blasting in 
which an abrasive, suspended in 
a liquid, is delivered to the blast- 
ing nozzle by means of a circu- 
lating pump. The suspension, shot 
at the work by 90 p.s.i. air pres- 
sure, gives the surface of the 
mold a satin-matte finish. A short 
polishing operation restores the 
desired luster. 


Hardening 

Practically all mold 
should be hardened before using. 
Equipment for this work should 
consist of at least one carburizing 
furnace, and a small furnace for 
odd jobs. All furnaces should be 
equipped with good recording and 
control instruments. 


parts 
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| EQUIPMENT FOR 
' REINFORCED 
PLASTICS 








Because of the different methods 
used to produce molded rein- 
forced plastics parts, the equip- 
ment that is required is neces- 









sarily varied. 

For simple bag molded parts, 
the equipment need include only 
a mold, a flexible bag, a vacuum 
pump, and an oven or a bank of 
infra-red lamps. However, when 
producing large parts in matched 















metal molds, the required equip- 
ment will include many complex 
items such as air or hydraulic 
; presses having a large platen area 
and adjustable daylight as well 
as long and fast ram travel; 
timers and controls; special ma- 
chines for making preforms from 
chopped fibrous glass _ rovings; 
curing ovens; and materials han- 
dling equipment. The latter con- 
{ veys preforms to the oven and 
then to the press as well as trans- 
ports the molded parts to finish- 
ing and shipping stations. 

For high-speed production of 
noncontinuous reinforced plastics 
heet, the major items include 

coating device equipped with 
squeeze rolls or some other resin 

etering device, numerous highly 
olished steel caul plates, a multi- 
iten press, and a large shear for 
mming the edges after molding. 

Continuous sheet may be pro- 

iced with paper, fibrous glass, 

other suitable reinforcement, 













ng a “nonpressure” curing 
sin as the binder. By this 
‘thod, one or more rolls of web 

mounted so that they can be 
1 through an impregnating tank 


















2UIPMENT FOR REINFORCED PLASTICS 


TEMPERATURE CONTROLLERS 
serve your need Best 


General characteristics: indicating and pro- 
viding positive control; distinctively simple, 
convenient, reliable, economical; tubeless; 
plug-in meter units; thermocouple break protected; guaran- 
teed; demonstrated and serviced from offices in many cities 
here and abroad. 














MODEL SERIES 


for Off-On control 
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MODEL 














MODEL JP Series SERIES 
for Proportioning control; more | combines High 
precise where heating-cooling fac- | Limit and Off-on 





tors are more dynamic | control 
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MODEL 




















JG 
— | SERIES 
J E provides Program 
SERIES control, applying 
Portable —ideol any of above con- 
for laboratories trol actions to con- 


trol both time and 
temperature. 
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MODEL JS SERIES ee 


gives Step- JT 



















less control; SERIES 
extremely gives 3-Position 
precise | control for motor- 





ized valves, 3- 
phase heating, heating-cooling cycles 


WEST Litunat 


+ All controllers can be furnished for CORPORATION 
thermocouples or resistonce bulbs. SALES OFFICES IN PRINCIPAL CITIES 
For dato on these or other West instru- 


ments and accessories, use your classified 4359 Ww. MONTROSE, CHICAGO 4l, ILL. 


phone directory or write direct. A 


[\, British Plant: WEST INSTRUMENT LTD 
the trend is to WEST = - 
' 


52 Regent St., Brighton 1, Sussex 
Represented in Canada by Upton. Bradeen & James 












































} processing equipment 


now giving you _the-best 
possible production at 
the lowest possible cost? 


If You’re Not Absolutely Sure, You Owe It to Yourself to Find 
Out Now About Liberty's Full Line of Film Processing Machines 


Here are 4 of Liberty’s Money-Savers 


LIBERTY ONE-COLOR PRINTER 


Better Because: 


Engraved cylinder can be changed in 
minutes. 

Copper cylinders easily removable— 
can be washed up while on press. 
When printing from doctor blade, press 
gets under way with only pint of ink. 
And you need only two, three quarts 
when using ink pan. 

Doctor blade and cylinder always in 
full view. 

All steel construction. Ball bearings 
throughout. 

Width, 48” to 72”. Repeats up to 24”. 


LIBERTY J-BOX 


Better Because: 


No more “down time” due to roll 


Latest LIBERTY ELECTRIC EM- 
BOSSER—LAMINATOR 


Better Because: 


Equipped with slitter, adhesive head 
Wide speed range—6 to 42 yds. per 
min. 

Uniform finish produced by easily 
controlled, electrically generated 
heat. 

62” operating face. Handles widths 
up to 60”. 


LIBERTY’S PACKAGING UNITS 


For more details on low-cost, high produc- 
tion Liberty printing machines and em- 


scare me . 1 ; ’ 
changes. You splice in a new sell. bosser-laminators, write for Liberty’s free 


take off a completed roll without 
stopping your machinery. 
Versatile—can be used in coating 
embossing, printing, laminating, 
calenderng. 


Custom Built. Unwind and Re- 
wind J-Boxes handle all types of 
material in any specified width. 


972 


catalog. Do it today! 


LIBERTY 
MACHINE CO. INC. 


275 FOURTH AVENUE, PATERSON 4, N. J. 





or under a sprinkler-type of resin 
applicator, and then to a set of 
combining rolls which also serve 
to squeeze out the excess resin 
These rolls are fitted with end 
gates which keep excess resin 
from flowing out at the edges 
Such gates are adjustable fo: 
width of web. As the individual! 
webs combine, “carrier” webs o! 
cellophane or coated paper fe 
from nearby let-off rolls join th 
assembly as top and bottom sur- 
face coverings. Carrier webs are 
usually 4 to 6 in. wider than the 
laminate. 

The feed of the carrier web is 
controlled by brakes and side ad- 
justments. The curing section is 
usually a textile tenter frame, or 
a modification thereof, which car- 
ries the laminate through the 
ovens. Ovens are 50 to 100 ft. long 
and are zoned into three to five 
sections where preheating, cur- 
ing, and after-heating take place. 


Wind-up rolls 

Carrier sheet removal is ac- 
complished by wind-up rolls, 
suitably clutched. The cured lam- 
inate is then trimmed at the sides 
by saws or rotary shears. Cut-off 
into desired sheet length is done 
with electric sheet-metal shear 
equipment. The shear must be 
properly maintained; a poorly 
adjusted or dull shear will cause 
delamination. 

Sanding the back of the lam- 
inate is necessary in order to pro- 
vide good adhesion. Special sand- 
ers are available which perform 
this operation uniformly and 
quickly. 

For all types of molding, except 
that in which pre-impregnated 
stock is used, it is necessary to 
have weighing and mixing equip- 
ment for the preparation of resin 

All reinforced plastics parts re- 
quire grinders or sanders for flash 
removal and many items require 
edges smoothed by buffing. 

For a complete discussion of 
the various types of preforming 
equipment which are available 
see p. 978. For data on all mold- 
ing techniques, see p. 678. 


References 
For further information on r 
inforced plastics materials, sé 
p. 528, as well as the Low-Pre: 
sure Laminating Resins Chart 
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also consult the Subject Index, 
and the Directory Index, p. 1084. 

“Reinforced molding com- 
pounds,” Mopern Ptastics 31, 12 
(Aug. 1954). 

“New tools, new plant for car 
bodies,” Mopern Ptiastics 31, 115 
(Aug. 1954). 


EQUIPMENT FOR 
COMPOUNDING 
AND COLORING 


Jn general, compounding and col- 
oring thermoplastics requires at 
least four steps: 1) weighing in- 
gredients, 2) mechanical blend- 
ing, 3) plasticating the mixture, 
and 4) cutting the finished com- 
pound into usable particles. At 
least one piece of equipment will 
be required for each step. Not in- 
frequently, where a particularly 
thorough mixture is desired, two 
types of equipment—a Banbury 
mixer and milling rolls—will be 
used for the plasticating step. 
The choice of equipment for 
each of the four compounding 
stages will depend in part on the 
quantity of compound desired 
the speed of production. 
The nature of the thermoplastic 
being compounded and of the 
other ingredients will also play a 
part in determining the type of 
equipment required for each 
stage. Finally, the form in which 
the compound is to be fed to the 
molding or 


and 


extruding machine 
will affect the choice of equip- 
ment for final cutting. 

Weighing equipment re- 
quired for the first step in any 
compounding or coloring opera- 
tion, unless the desired propor- 
tions happen to be such that the 
batch can be made up from pre- 
weighed contents of bags, drums, 
or other shipping containers. Even 
in such a case, check-weighing 
may be desirable to assure accu- 
racy. 

The type and size of scales used 
will vary widely with the nature 
of the operations. For the color- 
ing of polystyrene crystal in a 
molding plant, small balances will 
generally be all that are neces- 
sary to weigh out the small 
amounts of colorants required. At 
the opposite extreme are the large 


enclosed scales required by ma- 


CUSTOM DESIGNED & MANUFACTURED 
CONTINUOUS PROCESS SYSTEMS 


SURFACE COATING SYSTEMS 


.... for fabrics, paper and films 


High-production machines are available for the applica- 
tion of plastisols, hydrosols, organosols and other surfaces 


coatings to continuous web materials. 


IMPREGNATING SYSTEMS 


.... for fabrics and paper 


WeTa Cia Mer letec Mealiolnicurieitictel Miacemr leanria lwtcue 
Tilcemaeslleritteltcm ua emir icaurl lm celumeramiriitietadttuc 
of electrical tapes, conveyor belting, 


pressure-tight Ploletecme totem aitam el car 


ROLL AND KNIFE COATING MACHINES 


Reverse roll, rotogravure, knife-over-roll, floating single- 
Bt eemeleltie) (ay stliickaer cca mela meelliricei mem avant 
machine types are furnished for installation 


in the customer's coating line. 


EMBOSSING & LAMINATING SYSTEMS 


Low- to high-pressure roll embosser or laminating units 


are available in single and dual head designs. 


FIBER ORIENTING SYSTEMS 


Complete orienting systems are available to improve 
ants (Gm leuairudimeliemacelt (acme ere lero 


Tine lelcamemaaiaiceemilnaut 
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TECHNICAL DATA ON REQUEST 


wy CID se 
ZLER CO., In 
CLEVELAND 9, OHIO 
GILLESPIE & CO. OF N Y 


1817 BROOKPARK RD CABLE “CALITZ 


EXPORT REPRESENTATIVE 96 WALL ST, NEW YORK 5, N Y 
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BAILEY BLENDER terials manufacturers for weigh 


ing all the ingredients for great 


Specially Developed for batches of compound. 
In any compounding or coloring 


MIXING VINYL SCRAP OR VIRGIN RESINS operation, the properly weighed 
amounts of the various ingredi- 
ents must first be mechanically 
For Injection Molding * Extruding * Calendering | blended before the mixture can 
Clearance-relieved ribbon segments on mixing ele- | be satisfactorily masticated. The 
ment proves far superior to all double ribbon | material in the premixer may be 
mixers. wet or dry, depending on the type 
of plasticizer used. Some pre- 
mixers, it will be noted, can han- 
dle either wet or dry mixtures, 
+ More thorough emptying of blend- | while others are suitable only for 

er—faster cleanup. dry blends. Another major dis- 
+ Reduces maintenance costs. tinction may be made between 
Write today for literature giving full de- mixers with internal moving ele- 


tails of Bailey New Superior Blenders, Sift- | ments to do the mixing and those 
ROUNDED CORNERS ers, Cutters, Shredders, Batch Dumpers and in which the whole mixing cham- 
other fine Bailey equipment used by such 
for quicker, more complete companies as: Monsanto, American Cyana- ber revolves. 


cleaning—eliminates contami- mid, Borden, Resiloid, Chas. Field, Gering Tumbling blenders: The tum- 
nation between batches. Products, and many others. ; s 
bling blenders, which handle only 
MAGNETIC GRATE SEPARATOR dry mixes, are of many types, but 
PREVENTS UNNECESSARY DAMAGE TO EQUIPMENT P in all of them the mixing is 
The Magnetic Grate consists of highly saturated permanent type Alnico PTT A achieved by some type of turning 
No. 6 magnets and intervening steel bars. F . . ss 
Placed in the throat of the hopper, the grate attracts every _ = oo Le ey action of the chamber containing 
from material being loaded in the machine. Retaining this and other large ¢ 2 s s 
debris of all kinds—rags, sticks, stones, paper, etc., it helps prevent dam- at pes” the — One type is mounted on 
age to expensive machinery ; ; a- /Y | a horizontal axis and turns end- 
The grate can readily be lifted out for removal of tramp iron and debris. i : 
The Magnetic Grates are available in sizes from 2” x 4” to 8 feet over-end vertically. In another, 
quare, Any size or shape can be furnished to meet unusual requirements. 2 
sn sai the steel drum is mounted on the 
7 t. 7 : 

R. N. BAILEY & CO., INC. New York 36, N.Y. machine base so that it rotates at 
an angle of about 30° from the 
vertical. This machine is one of 
those equipped with baffles to in- 
tensify the mixing action. In still 
another tumbling unit, the drum 
is mounted at an angle to the 
horizontal shaft and is balanced 
‘ by another drum at the opposite 

Fete MODEM ‘GkaBboee- end of the shaft. 
ere. tr ee) . i 
aia None of the tumbler containers 
have moving elements, although 
some types do have curved baffles 
affixed to their internal walls to 
direct the material from one end 
of the barrel to the other as it is 
revolved. 
A centrifugal-type mixer which 
was originally developed for use 
egsSsbsbet he ' oar oe by food processors is suitable for 
sseet $ SrRee,—--—<, . r 
43 Bey blending batches of dry mixes. 
. . - oo This machine has an enclosed 
motor which drives a directly- 


Improves Pre-Plasticizing! 





+ Increases blending efficiency, makes 
a better mix quicker. 
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; connected rotor at high speed. 
Fieliman American Twin-press installation at Vinyl! Plastics, inc., Sheboygan, 


Wisconsin, has more than doubled production. Press on left, loaded with Ribbon blenders: Another type 
stock, is ready for pressing cycle; press on right is in pressing cycle. e 


of premixer employing internal 
Whatever dimension, temperature or pressure you require for 


se ee Fiell pwned ; moving elements to effect the 
plastic production, Fjellman American presses can meet your : : er. 
needs: In ranges from 50 to 2000 PSI, single to 24 openings, in so apg Mi fa ye ge 
platen sizes from 20” x 20” to 90” wide x 200” deep. Full line t d , Pe 
of automatic loading and unloading equipment. Write for 14- — ee essen ie 
page catalog on hot and cold presses for plastic and woodwork- action is accomplished by several 
ing industry. equally-spaced helical blades, 

FJELLMAN AMERICAN INC. rotating on a horizontal axis in an 


P. O. Box 1205 Joliet 1, Mlinois enclosed trough. The trough con- 
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tains a top opening for feed pur- 
poses and a bottom port for dis- 
charge. 


Plasticating equipment 

After the initial premixing of 
the components of a molding com- 
pound in a blender, it is usually 
necessary that the mixture be 
worked into a soft (molten) state 
under heat and pressure. Among 
the intensive-type mixers suitable 
for plasticating are the Banbury, 
intermix, and spiral flow mixers, 
mill rolls, and extruding machines. 

Intensive internal mixers: These 
generally consist of a mixing 
chamber containing two revolv- 
ing rotors. Clearance between the 
rotors and the wall of the cham- 
ber is small, assuring thorough 
mastication of the material be- 
tween them. The material is 
charged into the chamber through 
a hopper. Generally, the mixer 
is equipped with a pressure ram 
which, when activated, forces the 
material into the rotors. Most 
mixers of this type are cored and 
jacketed for circulating a liquid 
heating medium. 

Milling rolls: A set of milling 
rolls consists of two steel rolls, 
cored for the circulation of steam 
or other heating medium. The 
rolls are usually horizontal, paral- 
lel, and equidistant from the floor. 
They rotate slowly toward each 
other. The roll nearest the opera- 
tor is known as the “mixing roll”; 
it turns slightly faster than the 
other roll and is cooler. The space 
between the two rolls can be ad- 
justed by the operator to exert 
the desired amount of pressure. 
Doctor blades attached to the 
rolls, or ordinary knives, can be 
used to cut the blanket of ma- 
terial adhering to the mixing roll 
so that it can be mixed further. 

Multi-screw extruders: Twin- 
screw extruding machines are 
often used for compounding and 
coloring thermoplastic molding 
material. When used by injection 
molders, the material is generally 
extruded in the form of multiple 
rods or spaghetti which may be 
cut right at the face of the die, or 
may be conveyed through a cool- 
ing bath and thence into a pelle- 
tizer. When such a setup is used 
by extruders, however, it makes 
t possible to compound, color, 
ind extrude into the desired sec- 
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IMPORTANT MACHINERY DEVELOPMENTS 


for all phases of 


PROCEPLO aa. 


Although most Progressive Machines are made for handling extrusions, we also manufacture 
a line of plastic machinery for all phases of plastic production. The machines shown here are 
just a few examples of the type of product that has made us world leaders in the plastic 
machinery field — and why Progressive Machines have been acclaimed and accepted for 
their reliability, ease of adjustment and efficiency in operation. They do the job they are 
designed to do — best! 








COLOR PROPORTIONER 129 


Extruders who want fast color changeovers with minimum 
waste and minimum down time while maintaining color 
consistency, want the new, improved *129. Here is a 
controlled color Proportioner that gives uniform blend and 
feed, gives you a pay load up to 2000 Ibs. per hour and 
eliminates costly time consum- 
ing operations like: weighing 
out, timing, tumbling and 
handling. Even more, there is 
no need to tie up money in 
inventories of raw materials 
in numerous colors. 







SPOOLING MACHINE 
117-6, 117-B 


These units neatly wind extruded strips such as shoe 
welting, lacing, tubing and strip gaskets onto spools. 
The standard Model *117-C€ handles a 12” diameter 
spool x 12” wide. The Model *117-B handles a 24” 
diameter spool x 12” wide. Both machines have ad- 
justable traverses for different width extrusions to 
insure even winding. Diameter build-up is compensated 
for by dancer rolls which maintain constant linear 
winding speed and uniform tension. The drive has a 
speed range from 20 to 1. 


ANTI-WRINKLE 
SLAT EXPANDER 


Smoothes out plastic film and fabrics during continuous roll operations. 
Expander slats move outward from center, pressing out any creases or 

wrinkles in the web. This permits operation of processing machinery at higher 
speeds. This Anti-Wrinkle Slat Expander delivers tight, neat rolls, improves printing register 
and cuts reject losses. 


Write for individual bulletins containing complete Progressive also manufactures Rigid Pipe Pull 
infatmation ond ovr price schedules which are Offs, Automatic Batchers, Film Take Up Units, 
also available. Cut-Off Reels and Slitters, Film Rewinders. 


We machine co..,inc. 


SPECIALISTS IN PLASTIC FILM HANDLING EQUIPMENT 
198-202 EAST 25th STREET « PATERSON 4, N. J. 


New England Rep: Barret & Breen Co., 80 Federal $t., Boston 10 
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ELECTRIC ELECTRIC TEMP 
CONTROL ———~ Comm 


Cram) 


Schematic sketch of the control circuit in the 
Sarcotrol Model MC-1, Single Unit. Model 
MC-2, Dual Unit, is equipped with two of 
these circuits, MC-3 has 3 circuits, 
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ELECTRIC 
HEATER 








Before you buy...Compare 
all Temperature Control Units 
for molds, rolls, cylinders, drums 


OMPLETELY redesigned, the new Sarcotrol heating and cooling 
unit is fully automatic as shown in the following list of features. 

It maintains even face temperatures by recirculating temperature- 
controlled water at high velocity through molds or roll jackets. 
Check Sarcotrol’s features against any other unit before you buy. 


Sarcotrol gives you all these features 


Dependability — built and guaranteed by Sarco, makers of tem- 
perature controls and steam traps since 1914. 
No need for special heat transfer liquids — temperature-controlled 
water to 300° F. is recirculated at high velocity in closed 
system. 
Independent circulating systems — the Sarcotrol is available with 
one, two or three independent systems (see above sketch). 
Simple, sensitive control — one knob changes temperature control 
setting; sensitive thermostat (+1°) minimizes temperature 
lags; easy-to-read dial shows both desired and actual tem- 
peratures. 
Automatic selection of heating rate — for fast heat-up; then close 
control. 
Saves electricity and water — the same thermostat regulates both 
rate of heat input and cooling; cuts out both when set tem- 
perature is reached. 
Automatic heater protection — heaters are automatically cut off 
when pump is shut down. 
Many other features — are listed in the Sarcotrol technical 
bulletin. 

2178 F 


Please advise if you are interested 
in automatic temperature control 
for molds or for rolls. Technical 
bulletin and case histories will be 


mailed to you by Sarco Company 
Inc., 635 Madison Ave., New York 
Ve 
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tion in a single operation. Twx 
types of these multi-screw ex- 
truding machines are now being 
marketed in the U.S., one manu- 
factured in this country and on« 
in England. 

In each machine, both worms 
participate in the kneading and 
heating operation, but in the 
American machine, the actual 
extrusion is effected by only one 
screw, the other one being shorter 
in length. In the British machine, 
the flights on the two screws are 
of the same pitch, permitting 
them to mesh, but in the Ameri- 
can machine the worms do not 
mesh. The material is plasticated 
by the pressure and heat as it is 
forced against the heated cylinder 
wall by the revolving screw, and 
as it is advanced along the flights 
in the screw toward the front of 
the chamber. On both machines, 
the screws are machined with 
progressively finer flights, to han- 
dle the material as it becomes 
more thoroughly melted in the 
cylinder. 

The size and shape of the cyl- 
inder chamber on each machine 
corresponds to the requirements 
of the screws. Thus, while both 
chambers are « shaped at their 
feed end, the one in the American 
machine streamlines down into a 
conventional round shape at the 
discharge end, due to the fact that 
only one screw extends into the 
final section of the chamber. On 
the British machine, the o shape 
persists throughout the chamber 
length. 

Single-screw extruders: Some 
single-screw extruders, with 
worms especially designed to 
work the material thoroughly, 
are also used to compound and 
color thermoplastics. 


Chopping, granulating, dicing 

Theoretically, any crushing, 
grinding, or cutting equipment 
could be used for reducing ther- 
moplastic compound to a size 
suitable for feeding into an injec- 
tion machine or extruder hopper. 
In a specific case, the choice of 
cutting equipment will depend 
partly on the plasticating equip- 
ment that has been used and 
partly on the size and shape de- 
sired in the particles. Thus, com- 
pound coming in sheet-like form 
from mill rolls is usually broken 
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mechanically, then fed first to a 
chopper where it is cut into large 
pieces, then to a granulator where 
the large pieces are converted 
into granules or powder. In con- 
trast, rods of compound that come 
from an extruding machine are 
customarily cut by a pelletizer. 

Choppers: The function of a 
chopping machine is to reduce 
continuous material, such as ex- 
trusions or sheets from mill rolls, 
to a size that can be conveniently 
handled by a granulator. The 
sturdy machine in which such 
rough, nonuniform cutting is ac- 
complished is equipped with a 
series of rotating knives cutting 
against a bed knife. In fact, its 
operation is similar to that of a 
granulator. 

Granulators: The machines 
used for final granulation of the 
material are generally grinders or 
dicers. Scrap grinders may be 
used for granulation of virgin 
stock. Materials manufacturers 
require heavier machines, of 
greater capacity, though built on 
a similar principle. Some of the 
heaviest granulators may obviate 
the preliminary use of a chopper. 

The cutting chamber of a typi- 
cal granulator consists of a motor- 
driven rotor containing revolv- 
ing tool-steel knives which cut 
against fixed stationary knives 
that are set at a slight angle in 
the cheek pieces. The size and 
number of both rotary knives and 
stationary knives will vary with 
the size and requirements of the 
machine. However, there is al- 
ways an equal number of knives 
in each of the two cheeks. The 
bottom of the cutting chamber 
consists of a perforated screen. 
The size of the holes will deter- 
mine the maximum size of the 
particles leaving the machine, 
which may vary from %¢ in. down 
to a fine powder. 

Whether a pelletizer or a dicer 
is selected will depend largely on 
the form in which the plastic is 
to be fed to it. Thus, the multiple 
rods emerging from a compound- 
ing extruder are already of the 
desired diameter, so the pelletizer 
merely needs to be capable of 
performing one operation—cut- 
ting the rod into the desired 
lengths. When the stock is to be 
cut hot, the pelletizing device, 
called a fly-knife cutter, may be 
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Get in on the 


IMPACT 


The efficient way for particle size reduction 














1. Material feeds to spinning 
etor disc. Centrifugal force 
material out to circum- 
iee.of rotor. 


2. Rotating impact- Ya 
ors break particles~ 
and impart extreme ! 
velocity. ~e ' 








3. Kinetic energy 
drives them against 
target impactors 
where controlled 
particle reduction is 
effected. 





® 
HERE’S WHY THE ENTOLETER IMPACT MILL DOES 
A BETTER GRINDING OR MIXING JOB! 


® Initial cost, operating cost and Maintenance cost 
are /owest of any production grinding method. 





APPLICATION: 


Freeing POLYETHYLENE pellets 
from clustered mass without muti- 
lation or temperature rise. 


® Handles many times the capacity per horsepower 
— wet or dry. 


Entoleter Centrifugal Machines 
(Series 27 shown above) handle 
processing of entire output of Poly- 
ethylene Pellets for one of the 
country’s largest producers. 


* Controlled particle size reduction is achieved 
without screens, cutters, attrition or close grind- 
ing tolerances. 


* Operates with low temperature rise — ideal for 
heat sensitive materials. 


Low cost, low power requirements 
and high capacities plus precise 
control of result make impact mills 
ideal for many chemical processing 
applications. 


Get the full story on 1M —cata- 
logs, data sheets, typical applications 


FREE test runs of your materials. 
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Makers of Hydraulic Presses and Valves Fire Hydrants 


FOR 


PLASTIC 


R. D. Wood Hydraulic Presses are designed to meet the many 
exacting demands of modern plastic product manufacturing. 


Accurate and uniform heat-pressure distribution of R. D. Wood 
Presses provides high product uniformity under mass produc- 
tion conditions. Full production speeds and economies are 
assured by automatic and semi-automatic pressure controls, 
blow down, heating and cooling units; central and self-con- 
tained hydraulic systems; special platen arrangements and 
many other features. 


R. D. Wood Presses are available in a wide range of models and 
capacities for many production requirements. 


Before you buy, consult R. D. Wood Company. Write today 
for details of our full line of Hydraulic Presses and Equipment. 


\no/ R DBD. WOOD COMPANY 
\ 
\G/ PUBLIC LEDGER BUILDING e@ PHILADELPHIA 5, PENNSYLVANIA 


presentatives in Principal Cities 


£2 § 


Cast-Iron Pipe Gate Valves 





located grazingly close to the face 
of the extrusion die, which feeds 
directly into it. The die face acts 
as one “blade” of the so-called 
“scissor.” 

A typical fly-knife cutter con- 
sists of a single- or double-blade 
rotary cutter, mounted on a shaft 
that is turned by a small electric 
motor with variable-speed drive. 
In operation, as the cutter re- 
volves, the blade or blades slice 
across the face of the die. Rate 
of extrusion, speed of revolution 
of pelletizer shaft, and number of 
blades will determine length of 
pellets. 

If the extruded rods or strips 
are to be cut cold, the pelletizer 
must be equipped with feed rolls 
to assure positive feed; constant 
rate is necessary if pellets are to 
be of equal lengths. The cutting 
blades revolve at right angles to 
the direction of feed. 

When the stock to be pelletized 
comes to the machine either in 
the form of a sheet from milling 
rolls or wide strips from an ex- 
truder, the machine must be ca- 
pable of cutting it both lengthwise 
and crosswise. Special dicing ma- 
chines are made for this type of 
work; also available are slitting 
attachments for use on ordinary 
pelletizers. One machine, particu- 
larly suitable for cutting elasto- 
meric materials but adaptable to 
rigid thermoplastics if they are 
fed warm, has a saw-tooth slit- 
ting roll instead of the feed roll 
common to the rotary chopper 
which is used for pelletizing the 
rods. 

For further information on 
colorants, see p. 371. Also consult 
the Subject Index. For sources of 
compounding equipment and col- 
orants, see the Directory Index, 
p. 1084. 
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Equipment for preforming is 
divided into two general classi- 
fications. One is the type used by 
a compression or transfer molde: 
for producing dense pills or pre- 
forms from powdered or granu- 
lated molding material, or from 
impregnated chopped fabric 
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thermosetting compounds. The 
second classification is used only 
by the molder of reinforced plas- 
tics, and its function is to produce 
a preform of chopped glass fibers 
in the approximate shape of the 
desired end product, this pre- 
form to be sufficiently strong to 
withstand handling without fall- 
ing apart. 

This article will treat with the 
first type of equipment. Preform 
machines for reinforced plastics 
molding are discussed on p. 526. 
Preform presses for the various 
thermosetting compounds are dis- 
cussed in the section below. 


Major functions 


The chief function of a preform 
press is to compact loose plastic 
material into a dense shape that 
can be handled easily during pre- 
heating and mold loading opera- 
tions. Preforms also assure uni- 
form mold charges. 

In addition to preforming, high- 
speed cold molding can be accom- 
plished on the preforming type of 
press. A floating head press is 
especially adaptable for this spe- 
cialized operation, using a set of 
embossed dies. 


Types of presses 


There are two methods of clas- 
sifying preform presses. One dis- 
tinction is on the basis of single- 
stroke or rotary design, the other 
on the basis of mechanical or 
hydraulic operation. All types 
have variable-speed drives and a 
means for manually adjusting the 
weight and density of the pre- 
forms. On some of the machines, 
these adjustments can be made 
while the preform press is in 
operation. 

Single-stroke presses may be 
operated by mechanical or hy- 
draulic means or by a combina- 
tion of the two. The mechanical 
type, which is the more common, 
may be actuated by a cam, toggle, 
crank, or eccentric mechanism. 

The hydraulic type of press is 
less commonly used; a single-act- 
ing press of this type may be 
indicated for handling materials 
that cannot be fed automatically. 

In general, in the standard au- 
tomatic, mechanical single-stroke 
press, a volumetrically deter- 
mined charge is fed into a sta- 
tionary die cavity by a recipro- 
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~ hydraulic presses  - 


a full line of hydraulic presses 
and equipment for modern plastic 


product manufacturing 
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a. 1327-ton multiple-opening, duplex cylinder type hydraulic 
platen press for the manufacture of molded brake lining and 
similar products. 

b. 880-ton multiple-opening platen press designed for polishing 
and laminating plastic sheets. The complete ten-opening sheet 
production unit includes a twenty-opening loading and unload- 
ing elevator 

c. 500-ton multiple-opening platen press designed for embossing 
and polishing operations in the plastics industries. 


... heating platens in a wide range of sizes precision made for 
exacting work in the processing of all types of plastic products. 





...@ complete line of hydraulic 
valves especially designed for high 
pressure circuits. 


... hydraulic power systems de- 
signed and built in all types of 
direct pumping hydraulic power 
units and pressure storing accumu- 
lator systems. 

Write today for detailed informa- 
tion on R. D. Wood's full line of 
Hydraulic Presses and Equipment. 


R. D. WOOD COMPANY 


PUBLIC LEDGER BUILDING e PHILADELPHIA 5, PENNSYLVANIA 


see Re er RE Ae. 
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duote... Unquote 


HOW USERS PROFIT WITH 
AUTOMOLD 
COMPRESSION MOLDING MACHINES 





"20¢ ...cost down to 7¢ per unit." 
"...outstanding feature...simplicity of installation." 
"...increased production rate 35%...improved appearance." 
"Maintenance cost extremely low..." 

"...PRODUCING 50,000 TO 65,000 PARTS PER DAY ON EACH MACHINE." 
"...inter-changing molds eliminate costly gaps in production.” 





These quotes are an indication 
of Automold’s outstanding 
qualities. Few, if any, auto- 
matic press manufacturers can 
make all these claims—and 
none of comparable capacity 
can match our clincher: the low 
first cost of Automold and its 
installation. As one electrical 
manufacturer said, “The cost 
of the die and the press itself 
was less than the cost of mak- 
ing a transfer die for our 200- 
ton transfer press.” And then, 
“... the Automold press began 
producing parts immediately 
after being installed and set up 
for operation.” 


These presses, in 10, 25 and 50 
ton capacities, are fully auto- 
matic, require only 100-120 Ib. 
air supply, standard 110-220 
V. circuits and small compact 
molds you can set up in less 
than two hours. Our revolu- 
tionary toggle power is de- 
pendable, easily maintained. 
And our engineers will test run 
your mold in our plant. You 
ean’t lose—so check with our 
representative in your area or 
send for his name and latest 
brochure. 


3201 Exposition Place, 
Los Angeles 18, California 


AUTOMOLD A50B automatic Eastern Office: 400 Midland, 
compression molding press Detroit 3, Michigan 


Distributors in Albuquerque, Chicago, Dayton, Detroit, Garden City, N.Y., 
Franklin, Pa., Leominster, Mass., Los Angeles, Monroe, N.C., Syracuse 


AUTOMATIC MOLDING MACHINE COMPANY 
S AUTOMOLD 4 


Subsidiary of Wagner Brothers, Inc. 





cating or oscillating feed shoe. 
The hydraulic single-stroke press, 
on the other hand, is semi-auto- 
matic and the operator loads a 
measured charge into the die be- 
fore the start of each pressing 
cycle. 

To make preforms of a given 
contour on a single-stroke press, 
only a single die set is required. 
This will include a die block 
containing one or more cavities, 
and a corresponding number of 
upper and lower punch sets. A 
single-stroke press will deliver 
up to 60 preforms per minute. 
Although multiple punches can 
be used on this type of press, they 
are not in general use because 
of high initial cost. 

Standard single-stroke presses 
apply the compacting load from 
one direction only. However, 
some special models compact 
from both directions, either by 
direct motion of both the oppos- 
ing sets of punches, or by the use 
of a floating die, which is forced 
against the stationary set of 
punches by the motion of the op- 
posing set of punches. 

Other special models use hy- 
draulic cushions to secure a slight 
dwell during the compacting op- 
eration. Such a dwell allows more 
time for the escape of air en- 
trapped in the powder, and also 
permits the material to flow easily 
through complicated die areas. 

Single-stroke presses are avail- 
able in capacities of up to 200 
tons; the largest size is capable 
of making preforms 28 sq. in. in 
area and weighing as much as 
21% lb. each at a speed of 45 or 
50 per minute. A 75-ton press has 
satisfactorily produced \%-in. di- 
ameter preforms at the rate of 
10,000 per min. in a 160-cavity 
die. 

The single-stroke presses are 
particularly well-suited to the 
needs of molders who have a 
wide variety of preform require- 
ments, because large and small 
preforms of various contours can 
be made with equal facility on the 
same machine, and because die 
changes can be accomplished with 
a minimum of downtime. 


Rotary presses 


Rotary presses are mechanically 
operated. They employ a numbe! 
of die sets, mounted on rotating 


MACHINERY AND EQUIPMENT 





EGAN EXTRUDERS 
[| with “Willert Automatic 


Temperature Control” 
available in sizes from 2” 
through 12’, vented or 
non-vented 


SHEET EXTRUSION 


Dies—up to 60” wide 
Three Roll Finishing Units 
Automatic Shears 
Automatic Stackers 


FILM EXTRUSION 
CHECK LIST Dies—up to 120’ wide 
Cooling & Take-Off Units 
Edge Trimmers 
Automatic Winders 


> Grate) BL hy VE Wale) ta porveTHYLENE 
IY <1 444°) 1) 5 CAMINATING 


[_]Laminating Dies—up to 
120” wide 
Single or Double Unrolls 
Laminating Units 
Edge Trimmers & Trim 
Disposal Units 
Surface or Center Winders 
Cooling & Circulating 
Systems 


LAYFLAT TUBING 
EXTRUSION 
{ ]Thin Wall Tubing Dies— 


up to 60’ diameter 


Cooling Rings 
Converging Take-Off Units 


__—up to 240” wide 
[_]Surface or Center Shaft 
Winders 


PIPE EXTRUSION 


CJ Dies—up to 8” diameter 
(straight or offset) 


Cooling Tanks 
Pullers—roller or belt type 
Coilers—with level wind 
Write, or Phone Rondolph 2-0200, For Complete Information 


FRANK W. EGAN & COMPANY 
SOMERVILLE, NEW JERSEY 


CABLE ADDRESS: EGANCO—SOMERVILLE (NJER) 


REPRESENTATIVES: MEXICO, D.F.—M.H. GOTTFRIED, AVENIDA 16 DE SEPTIEMBRE; JAPAN—CHUGAI BOYEKI CO., TOKYO. 
LICENSEE: GREAT ,BRITAIN—BONE BROS., LTD., WEMBLEY, MIDDLESEX. 





members. The material is com- 

= = pressed from both top and bot- 

aig andera tom, as the die cavity block and 

both the upper and lower punches 

of the die set move simultane- 

ously between revolving wheels. 

Ejection of the preforms is ac- 

complished by cam actuation of 
the lower punches. 

As in the case of single-stroke 
presses, charges for the rotary 
presses are volumetrically deter- 
mined. However, in the case of 
the rotary presses, the dies do 
not remain stationary for filling 
as they do on _ single-stroke 
presses. Instead, the cavity is 
filled by moving it underneath 
a stationary material feeder. 

Even with single-cavity die 
sets, production on a rotary is 
fairly high. In a single revolution 
of the die table, one or two pills 
are produced per die set, and 
there may be as many as 33 of 
these die sets on the die table. 

Rotary presses are available in 

For the capacities up to 100 tons. The 

working largest machine is capable of 

making 60 six-in.-sq. preforms 

of per minute. Special presses de- 

plastic ELIE | signed to accommodate multiple- 

cavity die sets have turned out as 

many as 4000 preforms per 
minute. 

Changing the die sets on a ro- 
tary press requires considerably 
more time than on a single-stroke 
press; however, molders find the 
rotary type of press to be eco- 
nomical for long production runs. 

For the molder to select the 
particular model and size of press 
that will best serve his needs he 
must have a clear understanding 
of three interdependent groups of 
factors: 1) production require- 
ments; 2) material characteris- 
tics; and 3) press limitations. 





Production requirements 


When the molder customarily 
produces a variety of end prod- 
ucts in relatively small quantities, 
he will usually find a single- 
stroke press best-suited to his 
needs, since such a press can ac- 
commodate a great variety of sizes 
of preforms, and, in addition, 
The Ruiaville Company swe only one die per size is required, 
whereas for a rotary unit, up to 
33 die sets per different size and 
shape would be needed. The 
molder who specializes in volume 
production of parts that requir 
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preforms of the same size and 
shape, such as a mass producer of 
buttons, collapsible tube caps, and 
closures of other types, will re- 
quire a rotary preformer. The 
higher cost of the die set tooling 
is justified in this case since it is 
amortized over many millions of 
preforms. Most custom molders 
find that they require both the 
rotary and single-stroke types of 
preformers, because of the diver- 
sity of products they manufacture. 

Production requirements, there- 
fore, should be among the first 
factors to be taken into account 
before making the final decision. 


Material characteristics 

Uniformity of density, thick- 
ness, and weight of preforms will 
depend partly upon the uni- 
formity with which the material 
is fed into the preform die cavity. 
This, in turn, depends partly 
upon the granulation, flow prop- 
erties, and bulk factor of the 
plastic material being fed. Ma- 
terials of different feed charac- 
teristics may demand the use of 
different types of presses. 

Granulation: The granulation 
of general-purpose materials does 
not usually raise any feed prob- 
lem. The occasional slight segre- 
gation of particles by size within 
the cavity is usually not serious 
enough to warrant the use of 
special devices to control it. But 
when the material is in the form 
of a fine powder or contains a 
high percentage of fines, air en- 
trapment may create a problem. 
This can be alleviated to some 
extent by increasing the clear- 
ance between die and punch or 
applying a vacuum to the die 
cavity. The slower-acting hy- 
draulic type of press will allow 
more time for air escape than the 
mechanical type, if other per- 
formance considerations do not 
outweigh this particular advan- 
tage. 

Bulk factor: The bulk factor of 
the material to be preformed is a 
very important determinant on 
the choice of the particular model 
of preforming press, for it in- 
fluences both the type of feed 
arrangement required and the 
depth of fill necessary on the 
press for efficient performance. 

On the basis of bulk factor 
alone, a quick choice may be 


made between standard machines 
and those designed to handle 
high bulk factor materials. Most 
standard machines are intended 
to handle general-purpose ma- 
terials with bulk factors as high 
as three to one. When equipped 
with special rotary feeding de- 
vices, they can be used with ma- 
terials having bulk factors as high 
as six to one. However, when the 
bulk factor is higher than that, 
special presses must be used. On 
the other hand, the type of ma- 
chine designed to handle high 
bulk factor materials would be- 
uneconomical for use with ordi- 
nary materials because of the ad- 
ditional expense factors 
are involved. 

The bulk factor not only affects 
the type of feed required on the 
press, but also may, in combina- 
tion with preform thickness re- 
quirements, determine the depth 
of fill required on the press. For 
example, if a material with a bulk 
factor of two to one is to be used, 
and a 1-in.-thick preform be 
made, a press with a 2-in. maxi- 
mum depth of fill can be used. 
However, if the bulk factor of 
the material is four to one, this 
preforming machine will not be 
satisfactory, as the maximum 
preform thickness would be % 
inch. In this case, to produce a 
1-in.-thick preform from the same 
material, a press with at least a 
4-in. maximum depth of fill is 
needed. 


which 


Press limitations 


Static pressure: The static limit 
of a machine is the amount of 
applied force which the machine 
will withstand without permanent 
deformation or damage. 

Power limitation: The power 
limitation is a little more difficult 
to understand, because it depends 
upon the primary driving motor 
of the press, the inertia of the 
moving parts, and the speed of 
operation. Basically, it can be ex- 
plained thus: In preforming, a 
definite expenditure of energy in 
the form of work is required to 
compact and eject a pill. This 
energy requirement varies with 
the depth of fill, the configuration 
of the die, the type of material 
used, and its condition. In addi- 
tion to the work required to make 

Continued on p. 986 
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Processing Behavior 
and Flow Properties 
of 
Thermoplastic Materials 
are Graphically portrayed in the 


PLASTOGRAPH 


Made in U.S.A. 





It produces a complete viscosity curve 
of plastic flow characteristics and re- 
cords the influence of plasticizers, 
stabilizers, fillers, etc. 


Now available in 3 models: 

Research Model — with any desired 
shear rate from 10 to 90 r.p.m. 

Two-Speed Model — 30 and 60 r.p.m. 

One-Speed Model — 60 r.p.m. 

Our list of satisfied users reads like 


a “Who's Who" in American indus- 
try: 


Minnesota Mining & Mfg. Co. 6 Plastographs 


U.S. Rubber Company 5 Plastographs 
American Cyanamid Co. 4 Plastographs 
Union Carbide and Carbon Corp. 

3 Plastographs 
B. F. Goodrich Chemical Co. 3 Plastographs 
Monsanto Chemical Co. 3 Plastographs 
E. |. du Pont de Nemours Co. 2 Plastographs 
General Cable Corporation 2 Plastographs 


The PLASTOGRAPH is available on trial and 
inexpensive rental. Write or phone for details. 


BRABENDER CORPORATION 


(Arthur Hartkopf, President) 
244 Saddle River Road 
ROCHELLE PARK, NEW JERSEY 
Telephone—Hubbard 7-0214 


983 





RUBBER and PLASTICS 


... designed and built by.. 


We engineer and build all types of individual production 
units and complete electronically controlled trains with 
all accessories for every Rubber or Plastics processing 
requirement. Our highly specialized engineering and 


production facilities plus the combined research and 
technical abilities of United Engineering and Foundry 
Company, and the manufacturing capacity of eight mod- 
ern plants, are at your service. 


PRESSES 


We build all types of presses for 
the rubber, plastics and plywood 
industries. Shown is a new 24” 
ADAMSON UNITED BARRE!, 
TYPE PRESS with transfer cyl- 
inder. This new press, an exclusive 
ADAMSON UNITED develop- 
ment, exerts up to 76% more 
platen pressure than conventional 
types without change in present 
hydraulic lines. Stock is transferred 
into the mold cavities through 
sprues which reduces cure time 
and flash trimming to a minimum. 
Sizes range from 12” through 32” 
with larger sizes available to spe- 
cification. | 


























COOLING DRUMS — er Peay 
and TURRET-TYPE WINDUPS eg uPmene. 


PRODUCTION UNITS — 


..... ADAMSON UNITED 





730 CARROL STREET : 
CES IN PRINCIPAL CliTl 
of United Engineering 
Company 


SALES OFFI 
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Subsi — meant 




















* Rotocure is o patented development of Boston Woven Hose and Rubber Co. 
and is built by Adamson United Co. under a licensing arrangement. 









es oe Teamwork 


Throughout the 
Plastics Industry 


Six control forms, plug-in com- When it comes to low-cost in- 
ponents, are among features that strumentation, Wheelco 290 Series 
make 400 Series Capacitrols leaders units present an outstanding buy 
in quality instruments. for many jobs. 


Here are a couple of familiar “faces”—you'll see them in all the 
best plants and on the finest injection molding, extruding, and 
forming machines built for the plastics industry. Such popu- 
larity isn’t any lucky accident—it’s strictly by design. 


Wheelco Capacitrols in both the 400 and 290 Series con- 
tinue as the top choices in plastics instrumentation because 
they offer these “plusses” to both plastics machinery builders 
and users: (1) Advanced designs that improve operations and 
simplify maintenance; (2) skilled technical assistance from 
Wheelco’s nationwide sales and service organization; and (3) 
training programs to assist your instrument technicians and 
supervisors. 


Want more facts—your nearby Wheelco field engineer 
has them. Be sure to ask him for Bulletin F-6485, “Capacitrols 
for the Plastics Industry,” too! 


BARBER-COLMAN COMPANY 


Dept. |, 1589 Rock Street, Rockford, Illinois, U.S. A. 
BARBER-COLMAN of CANADA, Ltd., Dept. |, Toronto and Montreal, Canada 
Industrial Instruments ° Automatic Controls ° Air Distribution Products 
Aircraft Controls * Small Motors * Overdoors and Operators * Molded 
Products * Metal Cutting Tools * Machine Tools * Textile Machinery 


the pill, an added amount o 
energy is used to deflect the stres 
portions of the machine and t 
overcome friction during the pel 
leting operation. The total energy, 
must be supplied by the drivin; 
motor; otherwise, a degenerat: 
cycle exists. 

Die area: The die area limit: 
the size of the die or the numbe: 
of cavities that can be placed in 
a single die in the press. 

Core rod placement: The limi- 
tation for the installation of core 
rods is a point not often consid- 
ered in the selection of preform 
equipment. Yet it is a decided 
advantage to be able to produce 
core preforms for use in compres- 
sion molding of certain types of 
pieces requiring many compli- 
cated die cavities. 

Feed arrangements: The grav- 
ity-feed hoppers with which most 
standard machines are equipped 
provide _ satisfactorily uniform 
feed with most general-purpose 
materials. However, special aux- 
iliary mechanisms, or even spe- 
cial presses, may be required 
with the high bulk factor ma- 
terials. 

Vibrators are sometimes used 
to facilitate loading of material 
that will not feed properly from 
standard gravity-type hoppers. A 
rotary type of brush feed mecha- 
nism is also available, for han- 
dling fluffy medium-impact ma- 
terials having bulk factors of 
between 3:1 and 6:1. For high- 
impact materials containing rag 
or canvas filler, and having bulk 
factors as high as 16:1, it is neces- 
sary that each preform charge be 
weighed, since no bulk measure- 
ment system will produce pre- 
forms which are sufficiently ac- 
curate as far as uniformity is 
concerned. 


EQUIPMENT FOR 
FOAMING URETHANE 








BY S. A. STEWART* 


Equipment for processing ure- 
thane foam products is currently 
available from several commer- 
cial sources. Various types hav: 
been in operation for several 
years and have proven their prac- 


*E. I. du Pont de Nemours & Co., I 
Wilmington 98, Del 
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ticability under production con- 
ditions. For convenience, the 
equipment may be divided into 
two categories. One type is used 
for continuous slab production 
and most of the foam today is 
made with this equipment. The 
second is the on-off type used to 
prepare individually molded arti- 
cles. While relatively new com- 
mercially, experimentation with 
this equipment has been under 
way for several years. 

The two basic mechanical prob- 
lems confronting a producer of 
urethane foam are: 1) metering 
the various raw materials accur- 
ately enough (less than 1% vari- 
ation) to reproduce the product, 
and 2) thoroughly mixing the 
ingredients without affecting the 
proportioning of them. 

The slab machines generally 
have a relatively simple material- 
flow circuit and a mixer that re- 
quires flushing. This, of course, 
results in a small amount of 
waste while the machine is start- 
ing and stopping, but it very effi- 
cient during operation. 

The “on-off” equipment was 
developed to: 1) enable a mixing 
device to be turned off and on 
at will with no material wastage; 
and 2) to permit the placement 
of exact quantities of foaming 
compositions into molds of vari- 
ous shapes. The process uses 
continuous, metered streams of 
the components which can be 
instantly diverted to the mixer or 
back to the reservoirs without 
affecting the accuracy of the 
metering. The mixer is designed 
to be self-cleaning with holdup 
being only a fraction of 1% of 
the total throughout. This sharp 
starting and stopping of the mixed 
material is possible and the waste 
between molds is insignificant. 


Continuous slabs 

Mechanically, the “slab” system 
consists of several large storage 
reservoirs proportionally sized 
for production runs of from per- 
haps 2 to 8 hours. The tanks feed 
directly to the metering pumps. 
Two types of pumps are used: 
gear types for pumping resin or 
prepolymers, and high-pressure 
pumps of the fuel-injection type 
for thin liquids. The various ma- 
terials are fed to the continuous 
Continued on p. 990 
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PREFORM 





PLASTICS? 


From 65 years of experience in 
processing industry equipment, our 


staff met the challenge of pro- 























AMAZING 
ADVANCES 
ACHIEVED 
THRU 


BONNOT’S 


SIMPLIFIED 
SYSTEM 
































@ TIRED HANDS REPLACED 
BY CONTINUOUS MACHINE 
METHODS 


viding a system for feeding, pre- 
forming and sizing fibre reinforced @ IRREGULAR WEIGHTS RE- 


plastics and other thermosetting 


materials. 


Pretesting the problem 


in our 


PLACED BY ACCURATELY- 
CONTROLLED SIZING 


@ DIVERSITY OF PREFORM 
SHAPES THRU QUICK MACHINE 
CHANGES 


experimental department (as we @ CONTINUOUS OR INTERMIT- 


prefer to do as a basis of reliable 


TENT, SINGLE OR MULTIPLE 
DELIVERY 


machine applications) Bonnot 


evolved a low-cost system which 


@ HIGH FIBRE CONTENT ¢ MINI- 
MUM FIBRE DAMAGE 


pays the user a very handsome 


return on a really modest invest- 


@ EASY TO FEED « SIMPLE TO 
MAINTAIN 


ment. Outstanding features worth 


your study are listed at the right: 


SPECIAL MACHINERY DIVISION 


THE 


BONNOT 


COMPANY 


OHIO 



















@ LOW INITIAL COST — LOW 
COST REPLACEMENT — LOW 
OPERATING POWER 


PROVEN IN 
COMMERCIAL USE 
with 

highly-satisfied users 


Tell us your problems and 
requirements as fully as 
you can; we shall promptly 
follow through to see how 
we can best serve you. 


























NEW DEVELOPMENT 





DYNAMIC PREPLASTICIZER 
FAST INJECTION SPEED 


G. B. F. PLASTINIECTOR” 





world patent 











“PLASTINIECTOR 80" 
capacity: 4 oz. 
7 c. inch 








COSTRUZIONI MECCANICHE s.r.I. 


BRESSO (Milano)—lItaly 


World Distributors: 


COVEMA s.r.1.—MILANO (ltaly) 


Via Fontana 5—tel. 705.735—709.356 
cables: Covema—Milano 








ADVANTAGES: 

1. Uniform plasticizing and high injection 
rate at lower temperature. 

2. Total pressure directly on the material. 

3. Extremely fast injection. 


. Exact weight of each shot due to 
the volumetric injection of the 
preplasticized material. 


. Low injection pressure. 


. No change of container for the various 
materials and colours. 


. Automatic operation cycle regulable 
by timers and continuously controlled 


. Parts better in quality and uniform 
in size, also on large areas 
and on thin walled sections 





FELLOWS 


Fastest Automatic Machines 
in Each Capacity Range! 


In each of three capacity ranges, Fellows Injection Molding Machines 
are your key to extra profit through high-speed, reject-free, 
fully automatic operation. 





Built-in controls make set-ups fast and relatively simple. Difficult industrial or 
defense jobs as well as mass-produced consumer pieces, in practically all 
moldable resins, are produced at lower cost per part on 

Fellows machines than on any others. 


Get full information about Fellows 
Injection Molding Machines from your 
Fellows Plastic Specialist. Ask him, too, 
about the Fellows Plans for deferred 
payment. Just write, wire, or phone 

any Fellows office. 


MODEL | 3-125 | 6-200 12-350 
Rated Capacity 3-4.5 oz. 6-9 02. 12-20 oz. 
Max. Mold Size 12” x 17” 1S’ x Zi" 20” x 32” 
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Mold Locking Force 125 tons 200 tons 350 tons 

















Mold Opens 5”-8” 6”-9” 10”-20” 
Dry Run Cycles perhour | 600-840 490-650 600-800 

H.P. 20 40 
KW Heater Unit é 12 21 











Plasticizing Ibs. per hour | 45 | 75 











THE FELLOWS GEAR SHAPER COMPANY, Plastics Machine Division, Head Office and Export Department: Springfield, Vermont 
Branch Offices: 1048 North Woodward Ave., Royal Oak, Mich. @ 150 West Pleasant Ave., Maywood, N. J. @ 5835 West North Ave., Chicago 39 
6214 West Manchester Avenue, Los Angeles 45 








New Pierce JHW-2 


PLASTIC 
PIPE 
WRAPPER 


ENDS COIL HANDLING HEADACHES 
STOPS DAMAGE IN TRANSIT 


Specially designed to wrap cumbersome 
coils of plastic pipe or rubber hose. 


Automatically makes a tight, continuous 
spiral paper wrap—each overlapping layer 
firmly glued to preceding layer. 


Greatly reduces scuffing, scratching, goug- 
ing, cutting and tearing in shipment. 


Protects product quality—insures factory- 
fresh condition. 


Speeds packaging operation—saves time 
and labor. 


Automatic constant pressure guides. 


Single manual adjustment for coil size as- 
sures high production. 


Available on outright purchase or lease. 


Write or wire for full details 


PIERCE WRAPPING 
MACHINE COMPANY 


1100 E. 31st Street + LaGrange Park, Ill 





mixer, which is mounted on an 
automatic traversing carriage 
spanning 4 to 8 feet. This carriage 
is located at the head of an in- 
clined conveyor which is approxi- 
mately 60 ft. long and usually 
adjustable for declination. The 
upper end of the conveyor is 
arranged to confine the foaming 
mass in the form of a slab. From 
the conveyor, the foam is fed 
through a curing oven, the size 
of which is dependent on the 
foaming composition. After cur- 
ing, the foam may be slit to de- 
sired shapes and sizes. Equipment 
is available to do the slitting auto- 
matically. 


Automatic molding equipment 


Automatic molding equipment, 
on the other hand, is usually de- 
signed as a closed-cycle process 
in which the molds are heated, 
filled, heated, stripped, cleaned, 
and then returned to the starting 
point. The material reservoirs 
are, as in the slab process, sized 
for a convenient unit of produc- 
tion time, such as 2 to 8 hours. 
The various raw materials are 
fed to the metering pumps (gear 
type) and from there diverted 
either to the self-cleaning mixer 
or returned to the reservoir. In 
some cases, the flow-diverting 
valve is integral with the mixer. 
In others, separate external 
valves, combined with a distrib- 
uting block, are used to achieve 
the same end result. 

A traversing carriage is util- 
ized here also, but usually has 
a shorter stroke and faster speed. 
A trip switch is generally used 
to send a signal to direct the 
material flow to the mixer, and 
a timer can be used to signal 
completion of filling. The molds 
in the cycle are first coated with 
release agent, preheated, filled 
closed, kept warm for 3 to 15 min., 
stripped, cleaned, and then re- 
started on the process. 

Both the slab and the molding 
production units described are 
used primarily for manufacturing 
resilient foam products. Varia- 
tions of these are available for 
manufacturing rigid foam articles, 
including a spray-coating ma- 
chine that can apply one or more 
inches of rigid foam to surfaces, 
such as walls and ceilings, for 
insulation. 











to plastic packaging 
and plastic packaging 
materials suppliers: 


Can you answer 
these 4 questions 


Q. What’s the most effective magazine 
for advertising to men who buy pack- 
aging supplies? 

A. Judged by the votes of the men 
who should know best—the compa- 
nies and advertising agencies who 
back their opinions with advertising 
appropriations—Modern Packaging is 
far and away the most powerful and 
influential medium. In 1957, Modern 
Packaging carried the advertising of 
83% more packaging suppliers than 
the second-place publication! 


Q. What's the most effective magazine 
vides the greatest amount of helpful 
editorial material and how-to-do-it 
information for its subscribers? 

A. Modern Packaging routinely car- 
ries more than twice as many pages 
of editorial material as any of the 
other publications in the packaging 
field. 


Q. Which packaging magazine pre- 
sents the greatest volume of advertis- 
ing? 

A. In 1957 Modern Packaging car- 
ried 2,110 pages of advertising as 
against 1,070 for the second place 
publication. 


Q. Which magazine do buyers of 
packaging find most useful? 

A. At the 1958 Packaging Machinery 
& Materials Exposition, an independ- 
ently conducted survey of exposition 
visitors showed that Modern Packag- 
ing was voted “most useful” by a 
4-to-1 ratio over the second-ranking 
periodical. 


If you make anything that pack- 
agers buy, you'll want to know more 
about Modern Packaging as an ad- 
vertising medium: whom it reaches, 
how it stimulates buying action, how 
much it costs to deliver your sales 
messages in it. Just write to Adver- 
tising Department, Modern Packag- 
ing magazine, 575 Madison Avenue, 
New York 22, N. Y. 
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Exclusively Devoted to the Manufacture and Development 


of Bimetallic Cylinders and Integral Extruder Barrels 
Na SERVES THE NEEDS OF THE 
PLASTICS INDUSTRY...world-wide 
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Only Xaloy and Xaloy 306 can be centrifugally cast to close 
tolerances for every size extruder 


Whether you need a close tolerance with exacting micro inch 
finish or a special new design, you’ll find Industrial 
Research Laboratories ready to serve you. Xaloy is wholly 
devoted to the manufacture of the finest quality cylinders 
and liners for original and replacement equipment on all 
leading extruders. Industrial Research Laboratories is 
the only company engaged in advanced development work 
to meet the growing needs and individual problems of plas- 
tics processors. 


Write or phone to Industrial Research Laboratories for the 
fast, personal service of the men who produce Xaloy Bi- 
metallic Cylinders. 


Send for this new 
Xaloy Engineering Catalog. 


Division of Honolulu Oil Corporation 
961 East Slauson Avenue * Los Angeles 11, California 
Telephone: ADams 1-4374 








SQUARING SHEARS 


@® FOOT SHEARS 


Here is shear economy. Low initial cost. Lowest 
operating cost. Longer shear life. All can be yours 
with Famco Foot Shears. Available in widths 22” to 
nan 
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@ AIR SHEARS 


Famco air shears are simple to operate, and easy to 
use. All steel box design provides rigid support 
Rounded corner design eliminates sharp and pro- 
truding surfaces. Air shear mechanism consists of: 
pressure regulating valve; solenoid operated air 
valve; air filter and gauge; muffler and safety switch 
Cutting widths 36” to 72” 


COST CUTTING machines 


Cutting plastic is “duck soup” when you use 
Famco squaring shears. Constructed of all steel, 
these Famco shears have four-edged knives that 
can be reversed to give you four times the 
cutting life of single-edged knives. And what 
a selection! 22 standard models with cutting 
widths 22 to 72 inches. Where the standard 
model will not meet your requirements contact 
our engineering department for special shears. 
If you want shear accuracy and speed, select a 
Famco. 


@ PNEUMATIC SHEARS 


This hi-speed line of Famco shears gives you fast, 
clean cutting action. Equipped with pneumatic fric 
tion clutch and brake, this line of shears requires 
less maintenance and offers users greater accuracy 


Available in cutting widths of 36” to 72” 


@ POWER SHEARS 


Powerful, smooth and rugged. These shears have 


the exclusive Famco “Electromatic” clutch 


9-point jaw clutch providing the instant action of 
electrical operation, provides unparalleled shear 


efficiency. Available in widths 36” to 72 


Send for the Famco Squaring Shear Brochure now. 


AIR PRESSES 


double acting 


Famco double acting 
Gir presses are 
designed to give users 
greater flexibility 

and accuracy. Rugged 
and powerful, these 
air presses incorporate 
every feature needed 
to give you greater 
production at lower 
costs. 15 different sizes 
to select from, either 
bench or floor type. 


te 


co machine company 


single acting 


Precision-built Famco 
single acting air 
Presses are designed 
especially for 
continuous industrial 
operation. Designed 
to perform hundreds 
of operations 

28 different models 
available either 
bench or floor type 
with single or double 
electrical controls 


Bg 


Write for Famco Air Press brochure. Sie 


3140 Sheridan Road * Kenosha, Wisconsin 





these thermati DSurion’ extruder 


features mean higher production on every job! 


Simplified one piece 
cylinder with 
integrally cast-in 
Xalloy liner. 


Extra large capacity 
stainless steel 
hoppers. 








New stronger head 
clamp. Simplified 
opening and closing of 
head with positive 
safety shear pin 
arrangement. 





Improved hinged head 
support swings 
completely clear of 
the front of the 
extruder. 





Heaters and 
controllers completely 
wired for fast 
inexpensive 
installation. 





Damper arrangement 
provides several 
gradients of natural 
draft cooling. 
Blowers provide high 
circulation for 
stubborn cooling jobs. 


Air-tight oven effect 
adjustment by new 
second set of dampers 
for high temperature 
extrusion. 











Screw flight extends 
back beyond the feed 
throat opening for 
improved powder and 
granule feeding. 


Access opening allows 
easy replacement of 
bronze feed throat 
bushing. 








Four-spline screw 
drive eliminates the 
eccentric screw 
rotation of a single 
key drive. 


Labyrinth oil seals — 
simple non-wearing 
design. No oil seals 
or rings to replace. 





Helical gearing — 
smooth, efficient, 
free-running. Greatly 
increased horse- 
power capacity. 





Higher thrust bearing 
capacity. Extra-heavy 
separate thrust and 
radia! bearings handle 
their respective loads 
individually to meet 
constantly increasing 
production 
requirements. 





Tapered drive end of 
stock screw positively 
centers screw and 
simplifies removal. 





Gear type oil pump, 
positively driven from 
input shaft, 
lubricates all bearings 
and gears regardless 
of speed. 








Built-in direct drive 
stock screw electric 
tachometer. 


Greater cylinder lengths standard on all extruder sizes with optional 

L/D ratios available. 214”, 314”, 414”, 6” and 8” models available. 

q The New D-S thermatic Series Extruders will outproduce — size for 

\/ size — any other extruder on the market today. For complete specifica- 
tions and details write to: 


DAVIS -STANDARD 


Division of FRANKLIN RESEARCH CORPORATION 





Patented 16 WATER STREET, MYSTIC, CONNECTICUT 


'N CANADA CONTACT E. V. LARSON CO. LTD., 572 QUEEN STREET EAST, TORONTO 2, ONTARIO 
N EUROPE AND THE STERLING AREA CONTACT FAWCETT, PRESTON & CO. LTD., BROMBOROUGH, ENGLAND 
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THERES AN HPM FOR 


INJECTION — COMPRESSION — TRANSFER — LAMINATING - 


ed 





H-P-M MODEL 450-HV-20 /28 


Full Hydraulic Mold Clamp 


Choose the method best suited to your needs, then select 
Large Platens With Plenty of Stroke and Daylight Y 


an H-P-M press to do the job! A pioneer in the manufacture 
of plastic molding machinery, H-P-M offers plastics ma- 
chines for every application—injection, compression, trans- 
Manifold Valve System Reduces Hydraulic Piping fer, laminating and reinforced plastics—machines designed 
Overhead Oil Tank to meet the most exacting demands of modern plastic 
New Hydraulic System Incorporating Flange molding. There’s an H-P-M plastics engineer as near as 
Mounted Heavy-duty Pumps your telephone—call him today. 


Over-Capacity Heating Cylinders 


Greater Horsepower With Faster Injection Speeds 


SPECIFICATIONS 


ees Eee Eee 
Long Stroke 
300 450 800 800 1500 
Model HV HV HV HV H 
| 12/16 | 20/28 | f ‘| 48/64 _| 48/64 | 80/100 
Material Injected Per Cycle (oz.) __ | 12-16 _} 20-28 | si 48-64 48-64 __}| 80-100 
Material Injected (Cu.In.Per Min.) 1130 __ | 1450 | 10 | 2800 | 2800 | 3320 
Plasticizing Capacity (Lbs. Per Hr.) __|_135 | 200 | } 300 | 300 | 400 
Mold Clamp Capacity (Tons-Max.) 4a 300, | 450 | _ jf 800 | 800 | 1500 
Platen Size (In.)_ __| 30x33 __ | 36x42] 18x. I 55x55 ; (55x55 | | 72x72 | 
Clearance Between Tie Rods (In.) 15 ¥4x15%_ }17x20% | 21x27 }302x30'2 36 %x36% 136%x36% | 48%2x48% 
Daylight Opening (Max.) 
Without Ram Spacer (In.) _ 25 | 30 40 50 me fe eo 106 
Daylight Opening (Max.) | 
With Ram Spacer (In.) 21 26 34 42 76 94 








Mold Thickness (Min.) w/o Ram Spacer (In.) 10 10 15 a a 20 | 20. 30 | 46 
Mold Space (Min.) With Ram Spacer (In.) 6 6 = mae 12 7 7 22 -_ 34 
Clamp Travel (Max.) 15 20 | 2 | 30 . Be 60 
Motor Horsepower 30 45. | i | 


Shipping Weight (Ibs.) 16,500 |} 27,000 14,000 T 98,000 


ee ee ee re 





























NOTE: All injection copacities specified above are for general purpose polystyrene 





EVERY MOLDING JOB 


REINFORCED PLASTICS 


H-P-M MODEL 450-P-80 


LAMINATING 
ep ye _  PREPLASTICIZING INJECTION MACHINES 


Glee oe EXTREMELY FAST... . , 
ing laminated material. EXCEPTIONALLY HIGH INJECTION RATE... 
Built to customer's re- 


quirements. EACH SHOT EXACT IN WEIGHT 


A completely new design concept in preplasticizing makes possible 

: the production of minimum weight parts with absolute control over 
REINFORCED , shot weight. This is accomplished by the combined operation of a 
A complete line of stock — new type three-way, rotary material control valve and an adjustable 
poe Soe, ee stop nut. They are ideal for filling deep, thin-walled sections or 
tor mahdion ee Me ws tte > large areas that must be filled rapidly. Parts are better in quality 
tics. Larger sizes built to and uniform in size and weight. 


order. Write for Bulletin 
No. 5404! 





SPECIFICATIONS 





200-P| 450-P | 650- 
Machine Model | 28 | 80 | 140 | 200 
Material Injected 

Per Cycle (Oz./Max.) J 28 80 140 | 200 
TRANSFER Clamp Tonnage 200 | 450 | 650 | 800 
Stock sizes 100, 200, 300 and Se agp ze - ' 


500 tons. Larger sizes up to Plasticizing Capacity 


2500 tons built on special __(Ubs. Per Hr.) 80 200 300 | 300 
eee Mold Space (Max.) (In.) 20x42 | 30x48 


| Daylight (In) | 25 | 40 | 50 | 8a 
COMPRESSION Mold Thickness (Min. 


Stock sizes 1100, 200, 300 and Without Spacer) (In.) iJ 10 S_ | 20 | 30 46 
500 tons. Larger sizes to 
2500 tons built rm oni Stroke (In.) 15 25 30 54 60 


— J : 
order. Write for Bulletin No. | Rate of Injection (Cu. In./Min.) | 1350 | 1530 | 2510 | 5300 | 6640 
oe : Horsepower 50 | 75 |107%| 227 | 275 


























Note: Machines can be equipped for higher speed injection if desired 


THE HYDRAULIC PRESS MFG. COMPANY 


A DIVISION OF KOEHRING COMPANY e MOUNT GILEAD, OHIO, U. S. A. 
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exrr.trort \TRUDERS 


For Your Laboratory 


¥,"’ dia. Killion Extruder 


For bead seal, blown film, filament and tubing 
Capacity: 5 to 6 Ibs. per hour 

16:1 or 20:1 barrel 

Controlled electric heat 

Water-cooled hopper 


Vari-Drive 


For Your Shop 


3%” dia. Killion Extruder 
Capacity: 150 to 200 Ibs. per hour 
16:1 or 20:1 barrel 

Control panel 

Custom-made screws 
Xaloy-lined barrel 


Vari-Drive 





You save with Killion Killion Extruders are available in 9/4”, 1%2”, 22”, 32” and 41/2” sizes. 


‘ 


because Killion Extru- Also available are extruder accessories, take-offs, wind-ups and dies. 
ders contain no fancy 


For full specifications and prices write: 
frills, no extra gadgets 


ond no extra costs. ES TL. LT. TOMT toot & manuracturine 0. 


56 Depot Street, Verona, N.J. 











Mi oO d e I K- a in operation 


¢ Completely Self-contained Unit — Make FINE 
Water Connections, Bring Power Supply eee 
to Main Control Panel and Machine is performance 
Ready to Run 
© Totally Enclosed Powder Feed assured 
e Extra Large Platens —20” x 22” 
e Large Plasticizing Capacity operate 
ceae ee Ger Sy Reasonably priced 
e Fully Hydraulic Clamp with Low ' yP 
Pressure Close for Mold Safety Automatic prepack 
¢ Totally Enclosed Water Cooling System 
e Hydraulic Adjustment on Nozzle 


e 600 Cycles per Hour a i Write today for 
iti bulletin on the 
’ u 
¢ Positive Alarm System (@ ae 


Easy to set up and 








| AATTIA 
DE MATTIA MACHINE and TOOL CO. Sct 


CLIFTON, NEW JERSEY— NEW YORK SALES OFFICE: 50 CHURCH ST. 
Cable Address: Bromach, N.Y. 





VACUUM 
FORMING 
MACHINES 





COMET LABMASTER 


Automatic Double Platen 


Drape and Vacuum Mold- E ad Sheet Plastic Forming 


ing Machine. Permits full 


mm” treet Hl Of Products 
e Skin Packaging _ 
e Blister Packaging 


Many parts and products now made from met- 
al, wood, fibre and glass can be produced in 
Plastic by Comet Vacuum and Blister Forming 
at col savings. 


Comet Skin Packaging of products has been 
found to be the answer to High Speed, Low 
- Cost Visual Packaging. 


COMET STAR . oR: : It will be to your advantage to consult with 
napbac orming, Pressure rorming, : . 
Mechanical Forming, Light Trimming, egy! engineers on cutting costs on parts or 


all a into one machine. products and the most modern packaging 


There is a Comet model to meet every re- 
quirement. 


INDUSTRIES 


’ 9863 Franklin Avenue + Franklin Park, Illinois 


COMET LABMASTER (Model 1420) 


Close-up view of single platen labora- 
tory and sampling machine. 


COMET ROTARY-VAC 
Three station vacuum forming machine for high 
COMET METEOR AUTOMATIC production. 
Economical Drape and Vacuum Form- COMET QUICK-PAK 
ing Machine. Completely ft ti Fully automatic skin packaging, blis- 
for Vacuum Forming or Skin Packag- ter and vacuum forming in a compact, 
ing. easy-to-operate unit. 


Vacuum, Drape and Snap-Back Forming. Oper- 
ator loads and unloads at one station — all 
other operations fully automatic. Also available 
with male assist. 








INDUSTION HEAT, with the Kullgren temperature 


control system, has these advantages: fast heat-up 
(to 400° in 20 minutes), low-cost operation at high 
temperatures, quick cooling, and “on-the-button” 
control. 


HIGH PRESSURE screw and cylinder with all parts 


designed for long life at operating pressures up to 
10,000 psi. 


QUICK OPENING HEAD maintains a tight seal at 
the maximum pressures of 10,000 psi. 


HIGH SPEED for increased production (150 rpm 
on a 34-inch screw). All gearing and bearings 
designed for high-horsepower drives. 


PRESSURE CONTROL by means of screw orifice 


can be adjusted continuously, manually or automat- 
ically, while running. 


QUALITY ... better quality and increased produc- 
tion result from the use of CONTROLLED HIGH 
PRESSURE dies and extruders. New plastics coming 
on stream will emphasize the advantage of HIGH 
PRESSURE EXTRUSION. 


Aetna-Standard is currently delivering high pressure 
induction-heated extruders and dies. These machines 
are available in all standard sizes in addition to the 
well-known line of standard extruders, 


Sales and Engineering 


HALE AND KULLGREN, INC. © AKRON, OHIO 


ELINA 


ENGINEERING COMPANY 


i “Loy 





TURNTABLE UNITS FOR AUTOMATION 


For speed and flexibility, an 
automatic turntable unit is avail- 
able with all Sealomatic sealers, 
in 46”, 60” and 72” diameters, 
adjustable for 4, 6, 8, 12 and 24 
stops per revolution. Available 
with any Sealomatic press or 
can be fitted to your present 
equipment. Data Sheet T.T. 


il, 


DUAL UNITS FOR 
FLEXIBILITY OF OPERATION 
Here is a major step forward in 
economy of operation—one gen- 
erator with two presses... min- 
mum investment in equipment, 
yet extra production when you 
want it. Ask for Data Sheet D.U. 


ie. 


FOR EVERY POWER REQUIREMENT 
Sealomatic standard models are 
available in capacities from % 
KW up to 30 KW to weld, cut, or 
emboss flexible, rigid, and foam 
plastic products. Our engineers 
will analyze your sealing prob- 
lem and recommend the unit that 
best meets your needs. 


SEALOMATIC 


ELECTRONIC 


HEAT SEALING MACHINES 


wy 


AUTOMATIC INDEXER 
FOR FASTER OPERATIONS 
Automatically feeds, seals, in- 
dexes and winds up sealed vinyl 
sheeting. It is available with any 
Sealomatic press or can be fitted 
to your present equipment. 


> 


POST GUIDED PRESSES 

FOR EXTRA LONG SEALS 
A unit specifically designed for 
long, difficult seals, such as rain- 
wear, pool liners, beach items, 
tarpaulins, mattresses, etc. Seal- 
omatic’s new and exclusive level- 
ling mechanism assures uniform 
pressure on the table. Tables up 
to 96” long and generators to 
30 KW available. Ask for Data 
Sheet P.G. 
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429 KENT AVE. 2019 E. 
BROOKLYN 11, N. Y. LOS ANGELES, CALIF. 
EV. 8-9413 VA. 
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ST. 1362 JEAN TALON 


CRESCENT 4-8274 


REPRESENTATIVES IN ALL MAJOR CITIES AND MEXICO 


MONTREAL 35, P.Q. 


FOR SPECIAL APPLICATIONS 
Units for lampshade sealing, 
automatic feeding from rolls, for 
applique work and three-dimen- 
sional sealing and many other 
individual specifications avail- 
able and built to order. 


CUSTOM BUILT UNITS 
TO YOUR SPECIFICATIONS 


Sealomatic’s long experience in the field 
and extensive facilities enable us to de 
sign and build any model to meet you: 
exacting specifications. 








Elmes® plastics and rubber molding equipment is 

backed by a century of engineering experience 

Conia —with more than 60 years in the specialized field 

and TRANSFER =r ydraulics. Elmes presses are renowned for their 

MOLDING high productivity . . . their ease and convenience 

PRESSES of control, dependable performance, unsurpassed 

economy of operation. Whether your job requires 

Wide a standard Elmes design, or a unit custom-built 

Range of to meet special conditions, an Elmes Press is always 
Capacities “‘Job-Fitted”’ to suit your production—exactly. 

Re rea For press performance that builds profits — con- 


Needs tact your Elmes Distributor, or write us direct. 


This typical standard design molding 
press is adaptable to practically any 
kind of molding problem with no changes 
other than dies and control settings. Con- 
venient pushbutton panel; pushbutton Are your requirements special? 
pneumatic reset of lower knockout; auto- Special design 200-ton Transfer Press 

matic position slow-down; extra large “Job-Fitted"” for versatility, operating 
die space; many other features. Com- ease, safety. Molding area protected by 
pressidh presses from 50 to 1000 tons. doors; pushbutton selection for type of 


tAin-Powered operation; run-out table with stripping 
cylinder for outside placing of inserts. 
HYDROLAIR® PRESSES , iia 


PITTI LIM ia LLL Lut Small, economy hydraulic presses 


All Eimes Presses are “Job- 
Fitted”. . . built in standard 


powered by shop air line—no a 
pressure epplicetions— pumps or motors. 30, 50, 75 and Alr-Ballasted 


or with modifications of 100-ton models hand-lever oper- ACCUMULATORS 
standard designs, or as ated (as illustrated); 50-ton also Today's best means for 
“eystom-built” units, where available with electrical control. storing liquids under pres- 
Ideal for small-press users in plas- sure for group press oper- 
tics or rubber molding, laminating, ation. No internal moving 
work requirements. compacting, assembly, laboratory parts, no packings, no 
test work, etc. leakage. Compressed air 
ballasting eliminates line 


HOT-PLATE shocks, permits pressure 


j regulation. Made for all in- 
Molding Presses dustrial pressures and 


Complete line of presses for capacities. 
hot-plate molding. Illustrated is 
450-ton model equipped with Al 
P P : A so 
six single-acting cylinders set 
into press bed unrestrained. Presses for 
ee Rams bear against finished REINFORCED 
7° ; pads under the moving platen. PLASTICS 
ar Pushbutton control. System is MOLDING 
- . ? & a) el arranged to permit actuating and 
only the two center cylinders RUBBER 
if desired. High closing speed, MOLDING 
moderate pressing speed with 
dual-pressure pump. 


necessary to meet unusual 


AMERICAN STEEL FOUNDRIES ol mS ENGINEERING DIVISION 


1153 Tennessee Avenue, Cincinnati 29, Ohio 
METAL-WORKING PRESSES © PLASTICS MOLDING PRESSES © PUMPS * ACCUMULATORS 





























SCRAP GRINDERS 


Standard Beside-the-Press—Five Sizes 

Pipe Grinder 

Lump Grinder 

Feed Roll Machines for Continuous Feeding 

Trim Grinders for Trim from Extrusion 

Attrition Mills for Fine Grinding of Rubber 

Sheet Grinders 

Automatic Scrap Re-loading and Blending Equipment 


MATERIAL HANDLING 


Compressed Air Loaders 

Vacuum Loaders for Dust-Free Operation 

Special Loaders for Powdered and Dry Colored Materials 

Complete Material Handling Installations for Distances Over 100 Feet 

Pneumatic Blending and Loading Equipment for Two or Three Compo- 
nents 


DRYING EQUIPMENT 


Hopper Dryers 

Leak Proof, Tray Type Ovens 

Continuous Dehumidifiers (Also for Room Drying) 
Humidity Control Systems 

Complete Drying Systems for Control of Moisture in Nylon 
Moisture Testing Equipment 


EQUIPMENT FOR COMPRESSION MOLDERS 

Rotary Compression Molding Machines 

Automatic and Semi-Automatic Flat Bed Presses 

Phenolic Automatic Loading Systems for Presses and Preform Ma- 
chines (Dust Free) 


LL 

















Mectiner 
and 
equipment 
available 
through 
the 
Rainville 
Company, 
Inc. 


















Electronic Pre-heaters 


FOAM EQUIPMENT 


Expandable Polystyrene - Complete Installations 
Belt and Steam Pre-Expanders 
Mold Holding Presses 
Automatic Cycling Equipment for Steam and Water 
Pneumatic Hopper Loaders and Special Mold Loaders 
Foam Scrap Grinders 
Electric Steam Generators 
Foam Equipment - Polyurethane or Polyether 
Basic Foaming Equipment for: Intermittent Operation, Continuous 
Slabs, Foam-in-Place, Spraying and Flexible Foam Scrap Grinders, 
Polymer Temperature Control Systems 


INJECTION MOLDING AND EXTRUSION EQUIPMENT 


(In Addition to Scrap Grinders, Material Handling, and Drying Equip- 
ment) 
Injection Machines - 2 to 20 oz. Capacity 
Extruders with Various Take-Off Arrangements 
Drum Tumblers 
Extruder Cut-Off Saws 
Refrigeration Systems - Individual and Plant 
Weigh Feeders 


MISCELLANEOUS EQUIPMENT 


Air Compressors 
Magnets for Contamination Contro! 
Mold Temperature Control 

Oil Purifiers 

Printing Equipment for Molded Items 
Silicone Mold Release 
Surface Pyrometers 
Vacuum Forming Equipment 












































“lhe Katnuille Company YER 657 FRANKLIN AVE., GARDEN CITY, N.Y. 


National Representatives 





OFFICES IN: New York, N. Y.; Framingham, Mass.; Philadelphia and Franklin, Pa.; Detroit, 
Mich.; Chicago, Ill.; Dayton, Ohio; St. Louis, Mo.; Dallas and Houston, Texas; Minneapolis, 
Minn.; and Los Angeles, Calif. 


CuMBERLAND 


Plastics Size-Reduction Machinery 


Cumberland “Stair-Step” Dicing Machines 


For dicing the full range of 
thermoplastic materials. 

Cubes 1/16” to 1” pro- 
duced from plastic sheet or rib- 
bon stock. Pellet sizes altered 
merely by changing knives. 
Cubing is done in one severing 
operation with rotor knives 
cutting against one bed knife. 

All surfaces contacting plastic 
materials are of corrosion- 
resistant metals. 

Two sizes of machine avail- 
able to handle sheets up to 7” 
and 14” in width. 











Cumberland Model 20 Granulator 


This heavy-duty steel machine 
with 9" by 20” throat opening 
is suited for granulating tough 
plastic materials in the form 
of slabs, bleeder scrap, cylinder 
purgings, heavy cross-sectional 
parts, etc. 

Frame and cutting chamber 
are of thick weldments with 
deep welds. Rotor and seal rings 
are heat treated and ground all 
over to provide tough, undam- 
ageable parts. Hardened sur- 
faces preserve new appearance. 

Machines resist wreckage. All 
inner surfaces are ground 
smooth to provide ease of 
cleaning. 





Cumberland Pelletizing Machines 


A versatile machine designed 
for use as a pelletizer, chopper 
or dicer. As a pelletizing ma- 
chine: cuts multiple extruded 
strands of plastic material into 
cylindrically shaped pieces or 
cubes for use in molding or 
extrusion machines. As a 
notched knife dicing machine: 
handles principally vinyl sheet 
stock. A less expensive dicing 
machine although less universal 
than the Cumberland “Stair- 
Step” Dicer. As a chopping ma- 
chine: efficiently cuts rubber 
and vinyl slabs into small 
pieces. 

Available in two sizes to 
handle stock widths up to 14” 
or 24”, 


Four New Cumberland Beside-The-Press 
Machines 


Large throat openings — 12” 
sO, Oe = tz, iz 2 2. 
815" x 16” — characterize these 
four new beside-the-press gran- 
ulating machines. 

New knife design and slow 
rotor rpm provide better gran- 
ulation, and at the same time 
yield quiet operation. Clean 
cutting is assured throughout 
the complete range of thermo- 
plastic materials from softest 
polyethylene and vinyls to hard 
and tough nylon, Cycolac and 
Kralastic. 

Quality construction, rugged 
as all Cumberland machines, is 
entirely of steel weldments. 
Advanced design leaves all 
working parts readily accessible 
for cleaning and adjustment of 
knives. 

Minimum floor space is re- 
quired — for all models. 


OTHER GRANULATING MACHINES 


For Central Granulating and Use Beside the Injection Press 


CUMBERLAND MODEL 0 —V-Belt or Direct 

For use beside each injection molding machine. Also 
for laboratory and miscellaneous uses. 

Motor: 112 or 2 h.p. Throat: 334” x 514” or 53%” 
x 515 


CUMBERLAND MODEL '2 — V-Belt or Direct 
For use beside each injection molding machine. Also 


for laboratory and miscellaneous uses. 


Motor: 3 h.p. Throat: 4” x 812” or 612" x 734” 


CUMBERLAND MODEL 1'2 — Direct Coupled 


For central granulating use. 
Motor: 10 h.p. Throat: 5” x 12” or 8” x 11” 


1 


Cumberland 


- ENGINEERING COMPANY, INC. 


FOREIGN LICENSEE 


South America. 


CUMBERLAND MODEL 10—V-Belt Drive 
For use principally beside the injection press. 
Motor: 3 or 5 h.p. Throat: 6” x 10” or 10” x 10” 


CUMBERLAND MODEL 18 — Direct Coupled 
For central granulating use. 
Motor: 20 h.p. Throat: 5” x 18” or 8” x 18” 


SPECIAL LARGE THROAT MACHINES 


For vacuum formed reclaim and heavy purgings. 
Motor: 25 through 100 h.p. to suit application. Throat: 
From 13” x 3712” through 24” x 60”. Intermediate 
sizes available. 


B X 216, PR VIDE Ck RHODE 
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California Representative: West Coast Plastics Distributors, Inc 


8510 Warner Drive, Culver City, Calif 





Burtonwood Engineering Company, Ltd., Burtonwood, Warring- 
ton, Lancashire, England——-Sole Manufacturers and Distributors outside North and 








MARVEL Synclinal FILTERS 


pr 
For Hydraulic Oils, Fire-Resistant Fluids, 
Coolants, Lubricants and Water 


For either sump or line installation on all hydraulic and other low pressure circulating systems. 


Both types are easily disassembled, thoroughly cleaned and reassembled in a matter of minutes. Line 
type operates at full efficiency in any position and may be serviced without disturbing pipe connections 


Choice of OVER 800 O. E. M.’s as Standard Equipment 
MEET J. 1. C. STANDARDS 


* SUMP TYPE 


SUMP TYPE ENGINEERING DATA 











Sue 


Mode! Ope | GPM 





-%-5 225SSsu 


= 
0-4-8 3 . 
| 





€-1-10 

8-1 '4-20 

A-1' 2-30 | 
A-1')-50 | , ; 

A-2-50 | 2 | 0 100° 
A-2'2-75 | 2% | 7s | 100" | Mone 
A-3-100 } ) 100° Monel 


100 














*Stendard Mesh (other ovaloble mesh ures range from coarse 30 to fine 200) 
SUMP TYPE DIMENSIONAL CHART 
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Sump Type 
(Cutaway) 








PARTS 1. Coupling 3. Reinforced Synclinal Insert 5. Exponded Metal Protective Housing 
LIST 2. Top Cover 4. Bose ond Perforated Centering Tube 6. Neoprene Washers (Top and Bottom 








Pressure 
Mesh Element Orep 









































Line Type 
(Cutaway) A ‘ ty Ave 


LINE TYPE DIMENSIONAL CHART (4+) 


LINE TYPE 
LINE TYPE ENGINEERING DATA (#:) 
Medel po Gorm 

ME.“ -S - ' . 

"0. 4-8 ‘ P o 75 
~ se 1-10 ' 10 ° 

uB.1%.20 % 20 ' ° el 2 
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Medel 7. 8 





%" 


8.1% -20 
NA-1%-30 6% 
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"Since Marvel Synclinal Line Type Filters con be set any position, this 
clearance space need not be below she filter. if the filter is ploced 


vpword instead of downward, then the clearance space would be needed 


PARTS LIST S. Perforated Centering 


1. Outer Housing Tube and Base 

2. Tension Spring 6. Reinforced Synclinol 
Insert 

3. Metal Washer 

7. Expanded Metol Pro 


4. Neoprene Gosket tective Housing 


Ss 
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~ 

















B.Neoprene 11. Head Casting 
Washers (T 
Bottom) 

9. Top Cover 


10. “O” Ring (Large) 
For Head Casting 


12. "O" Ring (Smoll) 
For Hand Nut 


e282 8&8 8s eo ove 


13. Hand Nut 


(**) 75 and 100 G.P.M. capacity Line Type Filters also available. 
See catalogs for Dimensional Charts and Engineering Data. 
as ¢ ‘taining Complete Data Availabl« n Request 
Catalog #108—For Hydraulic Oils—Coolants—Lubricants 
Catalog #200—For Fire-Pesistant Hydraulic Fluids (Aqueous base) 
Catalog #400—For Fire-Resistant Hydraulic Fluids (Synthetic) 


Catalog #301—For Water 


MARVEL ENGINEERING COMPANY 





7227 N. Hamlin Ave., Chicago 45, Ill. PHONE: Juniper 8-6023 
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injection, compression and transfer molding, 
preforming and vacuum metallizing 
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Stokes Truly Automatic Injection Molding Machines. The 
2-ounce Model 701 molds, de-gates, ejects and sorts 
automatically without operator attention. Positive 
nozzle shut-off eliminates “‘drooling’’, permits full- 
pressure prepacking of injection cylinder for uniform 
plasticizing. Positive ejection, 34% second dry cycle, ® 
simplified die set-up. Available in 2 to 6 ounce capac- 
ities. Bulletin 565. 


tats eh ereen 
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i Stokes Fully Automatic Compression Molding Presses pro- 
vide highest attainable molding economy plus preci- 
sion and flexibility. The Model 741 is available in 50, 

75, 125 (illustrated) and 200 ton models. Other Stokes 
automatic presses include Model 800 in 15 and 25 ton 
sizes, Model 725 in 25 ton size, and Model 742 * 
closure presses in 50 and 75 ton capacities. Catalogs 
200, 201 and 202. 
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Stokes Vacuum Metallizing Systems are 


Stokes Preform Presses, such as the Model 


ivailable in 24-, 36-, 48-, and 72-inch 


strated) modeis. Imparts brilliant, 


294 shown here, are available in a choice 
of 4 single-punch models, 8 rotary types, 


Stokes Semi-Automatic Compression and 
Transfer Presses are fast acting and reli- 
able. Compression and transfer presses 


are available from stock in 50-, 100-, 
200-, and 300-ton sizes (200-ton press is 
shown). Transfer presses have either 
top or bottom plunger with 19-, 24-, 40-, 
and 50-ton force. Catalog 240. 


ng-lasting metallic finish at minimum »lus 50 ton and larger hydraulic models. 
Opaque coating permits use of scrap echoes are made in the range from 
p c. No buffing or polishing required small button sizes to those weighing as 
al parts. Efficient vacuum system much as 10 pounds. Catalog 509. 
specds production ... up to 4 cycles per 
Catalog 780. 





For data, request the catalogs listed with the specific 
equipment. For application and information assistance, 
call on the Stokes Advisory Service. 


Plastics Equipment Division 
F. J. STOKES CORPORATION 
5519 Tabor Road, Philadelphia 20, Pa. 
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Important Facts 
About the $12. Billion 


Packaging Mark 


PRACTICALLY ALL PRODUCTS are pack- 
aged. It’s almost easier to count the 
industries that don’t package than those 
which do. That’s why the packaging 
market is horizontal . . . includes the 


thousands of companies that make 
products of all kinds that are pack- 
aged for shipment or sale. 

Packaging is in fact so integral a 
part of business as a whole that it ex- 
pands as business expands. In 1954, ac- 
cording to the U. S. Department of 
Commerce, the value of materials, sup- 
plies and services used in packaging 
the nation’s output stood somewhere be- 
tween 12 and 15 billion dollars. And 
as the national output of goods in- 
creases each year, so does the demand 
for packaging, packaging equipment 


and related supplies. 


What the Market Uses . . . and Buys 


The range of America’s products are 
as wide as our ingenuity. And the vari 
ety of containers is equally broad. De- 
pending on the nature of the prod- 
uct, its package can be a bag, barrel, 
bottle, box, can, carton, chest, crate, 
capsule, drum, envelope, jar, tube, vial 
or wrapper. 

Often a package will be a composite 
of several of these forms and will use 
adhesives, 


many materials: 


cor k, 


wood, paper, plastics, tape, and wax. 


coatings, 
fabric, film, foil, glass, ink, 
To make these containers—and fill 
takes bag 
box machines, 


them machines, bottling 


equipment, capping 
equipment, cartoners, conveyors, coun- 
ters, die-cutters, filling machines, la- 
belers, printing presses, s¢ ales, slitters, 
staplers, stitchers, unscramblers and 
vibrators. And they may also require 
such additional services as embossing, 
fabricating, laminating. plastic mold- 
ing, and contract packaging. 

All of these containers, materials, 
supplies, services and machines are 
part and parcel of “packaging.” They're 
the factors that give the market its 


tremendous scope. 
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A Big Market for Plastics 


In just the last few years plastics have 
come to play an increasingly important 
role as basic packaging materials—and 
usually at the expense of older “tradi- 
tional” materials like paper, glass, and 
metals. The fact is that plastics can be 
used in the manufacture of almost every 
basic container form: box, bag, bottle, 
drum, jar, vial, collapsible tube, over- 
wrap. Just as importantly, plastics have 
made possible new techniques in pack- 
aging that were hitherto impossible of 
achievement. Blister packs, squeeze con- 
tainers, water-soluble unit packages .. . 
these are just a few examples. 

Right now, the invasion of the packag- 
ing market by alert plastics manufac- 
turers is well under way. Material mak- 
ers, molders, extruders, fabricators, 
thermoformers and plastics converting 
equipment makers are investing heavily 
in sales and advertising efforts aimed at 
establishing solid beachheads in the 
packaging field. 


Who Does the Buying 


The factors that control package se- 
lection are as complex as business it- 
self. They include production, quality 
control, shipping, display, advertising, 
sales, promotion ... and, often, outside 
packaging consultants. The purchase 
and specifications of packaging mate- 
rials usually cuts across many depart- 
ments of a company. 

Because the buying influences are so 
diverse, it is difheult for salesmen to 
reach them all. Most suppliers, there- 
fore, rely heavily on advertising to 
carry a good share of their selling lead. 


How Modern Packaging Fits In 


Mopern PAcKAGING is the oldest and 
largest magazine serving the packag- 
ing field. Prior to its founding in Sep- 


tember, 1927, the concept of packaging 


. 


as a common function of many indy: 
tries was not generally recognized, no 
was it realized that these industries 
have common packaging objectives 
techniques, problems and procuremen 
needs. 

Mopern Packacine changed all that 
It gave the users of packaging ever 
where a single reliable forum wher 
mutual problems might be solved and 
where new packaging materials, met! 
ods and services could be publicized 
As a result it gave packaging suppliers 
a single medium through which the 
could reach the various buying inf 
ences in the many industries that pack 
age the great bulk of the nation’s good: 


Editorial Content 


The editorial purpose of Mopern Pack 
AGING is to keep packagers informed 0! 
all the 


methods, materials and equipment o/ 


significant advances in th 
the art. Editorial feature space is ¢: 
voted to carefully researched origina 
About 90% is staff writter 
10% contributed by authorities in th 


articles. 


field. Through the use of analyses 
lustrations, case histories and “how-t 
do-it” articles, the editors point oul 


and interpret packaging trends 


Advertising Acceptance 


Year after year, more advertisers i! 
vest more money in more space 
Mopern PAcKAcING than in all oth 
packaging publications combined. And 
last year, they set new all-time highs i! 
both space and dollar volume! 


Get More Facts 


To learn more about the sales pote! 


tials in the packaging field tor the 


products you make, just write to Adve’ 
tising Manager, Mopern Pack acine 
a 99 
575 Madison Avenue, New York + 


m i 


MODERN PACKAGING MAGAZINE 
A BRESKIN PUBLICATION 
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Injection Press 


Up to 1200 cycles 
per hour (dry run) 


e . 
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; One operator can run 3 or more presses, 
for greater flexibility, and lower labor costs. 
Selective control permits semi-automatic 
operation. 


~~ Wl EAL LLL EF ate tw cos on van vom 


by semi-skilled help. With simple, handy Fi Ib, 
controls, job can be set up in 20 minutes. RQ 
she Zotyotyrese Vinyl Cord Sets 
e : ponte — —over 2000 per 
sh : / per a 





~ 
rg ; hour ur 
\ The sketches list only a few of the many RB, ein eal Diinuitiiiiian 
i ) yto ‘ 
thermoplastics molded on Van Dorns. See ceca aad Atle) pica: 
md 2000 per hour 9000 per hour 


Remember, For the Price of One Large Press, You Can Own a BATTERY of VAN DORNS! 





WRITE FOR 
complete data on 
model H-260 and other 
equipment shown. 


FINANCING 


POWER OPERATED, LEVER AVAI LABLE PLASTIC GRINDER — — _ 
CONTROLLED PRESSES Grinds up rejects, valle’ ‘om stock. 
waste, etc., for re-use. 





dravainainbinitne tts 
ie 





AUTOMATIC PRESS 
capacity, 


INJECTION MOLDERS! 
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All machines 











illustrated here 







in stock for 


IMMEDIATE 
DELIVERY 


The (mi) M4 5%” x 
8%” throat grinder — 
designed primarily for 
vinyl, polyethylene, plasti- 
sols and all elastomerics 
where a fine-free low bulk 
factor product is desired 
— large throat for large 
injection molded parts. 

























The (Mi) M3 
6%.” x 7” throat 
sprue grinder — 
rugged — simple 
in design—easi- 
est to clean — 
built-in throat 
clearance bar — 
casters — catch 
pan. 














PRICE: Complete 
with 2 HP Motor and Starter $788.50 
PRICE: Complete with 1 HP Motor and Starter ......$598.50 Same, but with 3 HP Motor $854.00 































CONSTANT | (ims] DRUM TUMBLERS 

MOLD . 

TEMPERATURE 
REGULATOR 


The (ims) Economy 
Circulator — priced 
at only $369.50 com- 
plete (oil model for 
heats to 450° at 
$482.50) — duplicates performance 
of mold heaters costing up to 6 times 
as much — developed by a molder 
for molders — compact — portable 


only 15" x 2212” floor space. All Gis) Drum Tumblers are based on design sugges- 
tions of the leading material and colorant supppliers. 
Available for immediate shipment from stock. 
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FOR ALL COLORING AND MIXING OPERATIONS 








Send for ovr 1957 Nozzle Catalog and aa cel $595.00 
Heater Band Book Today. You'll find all (Takes drums up to 33” high x 22” in diam.) 
Ee ee ne re ee $897.50 
| I full 
styles of nozzles and heater bands fully (Takes drums up to 37” high x 23 %4” in diam.) 


described and priced, with technical notes 


i ae $1285.00 
on nylon molding. (Takes drums up to 45” high x 24” in diam.) 


Prompt service on all kinds of nozzles by 








the world's largest and most experienced 


nozzle specialists. 


INJECTION MOLDERS SUPPLY CO. *cisciswo 0\ouc. 






























Whether you need 50 pounds per hour of plastics 
production from a single machine, or over 5,000, 
you'll find the right type and size extruder in the 
NRM full line to produce it economically. From 1” 
Laboratory Bench Models, to big 15”, high capacity 
extruders with Automatic Die Head Clamps like the 
model shown, all are standard, and all have the 
“vears ahead” design and construction features that 
make NRM Extruders most versatile to use, most 
profitable to operate, and which sustain profitable 


“Balanced heat” at its finest... PLUS higher production 


at lower cost, and... Closer-tolerance extrusions. 


NRM’s Induction heating causes extruder operating heat 
to originate in the cylinder walls, the place where it is 


needed and used. Important advantages are: 


® LOWER OPERATING COST—Less electrical energy is 
required to operate extruder, thus saving on kilowatt 
hours. Less “warm-up” time is required, thus providing 


for more production time. 


* INSTANT RESPONSE TO CONTROLS—No “time lag” 
in getting heat to the cylinder after controls call for it. 


* DEPENDABLE MECHANISM—NRM’s simple, compact 
application of induction heating reduces the chance of 
heater failure. Induction Heated Extruders are available 

and 6” sizes. Complete details on 


in 242”, 342”, 412” 
request. Demonstrations arranged. 


—EXTRUDERS 


NRM 15” Steam Heated 
Thermoplastics Extruder 


Termayalatiics- 





EVERY TYPE AND SIZE, FOR EVERY EXTRUDING REQUIREMENT 


operation over many years of trouble-free service. 
Just a few of these important features are: 

®@ “BALANCED HEAT CONTROL” 

@® AUTOMATIC DIE HEAD CLAMPS 

@ 20:1 RATIO ONE-PIECE CYLINDERS 

@ SINGLE-WALL XALOY LINED CYLINDERS 

® PATENTED FEED SCREW TYPES 

®@ J.i.C. CODED ELECTRIC CONTROL CABINETS 










CYLINDER RATIOS: up to 
20:1 Le/D ratios. 

EXTRUSION CAPACITIES: up to 
6500 lIbs./hr. 

TRANSMISSION CAPACITIES: 
up to 800 HP. 

HEATING: Electric, oil or steam. 

DIE HEAD: NRM Automatic Die 
Head Clamps. 







NRM 212” Induction 
Heated Extruder 








Naw DEVOLATIZING EXTRUDERS NRM SPECIAL EXTRUDERS 


NRM 414” 
Devolatilizing Extruder 


NRM 10” 

Thermoplastics Extrude 
NRM DEVOLATILIZING 
EXTRUDERS have a spe- 
cial patented, adjustable ; 
valve and large venting orifice for the removal of : This 10” Electrically Heated Extruder is typical o/ 
entrapped moisture, air and other constituents how NRM can incorporate in a single machine of 
which would otherwise cause porosity in the ex- . almost any size, standard proven design features 
trusion. Devolatilizing Extruders have 24:1 Le/D to obtain a “custom” installation. This standar: 
ratio cylinders, are available in all sizes, may be * Extruder has Automatic Die Head Clamps (shown 
heated by electricity, oil or steam, and are fur- ; in open position) special feed screw, and special 
nished with or without vacuum equipment. Electrically heated cable covering crosshead. 


NRy. RIGID SHEET “Packaged” INSTALLATIONS 


iS gi ae Ge 
i) 
~ 


NRM 
ACCESSORIES 


Include Conveyors 
Cooling Tanks, Pipe 


Includes every piece of equipment needed for Haul-Offs, Film Toke 
producing high quality rigid plastic sheet. Ups, and Others 
Dies are extremely rugged, engineered spe- Write for details. 
cially for sheet extrusion, and are furnished 
with “cast-in” heaters and all controls. Demon- 
strations arranged if desired. 

















VERTICAL TUBING DIES—For expanded thin-wall 
tubing up to 36”. Larger on request. 

PIPE DIES—For 12” to 6” LP.S. Larger on request. 
Straight or offset delivery. 

TEE-TYPE DIES—For flat Polyethylene film. 12” to 
96”, larger on request. 

SHEETING DIES—Standard widths: 24” to 48”. Stand- 
ard gauges: .040 to .180. Dies for larger widths 
and other gauges available on request. 
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> NATIONAL RUBBER MACHINERY COMPANY —4 


General Offices and Engineering Laboratories: 47 West Exchange St., Akron 8, Ohio 


SOUTH: The Robertson Company, Rutland Building, Decatur, Ga. CANADIAN: F. F. Barber Machinery, Ltd., 187 Fleet St., West, Toronto Ont. 
WEST: S. M. Kipp, Box 441, Pasadena 18, Cal. EXPORT: Omni Products Corporation, 460 Fourth Ave., New York, N.Y. 
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TEMPERATURE CONTROL UNITS 


THE LOGICAL CHOICE OF EQUIPMENT MANUFACTURERS, 
MATERIAL SUPPLIERS and PLASTICS PROCESSORS for 


FASTER PRODUCTION, FINER PRODUCTS and FEWER REJECTS 





MODEL 6002 


The DUAL mobile temperature control 
unit functioning in leading plastics plants 
from coast to coast. Ready to operate 
when connected to electricity, water, and 
drain 


° Super-fast 9000 watt heating 


® Small total water capacity 


either way 


MODEL 6007 


HIGH TEMPERATURE DUAL OIL CIRCU- 
LATING UNIT — The Model 6007 as- 
sures accurate control from 100° to 
500° F. The Model 6007 is a dual unit, 
affording i ter i, ble daukl capac- 
ity for all applications where steady, 
occurate high temperature control is 
necessary. 





Write today 
for complete information 


MANUFACTURERS 
OF 
TEMPERATURE 
CONTROL 
EQUIPMENT 


gunce 1918 





5206.W 
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MODEL 6003 


A compact DUAL unit designed for per- 

t installati (Can be equipped 
with casters.) Requires less floor space 
than Model 6002 with same capacities. 





MODEL 6012 


A compact, efficient SINGLE unit de- 
signed to do the typical Sterlco iob of 
temperature control where a single sta- 
bilized temperature is adequate. Can be 
combined with Sterlco Model 6002 and 
6003 Dual units where more than two 
temperatures are required. 


Sterteo, offers 


’ “< be ” 
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Super-sens 


fast reaction 
hale P ver 


Export: OMNI PRODUCTS CORPORATION 


cals) 


® Flexible 


MODEL 6031 


TRIPLE TEMPERATURE CONTROL UNIT 
This unit was specially designed for 
use in the manufacture of plastic sheet 
It provides accurate temperature control 
for molds and rolls with provision for 
temperatures up to 240 F 


Sterico Engineers are always available 
to assist you in the selection of proper 


temperature control equipment 


INDUSTRIAL CONTROL DIVISION 


STERLI 


= aay 


nu Milwauk 


“9 
tive, accurate 
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heatin« with extremely 


time 


not on or off 


MODEL 6016 


HIGH TEMPERATURE 
SINGLE ZONE CIiR- 
CULATING UNIT — 
A SINGLE zone unit 
with provision for ac- 
curate control from 
100° to 500° F. ideal 
for applications 
where only a single - 
temperature control 
is needed. Choice of 
heater capacity. 


REPRESENTATIVES IN PRINCIPAL CITIES 


460 Fourth Ave. © New York 16, N. Y. 


A COMPLETE LINE 
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Temperoture 
Controls 


Thermostatic 
Trops 


Condensation ond 
Vacuum Pumps 















ENGINEERED INSTALLATIONS 


HARTIG 
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Hartig 4'/2° Extra Long Extruder, 24:1 L/D with sheeting die 





Sheet Extrusion — Vacuum Forming 


Film Extrusion — Blown Tubing, Unsupported Film, Laminating 


: ; The 130 years of experience of the 
Wire and Cable — Insulation and Sheaths lola Mehioan: Corpesitiis \e'clan #::it 


ineered 
Pipe, Tubing, Rod and Profile Extrusion able for complete process enginee 
installations. 


Blown Containers — Molding 


Compounding — Reprocessing 








Nylon 


Polystyrene 


Cellulose Acetate 


Cellulose Acetate-Butyrate 


extruder specifications 


sizes 


capacities . 


L/D ratios 


drive 


thrust bearing 


feed 
cylinder 


screw 


closure 


temperature 
controls 


venting and 
devolatilizing 


Send for your copy of 
the new booklet 


1%” to 12 


15 Ibs ‘hr to 3000 Ibs / hr depend 
ng on the nature of the job 


15:1, 21:1, 24:1, and 30:1 


Variable speed motor 
Herringbone gear reducers 


Spherical roller bearing for radial loads 
and self aligning spherical roller bearing 
for thrust loads— completely enclosed in a 
bronze housing and force lubricated 


Fabricated throat section with provision 
for water cooling 


Steel barrel with centrifugally 
cast Xaloy liner 


Alloy or stainless steel with-stellite tipped 
flights. Constant pitch, cecreasing depth, or 
variable pitch. Self venting, recirculating 


Clamp type 


Heated by means of band heaters or 
cast-in-aluminum calrod units. Controls are 
proportioning type or stepless- (saturable 
core reactors 


Cooled by controlled air or water 
along entire length of barrel 


Special screw construction for 
elimination of porosity, optional 


describing the complete 
ne of Hartig Extruders 
and Auxiliary Equipment. 








Acrylic Resins Polyviny! Chloride 


Vinylidene Chloride Casein 
Polypropylene Polyvinyl Butyrate 
Rubber Ethyl Celluiose 


Fluorothene Polyethylene 





auxiliary equipment 


dies Film or laminating dies for 

widths up to 120 

Blown tubing dies up to 48” diameter, 

and for lay-flat tubing up to 144 

Pipe dies, profile dies 

Sizing and cooling dies 

Adjustable centering crossheads 

Special purpose dies 
payoffs, takeoffs Film takeup units—for widths to 120”. 
troughs Blown tubing takeup units with collapsing 


roll assembly. Constant tension. Also avail- 
able for lay-flat tubing up to 144”. 


Pipe pulloff units 

Water troughs 

Capstans 

Dual reel high speed continuous takeup with 


adjustable traverse. Constant tension, 
counter 


High speed payoff stand with automatic 
brakes and dancer for tension control. 


Conveyors with counterbalanced 
pressure roll 


processing Cooling and polishing rolls 
equipment Laminators for web widths to 96” with 
unwind and rewind stations 
Pelletizers 
special purpose Hartig engineers have designed, built, and 
auxiliary installed extruders and auxiliary equipment 
r f 
equipment or specific production tasks. In doing so, 


they may already have solved your problem. 


RTIG 


EXTRUDERS 


Established 1890 
Division of Midland-Ross Corporation 


Mountainside, New Jersey 





We supply: 


Extruders with screw diameter 
of 30, 45, 60, 90 and 150 mm 


Complete plants for processing 
thermo-plastic materials into: 


Sheets, 
Pipes, 
Profile sections, 
Filaments, 
Blown foil, 
Wide foil, 
Embossed foil, 
Cables, 
Other coverings, 


Formed articles direct 
from the extruded sheet 


Blown-foll plant for lay-flat foils 
up to 1400 mm width 
- $ 90 RGV with FAV 1500 . 


® 


Reifenhauser KG | : 


MASCHINENFABRIK 


Plant for the production of plastic 
TROISDORF GERMANY, WEST sheet by extrusion, sheet width 1000 mm 


Representative for sales and service in USA: H. H. HEINRICH , ENC. U1 Eighth Avenue, NEW YORK !!, N.Y. 





Solve your fluid control problems with... 


SINCLAIR-COLLINS DIAPHRAGM-OPERATED VALVES 














150 AND 300 PSi, 

DIRECT ACTING 

globe body, top-guided 

stem, Y%—3 in. NPT 4,000 AND 6,000 PSi, 2 AND 
| 3-WAY BALANCED 

NC or NO, pressure above or 

below seats, %2—2 in. NPT 




















250 PSI, 2-WAY V-PORT 
MODULATING 
controls temperature, pressure or 
flow, direct or reverse acting, 
Ya—2 in. NPT 









































300 PSI, 3-WAY OR 
REVERSE ACTING 
bridge yoke, triple- " 
guided stem, %4—3 in. 
NPT p 
[| 
150 PSI, 3-WAY OR 
REVERSE ACTING 
compact design, bridge yoke 3,000 PSI, 4-WAY SEMI-AUTOMATIC 
V4—3 in. NPT air operated, handles oil, water, glycol- | 
base fluids, 1—2 in. NPT 


FOR OIL, AIR, STEAM, HOT OR COLD RAW WATER SERVICE 
2, 3, AND 4-WAY + SINGLE OR TWO PRESSURE 
HIGH OR LOW PRESSURE—AIR OPERATED, OIL OPERATED 
AUTOMATED OR REMOTE MANUAL CONTROL 
IDEAL FOR CENTRAL RAW WATER HYDRAULIC SYSTEMS 





‘ 4,000 PSI, 3-WAY AUTOMATIC 
Chances are, you’ll find the answer to your control valve 2-pressure, avto-neutral, throttling, 


problems in Sinclair-Collins’ line. Sound design and highest —— | 
quality construction . . . Stellite stem seats, Monel stems, 
hardened replaceable body seats, heavy-duty bronze, ductile | 
iron or cast steel bodies . . . these and many other features 
assure leak-free performance . . . resistance to corrosion . . . 
elimination of seat wire drawing . . . longest service life. 
For recommendations, literature and fast delivery from 
stock, of dependable S-C valves that meet your needs 
‘xactly, call your nearby Sinclair-Collins representative or 
he Sinclair-Collins Valve Company, 454 Morgan Avenue, 
\kron 11, Ohio. 











AA-8157 ss P 
Representatives in principal cities 


THE SINCLAIR-COLLINS VALVE COMPANY 


454 Morgan Avenue « Akron 11, Ohio 











Speed Up Production! Reduce Down-Time! 


Thermo Plastic 


Controlled Pressures to 10,000 psi 


Electric or Induction Heated . . . Air Cooled. 


PYROMETER 
CONTROL 
CABINET 


Houses fempera- 
ture controls, elec- 
trical controls, screw 
speed indicator and 
motor starting equip- 
ment. All wirings 
brought out in sin- 
gle conduit for sim- 
plified hook-up. 

All electrical con- 
nections in the JMC 
Extruder are brought 
down to a marked 
terminal bar for 
quick and easy hook- 
up. 


The standard model J M C Extruder attains pressures to 
10,000 psi by the installation of the exclusive J M C designed 
control head, enabling you to increase production of most ma- 
terials by at least 100% over present extrusion methods. 
Higher pressures will also enable you to process many of the 
newer materials. The oversized feed opening prevents clogging 
of the feed section; and, the oversized spherical roller-thrust 
assembly and screw support bearings assure longer trouble-free 
life. The standard model J M C Extruder can also be operated 
under normal pressures 











6” x a 
2 Roll 


Laboratory Mill 


Made with the 


HEAVIEST 
BEARINGS 


used in this type of machinery 


We also design and build: Rubber Extruders e Shaftiess Take-Ups ¢ Con- 

veyors @ Respooler and Payoff Stands ¢ Wire Insulating Lines ¢ Water 

Troughs « Wire Twister ¢ Paper Sewer e Embossing Calenders e Spreaders « 

Jacketed and Unjacketed Tanks ¢ Capstans e Take-Ups (Single & Dual) e 
Pelletizers @ Accessory Extrusion Equipment. 


Designers and Builders of Standard and Special Machinery for 
the Plastics, Rubber and Process Industries. 





683 Frelinghuysen Ave. Newark, N. J., U.S.A. 








New Used 


Rebuilt 


MACHINERY 


for the 
Rubber and Plastics 


Industries 


MILLS 
MIXERS 


CALENDERS | 


GRINDERS | 
EXTRUDERS © CUTTERS | 
TABLET PRESSES © — PELLETIZERS 
INJECTION MOLDING MACHINES 
HYDRAULIC PRESSES 
PUMPS © ~— ACCUMULATORS 
TOOL ROOM EQUIPMENT 

All Types and Sizes 
MACHINE TOOLS 
BOILERS ° 
COMPRESSORS, etc. 


MOTORS 


What do you need? 


What have you to sell? 


JOHNSON 


Dept. PE 


MACHINERY CO. 


683 Frelinghuysen Ave. 
Newark 5, N. J. 
Bigelow 8-2500 


Please place us on you: 


mailing list. 
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“WRITES” 


with LEW 
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Scripto pens and pencils are world-famous for 
quality and performance ... at competitive prices. 
This reputation is maintained through diligent 
cost controls. For example... 


... LEWIS 6-P injection machines have increased 
production and reduced overall costs for many 
Scripto parts. Replacing more expensive 16-ounce 
machines, they produce superior moldings with 
minimum scrap. 


Scripto, Inc. of Atlanta, Ga., is typical of savings- 
conscious production molders. They specify 
LEWIS 6-P machines because of their economy, 
versatility, performance. ' 





8077-LWM 


PRE-PLASTICIZER MACHINES 


CAPABLE OF MOLDING ALL PLASTICS, 
including low-pressure linear polyethylenes, 
the LEWIS 6-P Pre-Plasticizer is a money- 
saving production machine. It features the 
exclusive 200-ton “Hydra-Lock” clamp... 
fast, easy set-up ... intermittent operation 
without shut-down, burning or flashing .. . 
mold sizes up to 24” x 14” (or 20” in dia.) 
. » » quick-release die-lock device for access 
to nozzle . 
construction. 


- machine tool accuracy and 


FOR SPECIFICATION AND PRICES, WRITE TODAY 
. . or call BEdford 2-2500. 
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THE LEWIS WELDING & ENGINEERING CORP. 
104 NORTHFIELD ROAD « BEDFORD, OHIO 
Designers « Engineers ¢* Fabricators * Machinists 





EACH NB « C. INJECTION PRESS 
ENJOYS TWO YEARS GUARANTEE 


powerful newly - conceived, 
built-in oildynamic circuits 


increased plasticizing capacity 


higher injection rapidity 


mode! NB 28 |NB 30 Record| NB 40 | NBOOE 


1 1 | 44 21 
6.6 12 15.4 28.6 


NB 100 | NB 120 € 
3.5 42 5.6 
53 39.6 





injection capacity oz. 


hourly plasticizing capacity Ibs. 


1 


FULLY AUTOMATIC 
NB 360/520 E Ro 606f|)=6CR R 6 FA R 12 FA R 20 FA 
13-19 0.53 0.85 2-3 | 4-6 | 8-12 | 


model 





injection capacity oz. 


hourly plasticizing capacity Ibs. 97 17 | 17 | 29 53 | 75 


——_— = =) oe ae oe ae ae ee oe — a 





ASK FOR LITERATURE ff 
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NEGRI BOSSI « C. 


MILANO ITALY - VIA BAZZINI 24 - TELEF. 235.555 - 230.512 - 235.884 
CABLES NEGRIBOS MILANO 











CEP ENHS ENGINEERS AND BUILDS 
COMPLETE TAKE-OFF EQUIPMENT FOR 
PLASTIC CALENDERS * COOLING TRAINS 
AND PLASTIC WINDERS * POLYETHYLENE 
EXTRUSION-LAMINATORS 





Model 40 Continuous center winder with automatic 
start for high speed controlled plastic winder. 





Double wall cooling drums 
and slitting attachment. 


3 THE BLACK-CLAWSON COMPANY a 
® _ PL-450 Polyethylene 
. | —/ DILTS DIVISION © FULTON, N.Y. © LYRIC—2-4265 Laminator 

















CABINET 
TRAY DRYER 
(Model 1330—T2) 


DEPENDABLE, 
HIGH QUALITY 
OVENS AND DRYERS 
FOR PLASTICS 


TRAY DRYER FOR NYLON 
USING DEHUMIDIFIER 
(Model N 1330-5) 


DRAWER TYPE, 
CABINET OVEN 
(Model 1327 D—T3 
For preheating 
thermoplastic material 


Separate bulletins for each model give com- 
plete details, features and specifications. 


LYDON” 4% Ze. 


87 Zabriskie Street, Hackensack, N. J. 
OFFERING THE EXPERIENCE OF 25 YEARS AND MORE THAN 3000 INSTALLATIONS 











Glonstant-) Zhe Advanced 

[jare-or- © Tensile Test 

[AxtENsIon | Method 
FOR 


FILM — SEMI-RIGID — ELASTOMERIC 
MATERIALS 








SCOTT ““ACCR-O-METER”’ 
ELECTRIC WEIGHING SYSTEM 


can be applied to convert your present 
Scott Tester* for C.R.E. Testing 


Bringing you an unequalled array of advantageous 
features, this inertialess electric weighing system reg- 
isters with utmost fidelity every slightest reaction of 
the specimen under stress. The result is to reveal a 
wealth of important detail never before available. 
1. EXCLUSIVE—Provides instant adjustment of 
load/span to compensate for variations in cross 


section, providing common denominator (lbs./ 
p.s.i.) for research and for production testing. 


2. Likewise the load/span may be adjusted to follow 
out the changes due to additions to the chemical 
structure, and also due to environmental influ- 
ences, regardless of the amount of resultant varia- 
tions in strength of the adjusted cross section area. 


. Tremendous range of capacities from 0.1 Ib. to 
2,000 Ibs. 


- EXCLUSIVE—unequalled’ variety of holding 


clamps and fixtures. 
- Quick-change variable elongation speed. 
- Variable speed elongation registration. 
- Rapid load registration response to specimen stress, 
- High speed return of moving clamp. 
. Also performs Deflection Test. 


New Scott Tensile Testers may be ordered with the 
““Acer-O-Meter” and it may be added to existing 
testers to convert them to Constant-Rate-of-Extension. 


Scott Testers manufacture 
other equipment for: 


HIGH-TEMPERATURE AGEING 


up to 1,000°F, for deterioration test at either no 
pressure or in pressured atmospheres. 


BRITTLENESS EVALUATION 


at temperatures down to —80°C. 


* Trademark 


SCOTT TESTERS, INC. 


103 Blackstone St., Providence, R. |. 


CONFORMING TO 


A.S.T.M. Methods 





RUBBER & PLASTIC MACHINERY CO., In 
2014 UNION TURNPIKE, NORTH BERGEN, W. ; 


UNION 5-1073 


REBUILT 


RUBBER 
& PLASTIC 
MACHINERY 


BOUGHT & SOLD 


e@ MILLS 

@ AUTOCLAVES 
@ CALENDERS 
@ MIXERS 

@ PRESSES 

e@ EXTRUDERS 
@ REDUCERS 

@ VULCANIZERS 


ENGINEERING - REBUILDING 
MANUFACTURING 


We specialize in rebuilding rubber 
and plastics machinery. 


All rebuilt equipment guaranteed. 
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Moslo Injection Molding Machine 


r rie 


Every day plastic molders are breaking 
production records with Moslo injection 
molding machines. They are discovering 
that Moslo machines will out-produce 
other machines with TWICE the rated 
capacity. 

A Moslo machine will make greater 
profits for you whether you are making 
LONG or SHORT runs. It will accommo- 
date any standard mold, has a greater 
plasticizing capacity and will inject more 
material into the mold and eject the part 
faster than any other comparable machine. 
It is ideal, too, for running nylon as well 
as other thermo plastic materials. 

Illustrated on this page are Moslo ma- 
chines. In order to fully appreciate their 
many advantages, you should see them 
in operation. Therefore, we cordially in- 
vite you to bring your own molds to our 
Cleveland headquarters and let us demon- 
strate exactly what a Moslo machine can 
do for you. Call or write and we will 
f gladly arrange an appointment. 











Cord Plug and Insert Molding 
is easily done on the Moslo 
3-ounce Duplimatic. 


The 2-station shifting 
table on the Duplimatic 
permits loading one side 
while ports are being 
automatically molded 
on the other side. 





ANNOUNCING 


The most advanced injection molding 
machine—the ALL NEW 


Moslo Model 12-275 


8 to 12 ounces with pre-plasticizer. 
Watch for complete details to be an- 
nounced soon. 


nA O baa LO The Moslo Model 75-4 ounce and the 74-2 ounce are 
completely automatic plastic injection molding machines. 
MACHINERY COMPANY Either model used in conjunction with the Duplimatic makes 


2446 Prospect Ave. + Cleveland 15, Ohio an ideal combination for insert molding. 





MOSLO — The NAME for the worid's fastest molding machines 
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p[usive! CLIFTON 
X INJECTION MACHINES 
feature UNITROL— 


the completely hydraulic circuit that eliminates 
pipes, plumbing and costly, time-consuming repairs 


due to bursting lines 


Clifton—one of the great names in hydraulics 
—offers you Unitrol together with the follow- 
ing other impressive advantages in its 356-357 
Series Injection Presses: 





High-speed—plasticize up to 60 lbs. of 
material per hour. . . operate at up to 13 
cycles per minute * Good capacity—-2%4 
oz. at single stroke of plunger . . . up to 
5 oz. with pre-packing * Versatility—han- 
dle practically any molding material 
develop injection pressures up to 20,000 
lbs. psi * Volumetric Feeding—for accu- 
rate material delivery to plunger * Push 
Button Control Panel—tor manual and 
semi-automatic operation * Low Initial 
Cost. 


Clifton’s broad range of presses includes 
injection machines . . . also vertical, hori- 
zontal, column and side frame presses 
for extruding, embossing, forming, lami- 
nating and special applications . . . each 
of which is available with exclusive Uni- 
trol 






Semi-Automatic 
Laminating Press 


Molding Press 
Adjustable Head 

































PERFORMANCE 

Ounces molded per stroke of 

injection plunger (styrene) 2% 2% 2% 2%, 
Operating cycles per minute 10 7 18 13 
Maximum mold size 12"ntQ” 12°u82" 12°nt2” WS ste” 


INJECTION END 


Rate of injection (cubic in. 


Pressure (per sq. in. on 
materials, Ibs.) 


MOLD END 
Mold clamping pressure, tons 


Maximum mold thickness > og 2” > 7” 


Minimum mold thickness 
GENERAL 


Horsepower 
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CLIFTON INJECTION PRESS 
SPECIFICATIONS 






MODEL MODEL MODEL MODEL 
356A 356 357A 357 








6.5 3.4 6.5 3.4 





10,000 














Write for catalog showing complete line of 
compression and injection molding presses. 








HYDRAULIC PRESS CoO. 


289 E. Allwood Road, Clifton, N. J 













THE MODEL 635 
SLITTER-REWINDER 
with the 

NEW LOW COST 
MODEL 804 AUTOMATIC 
FROM EDGE GUIDING UNWIND 


WRINKLED, featuring the latest in 


tension indicating units 





e SHEAR RAZOR BLADE 
e BURST e SCORE CUT" 


Our latest development, Model 804 
Unwind, incorporates all the features of 
the larger 704 Unwind Stands. It is 
mounted integral with the slitter, re- 
quiring no additional floor space or 
mounting. The 804 brings you, with no 
loss of accuracy, a more compact unit at 
approximately half the cost of the larger 
unit. 

The 635/804 combination gives ex- 
tremely accurate edge guiding on the 804 
unwind. Highly sensitive tension controls 
on both the unwind and the 635 slitter- 
rewinder enable an operator to secure 
maximum yield from ANY mill roll. 

Change over from shear cut to razor 
blade or to burst takes only a matter of 
minutes, giving complete versatility of 
slitting metheds for handling a wide 
range of materials. 











*On special applications score cut can be provided. 


MANUFACTURERS OF: 
SLITTERS @ WINDERS 
CONSTANT TENSION UNWINDERS 
KNIVES @ KNIFE HOLDERS @ SLEEVES 


SPECIAL CONVERTING EQUIPMENT DESIGNED 
TO MEET YOUR PRODUCTION PROBLEMS 





JOHN DUSENBERY COMPANY, INC. 
274 GROVE AVENUE, VERONA, N. J. 







ENGINEERED 
CONVERTING 
EQUIPMENT 


1023 
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Plastics problem got you down? 


Get help in a hurry from 
your Encyclopedia Issue! 


EXAMPLE: Where and how to use resins and 
molding compounds? 


1. See the section “Resins and Molding Compounds” 
for all the fundamentals. Also see the materials 


charts and supplier lists in the “Technical Data” 
sec tion. 


2. Then check the Advertisers’ Index—on the first 
page of the “Resins . . .” section—for suppliers’ 
ads on resins, coatings, emulsions, etc. 


3. Secure additional names and addresses of sup- 
pliers from extensive Buyers’ Directory lists in 


the back of the book. 


1. Consult the front-of-book Editorial Index for 
detailed cross-referenced listings of subjects re- 
lated to your particular inquiry. 


e) | 


Check through the “Manufacturers’ Free Litera- 
ture” Section, select all possible helpful publica- 
tions, and send for them with enclosed post cards. 


EXAMPLE: How to color plastics? 


1. See the section “Chemicals for Plastics” for com- 
plete background. 


2. Next, refer to the front-of-book Editorial Index 
on the first page of the section for ads relating to 
your specific needs. 


3. Check the Buyers’ Directory for a detailed listing 
of suppliers of dyes, colorants, pigments, inks. 


t. Consult the front-of-book Editorial for detailed 
cross-referenced listings of subjects related to 
your partic ular inquiry. 


5. Check through the “Manufacturers’ Free Litera- 


ture” Section, select all possible helpful publica- 
tions, and send for them with enclosed post cards. 


EXAMPLE: How to design a product—then get 
it made? 
1. Get the basic facts in the section “Engineering 
and Methods”. 


2. Then for molder and special service advertise- 


ments, see the Advertisers’ Index on the section’s 
first page. 


wd 


3. Next, examine the Buyers’ Directory for addi- 
tional names and addresses of molders, extruders 
and service organizations. 

!. Consult the front-of-book Editorial Index for 

detailed cross-referenced listings of subjects re- 

lated to your particular inquiry. 


ii 


. Check through the “Manufacturers’ Free Litera- 
ture” Section, select all possible helpful publica- 
tions, and send for them with enclosed post cards. 


EXAMPLE: Which machinery to buy? 


1. Turn to the section “Machinery and a 
for a complete picture of the factors involved. 


2. Then see the Advertisers’ Index on the first page 
of this section and select ads whose messages 
bear on your problem. 


ww 


Get further information—names and addresses of 
machinery, machine tool and equipment manu- 
facturers—in the time-saving Buyers’ Directory. 


1. Consult the front-of-book Editorial Index for 
detailed cross-referenced listings of subjects re- 
lated to your particular inquiry. 


5. Check through the “Manufacturers’ Free Litera- 


ture” Section, select all possible helpful publica- 
tions, and send for them with enclosed post cards. 


The Encyclopedia is expressly designed to help you solve your problems. 
Reach for it next time you need help and see how valuable it can really be! 


MODERN PLASTICS ENCYCLOPEDIA ISSUE 


... for fast, accurate answers to plastics problems 
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A complete line 


of REEDS 


for faster 


INJECTION MOLDING 


Reed-Prentice injection machines set the pro- 
duction pace in plastic molding with faster cycling 
and better plasticizing. Built-in moldability and 
ruggedness bring down your cost — increase your 
production. Eight models available — from 4 oz. 
to 32 oz. Write for full information. 


175T — 4/6 oz. REED. High-speed model for automatic 
molding of small items. Fast, positive toggle action and high 
injection speed make up to 10 cycles a minute. Popular 
275T-8/10 oz. model also available. 


300TL — 12/16 oz. REED. Long stroke for deep-draw mold- 
ing. Adjustable stroke 814” to 20144”. You get more than 
50% increase in mold depth and greater locking tonnage and 
a 12 second dry cycle. 300TA is the standard model with 


71,4” to 1214” adjustable stroke with a 10 second dry cycle. 


600T — 32/48 oz. REED. Completely new injection system 
increases molding speed of this model 72%; cycle time is re- 
duced to 21 seconds. Models 400T — 16/20 oz.; 450T — 
20/24 oz. also available. 





ae Se 
spéciricarions | we ee ri 

wert 175 175 275 

Mold clamping stroke 5-8” 6-12" 6% -10%" 

Platen size, (W x H) 22 x 2444" 22 x 244" 22% x 25" 

Diameter of tie bars a Ka 3%" 


Space between bars 


Rated casting area, 


13% x 13%" 





13% x 13%" 


11% x 14%" 


square inches 1S 15 125 

Plasticizing capacity, 

pounds per hour 1 1S 120 
7.2 8 


Dry cycle time, seconds 5.7 





EAST LONGMEADOW, MASS. a 


BRANCH OFFICES: New York * Cleveland * Chicago * Buffalo * Dayton * Dearborn * Kansas City * los Angeles 
Represented in Canada by Barker Industrial Equipment, Ltd., Toronto 
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Tore 
12/16 


300 
7% -124%4" 
29 x 3244" 
4" 
15 x 20%" 








300TL- 
12/16 


350 


8Y%-20%" 

29 x 3244" 
y 

15 x 20%" 





400T- 
16/20 
: 
400 
8-14” 
38 x 36” 
4y," 
23% x 23%" 


175 











PACKAGE 


MACHINERY COMPANY 


450T- 


20/24 


450 


16” 
45 x 40” 
5" 
22% x 25%" 


200 


150 


18.6 












600T- 
32/48 
600 


24” 
54 x 45” 
6” 
26% x 30%" 


300 


180 


21 
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A — FORMATION OF PLASTIC FILMS 
a~— Supported 
1. Solution Coating 
2. Dispersion Coating 
3. Hot Melt Coating 
b — Unsupported 
1. Calendering 
2. Extruding 
3. Casting 
B — DECORATION OF PLASTIC FILMS 
a- Embossing 
b-— Polishing 
¢-— Printing 
d~ Spanishing 
e-— Striping 
f — Flocking 
g~Top Coating 


C—SLITTING AND WINDING 
D — LAMINATING 
E — SPECIAL WEB PROCESSING 
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ABOUT PROCESSING 
PLASTIC WEBS! 


A reading of this 20-page discussion of plastic web processing will 
also give you a pretty good idea of the broad service Waldron 
Engineers can offer in connection with your requirements. Certainly 
they have the experience . . . since plastics first came on the market 
(and long before that). The company’s policy of custom designing for 
each order individually will assure you of just the right equipment 
and proper coordination of all the units. 





THE MIDLAND-ROSS GROUP JOHN WALDRON CORPORATION 
OF COMPLEMENTING SERVICES 
J. 0. Ross Engineering, New York : ; 
Jahn Weldvon Corporation, flaw Bronenict, Wi. J A unit of J. O. Ross Engineering Division, Midland-Ross Corporation 
Andrews and Goodrich, Boston i 
Ross Engineering of Conoda Limited, Montreal New Brunswick, New Jersey 
Ross Midwest Fulton, Dayton CHICAGO ° LOS ANGELES 
Hortig Extr S i : 
: ortig Extruders, Mountainside, N. J West Coast Representative: Bojanower Machinery Service Company 
arrier-Ross Engineering Company, Ltd, England 
. 5270 East Washington Boulevard ° 





Los Angeles 22, California 





HIGH 
SPEED 
MOLDING 
PRESS 


D-K presses have larger, more 
accessible working area, positive 
control with fine adjustment on both 
fast and slow closing speeds and a 
smooth flow of power. Initial cost 

is less — operating costs are lower. 
Stroke, daylight openings and 
pressures furnished to customer 
specifications. Write for 

illustrated brochure, 


1090 Jefferson Street, N.W., Atlanta, Georgia 





2 Color Extrusions 
Tew NERTICAL EXTRUDER 


Model 1250A 


THIS VERSATILE UNIT used in conjunction with a larger extruder, 
provides a means of adding contrasting stripes to belting, 
tubing, shoe welting, insulated wire, etc. for decorative or 
identification purposes. This extruder by itself can be used as a 
laboratory or production machine where small amounts 
of material are involved. Many other applications are possible. 


For information write or phone; 


A THERMOPLASTIC PROCESSES, INC. 


1949 Valley Road, Stirling, New Jersey 
Millington 7-1000 





Simplest 
machine 
to clean 


BY-THE-MACHINE 
GRANULATOR 


8” x 10” Throat 
Reversible Blades 
In 14% H.P., 2 H.P., 3 H.P. 


also 
New and Used Machinery 
for the Plastic Industry 


ACME 


MACHINERY 
& MFG. CO., INC. 


102 Grove Street 
Worcester, Mass. 
Tel. Pleasant 7-7747 
* 
20 South Broadway 
Yonkers, New York 
Tel. Yonkers 5-0900 
a7 
Chicago, IIlinois 
5222 W. North Ave. 
Tel. Tuxedo 9-1328 











sers doe up to 20% 
ipel Press installation! “Auto-Control” 


nd-miss judgment, permits use of s 
ith more AM eto Dee 


most complex 


dwell. Production of usable 


operator merely loads 
eliminates time 
reloading time (especially 
of 
avoids oil 


of 
the 


age reduced because 


of load 
operating 


and 
pressure only 


or tripled within press. 


multiple installations, or bu 
. induction heated plate 
more effective 


control and 


sizes available. 


FULLY AUTOMAT 
Very fast 


cjection; automatic 


space! feeding an 


to mar 


access to molds. 2 models 





FEATURES: Uniform Density . . 
compression, allowing 
This, plus 
uniform density. 


die rides free during 


equivalent pressure on bot 
hydraulic loading, insures 
Preforms Any Powder 

ram compresses powder only, with steady 


for 


hes accurate 


stant 
squeeze, 


mechanical blow. Complete control amount of 


I’ or pressure desired. 


M.K. Electric Ltd., 


England < 
i 


FEATURES: Fewer Rejects . 
molding cycle, 


preform, 
lost clearing over-cured 
for small 
several extra cycles per hour. 
slow 
hez 


available 


“Auto-Control” 


including provision for 


pieces usually 100% 


presses button. Automatic 
moldings, 
multicavity 
Low Maintenance... 


closing speeds. 


components). 


ating — safeguards hydraulic 


1000 and tear, 


. central, 


psi, saves wear 
Drive Systems . 
ilt-in for individual presses. 
for 


ns (available 


heat 


your present 


transfer to work. 


IC PRESS (ert 


d stripping action; easy 


1ual operation. Automatic units 


with up to 71 or 


pressure 13 tons 


reproduces even the 
breathing and 
. High Output . 


cuts stripping 
Result: 
mold pin break- 
Special unloading valve 
system 
with pressure 
out-of-the-way 


presses, 
Choice of 


half 
from top to bottom 


occupies only 
changeover 
swing 
168 ton 


B.T.H. Ltd., England 


BIPEL Presses available 

in 3 models, each offering 

a selection of 3 pressures: 
TYPE 40: 23, 47, and 71 tons 
TYPE 100: 56, 112, and 168 tons 
TYPE 200: 112, 224, and 336 tons 


control 


and 


relieves pump 
at all Basic 
doubled 


times 


system for 


Close Temperature Control 


too) mean closer 


Pressures... 3 


the usual floor 


to side for free 


capacities. 


39 tons 78 tons 155 tons 





maximum 
strokes 
per hour 


2600 


1500 850 600 





typical preform 
weight 





(1! 


Double pressing 
in preforming difficult 


arrangement 
no moving parts come 
from within hopper 


in minutes between runs. 


so firm that they be 
unattended, One operator 
Powder Loss all 
Production Rate... 
Controls of 
instant settings. 


are may 


shapes available 


veniently for 


155 TON UNIT (Jef? 


preforms up to 6% Ibs., 


for complete details. 


-2—1.2 ox. 
2" dia.) 
*based on average powder density of 





available 
powders 
between 
for dust-free, 
Labor Saving 
discharged into tote 
can easily 
powder 
from multiple 
all operating 
Service ... 
parts in stock for immediate shipment if needed 


has 72 
handle 


inch fill depth, 


3.7—8.1 ox. 
(3” dia.) 


8.3—18 oz. 
Vv," dia.) 


35 ozs. per cubic in 


10 oz.—6 Ibs. 
2" dia.) 








to allow for of 
Damage-proof Operation 
punches. Clean, Quiet . 


quiet operation; can be 


escape air 
fills 

cleaned 
preforms 
drums 
No 
no spillage. Higher 


punches for special 


finished 
boxes or 
supervise several units 
is preformed, 
punch sets; 

variables located 


all normal replacement 


con- 


Electricals to suit, 


can produce large 


a ton of material per hour. 


Demonstrations and Full Service at Tiverton. 


Controlled hydraulic operation with high 
speeds are possible only with Bipel! Unmatched versa- 
tility, performance and speed . . . clean and quiet... 
Bipel Preformers can produce preforms up to 6 Ibs. ea., 
or small preforms up to 25,000 per hour! 


Horizontal 
Hydraulic 
Preformers 





a complete line of 
LAMINATING PRESSES 


by Becker & van Hiullen 


laminating presses—available with automatic load- 
ing, unloading, sheet handling 


compression presses—in every type, every size 

transfer presses 

injection presses 

press platens 
Becker & van Hillen presses range from small 
laboratory models to huge units. Each is ruggedly 
built, dependable and available with any degree of 
automation. For all presses, there is a standard policy 


of assembly and operation prior to knock down and 
shipping 


Becker and van Hillen has the press you need with 
the features you want. Just write us desired sizes, 
pressures and operating conditions. We'll send you 
full information 


Sole U.S. Representative 


KARLTON 
MACHINERY CORPORATION 


210 E. Ohio St., Chicago 11, fil. 


& VAN HULLEN 


k a 





Lhe SEAL 
Approval 


Approved the past 20 years, Mayflower Electronic Bar and Rotary 
Heat Sealing Equipment is recognized for fast, accurate and eco- 
nomical production in a great variety of applications in the fabri- 


cation of film and sheet plastics. 


Generally we are ready to meet the demands of fabricators from 
our stock of presses and generators without delay. Our technical 
staff is in constant collaboration with manufacturers, charting new 
methods and creating new equipment, geared to the widening 


scope of heat sealing in the growing Sheet Plastics field. 


ayflower evectronic oegices 


ATM, 
Only Manufacturer of both Bar and Rotary 
Electronic Heat Sealers 
HUbbard 9-9400 


20 Industrial Avenue Little Ferry, N. J. 














ROTATION MOLDING 


VINYL PLASTISOLS—Soft and Rigid 
OVEN and ALL AUXILIARY EQUIPMENT 
COMPLETE INSTALLATIONS 


IMPORTANT NEW DESIGNS 
Standard Series 200—30”-Round or 30’’-Square Mold Carriers 


1. NEW—Balanced Gear Rotation Transmission. 

2. NEW—Open Frame Transmission Support for Mold Car- 
riers. 

3. NEW—Open Frame Steel or Aluminum Mold Carriers. Hot 
air flow in all directions through and around molds. Faster 
and more uniform heat transfer to the molds. 

. NEW—Double Blower Recirculation System. Hot air di- 
rected from two directions onto rotating molds. 

. NEW—Filling Equipment. Quick change and highly accu- 
rate measuring cylinder, also extra heavy duty units for 
rigidsols. 

. NEW—Transfer Table Construction and Arrangements. 

. NEW—Automatic Cooling Tank Design. 

. NEW—Front Instrument Control Panel. 


Special Series $ 200 with optional selections on: 


4. Air Pressure Gas Burner, Motor Driven Blower. 
B. Electronic Flame Safety Protection System. 
C. Variable Speed Gear Head Drive Motor. 


Write for descriptive folder 
VINYL INDUSTRIAL 


SLUSH MOLDING :. B. BLUE OVENS 
AND COMPANY AND 


DIPPING CONNECTICUT AVENUE PROCESS 
EQUIPMENT SO. NORWALK, CONN. EQUIPME!'! 








Request Bulletin JH-104N for complete 
data plus helpful charts on column 
strength, cylinder forces, factors of 
sofety, acceleration, pipe pressure 
losses, CFC. sows an — 








HYDRAULIC 
CYLINDERS 


FOR UNLIMITED SEAL LIFE! 


ALL TEFLON* SEALED Against External Leakage 


TEFLON is impervious to all known hydraulic fluids, including all 
fire-resistant and special types — and withstands temperatures from 


—100°F. to plus 450°F. 


TEFLON SHEF SEAL 
AT TUBING ENDS 


No blind assembly. Is 
Shear-proof 
Heat-proof 
Extrusion-proof 
Fluid-proof 


TEFLON SEALS ON 
PISTON ROD AND 
BUSHING 
Teflon rod flange seal 
requires no adjust- 
ment. Teflon bushing 
seal is shearproof. Tef- 
lon wiper keeps dirt 

out. 


TEFLON SEALS ON 
BALL CHECK AND 
ADJUSTING SCREW 
Non-protruding, _ self- 
locking, cushion ad- 
justing screw __ inter- 
changeable with ball 
check for easy access. 


CASE-HARDENED CHROME PLATED PISTON RODS 


Provide foolproof protection against seal failures resulting from rod 
damage. The Miller case-hardened rods (50-54 Rockwell C) give 
practically complete immunity to damage from hammer blows, 
wrench-dropping, mishandling, etc. The hard chrome plating over 
the case-hardened rods protects against scratch-damage and rust. 


AVAILABLE IN TWO TOP QUALITY LINES 





SEVERE 
OPERATING 


JOB-RATED 


CONDITIONS 


| MopeRATE | 
OPERATING 


CONDITIONS | 2000-3000 PS! CYLINDERS 


YOU SAVE THIS 7 IN 
PRICE OVER STANDARD 





Model “3” 
1500 
1000 
1500 

1000 
1 800 
800 
500 
500 
500 


PRICE SAVINGS 
OF 27% OR MORE! 


19 mounting styles, 
all strokes, cushion- 
ed and non-cushion- 
ed. Large selection 
for immediate ship- 
ment, 


500 











Ed sear proor 
EZ] Heat proor 
Ta extrusion proor 
Ca rivio proor 


Pp Teflon Pressure Energized 
Hydraulic Cylinder 
Tubing End Seai 





1500 PSI 


2500 
1500 
2500 
1500 
1200 
1200 
800 
800 
800 





800 


2500 PS! | , 


7% 

27% 

28% 
32% 

35% 

37%, 
43% 
50% 


meee 7\ co 
71% 
76% 

Not Available in 

2000-3000 PSI 





POWER-PACKED 
Model “H” 
50% More Power 
Per Cylinder 
Dollar! 





WW" 


ioned. 





3,000-5,000 P.S.I. 


through 
mounting styles, strokes up to 
22 ft., cushioned and non-cush- 
Large selection for im- 


mediate delivery. 


For 


12” bores, 17 








*DuPont trademark for its tetrafluoroethyline resin 


OTHER MILLER QUALITY FEATURES 


® Solid Steel Heads, Caps 
and Mountings. 
® Precision-Honed Barrels. 
© Rust-Resistant Coating on 
All Non-Wearing Surfaces. 
® Space-Saving “Square” Design. 


2020 N. Hawthorne Ave., Melrose Park, Illinois 





R 
quality engineering puts 


efficiency into Shaw machines 


The cost-cutting performance of every Francis Shaw machine 
and its thorough dependability are the result of long experience 
and unvarying high standards of engineering in every detail 
of manufacture. 

Close-limit accuracy and rigorous inspection during manu- 
facture guarantee to the user a consistently high quality 

output from Francis Shaw equipment. PLASTIC EXTRUDER. Fine temperature control is a 

a ee . vital feature of Francis Shaw extruders. All electric 

heating in separate zones is provided, each zone being 

eparately controlled by proportioning instruments. A wide range of 

screw and die designs is available for the production of piping, 


sheeting sections and the os and insulation of cables. 
Extruder sizes from 1” to 12 








lac 


i CALENDER. A comprehensive 
range of Francis Shaw Calenders is 
avail able for the processing of all 


— rubber and plastic materials. Flood 
Lubrication and hydraulic roll balancing available 
on all production sizes. Roll Bending can be fitted as 
an additional refinement. All sizes available from 
13° x 6 to 92° x 32 Two-, Three- and Four- 
Bow! Designs 


5 | NTERN . ist, high 

Adamson United Co., 730 Carroll Street, eens. Avian. L 

Akron, have the manufacturing and selling : SES ternal Mixer for mixing 
rights of the Shaw Intermix and hold non- - c 

exclusive selling rights in Central America, plastic compounds at lower-than-normal 

South A and M . temperatures. It is supplied with steam 

outh merica, anc exic heating fox plastics and other materials. 


and the exclusive rotor design ensures 
F R ' N Cc | consistent high quality mixing. 


- r QUALITY ENGINEERING FOR QUANTITY PRODUCTION 
. Francis Shaw are available for the design, manufacture 
and installation of a wide range of processing equipment 

* 


FRANCIS re & Ae LIMITED MANCHESTER 11 ENGLAND 
FRANCIS SHAW (CANADA) LTD GRAHAMS LANE BURLINGTON ONTAR'0 


LONDON OFFICE: 22, GREAT SMITH ST. WESTMINSTER, S.W.1. PHONE: ABBEY 3245 (3 Lines) GRAMS: VIBRATE LONDON TELEX 2-° 5° 
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a COMPRESSION MOLDING PRESS 


LAMINATING PRESS > 


ERIE ENGINE & MFG. CO. 


EEMCO also designs and 


RUBBER and PLASTICS gg Fae Nagy 
PROCESSING MACHINERY 


laboratory mills up to 84 
inch mills. 


4 
— wv» 
‘a. >» 
Erie Engine & Mfg. Co. designs and builds presses for com- & 
pression, transfer, laminating, and reinforced plastics molding, e : 

plus a complete line of mills. EEMCO presses are built in any ; 
tonnage, stroke, daylight or platen size, and any closing speed 

to fit your particular needs. Pumping units, if desired . . . en- 

gineered to fit your operation, with automatic or semi-automatic 

controls. One press or several . . . large or small . . . EEMCO 

can supply you promptly and dependably with heavy or light a 
duty rubber and plastics processing machinery . . . tailored to fit a 
the job. 





Roving Cutters, Fiberglass Preform 
Machines, Curing Ovens, Up or 
Down-acting Presses, and Electric 
Hydraulic Power Units for process- 
ing Reinforced Plastics. 


























Let us quote on our standard units or 


build to your specifications. 

| 

*¢ FIBERGLASS PREFORM MACHINE 
DOWNWARD ACTING REINFORCED PLASTICS PRESS e — 


—_fFT a) ERIE ENGINE & MFG. CO. 


954 East 12th Street, Erie, Pa. 








Designers and builders of a complete line of Mills and Hydraulic Presses for the 
RUBBER, PLASTICS, FIBERGLASS and WOOD PRODUCTS INDUSTRIES. 





THERMEL. THERMEL “Custom-Built” jobs are 


constantly turned into Standards 


Engineered Heat that are accepted in the Industry! 


has solved many 
of the toughest 
jobs in 

the Plastics 
Industry! 


xm 


at 
peg 





Exploded 
View 


THERMABANDS THERMAHEATERS THERMAPLATENS 




















THERMATUBES MINITUB 
ee EES THERMASTRIP BANDS 


BRING YOUR PROBLEMS TO US NONE TOO LARGE — NONE TOO SMALL 


* 
Dhermel, Inc. 9408 Robinson Road, Franklin Park, Illinois 


“A Suburb of Chicago” 
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69 KR 
a 
69 SHV 
Horizontal splitting machine 
30” working height 
Working widths 64” and 80” 
Standard length of table 5 yds 


For cutting endless foils 
rom cylinders of 
plastic foam products and P 
UNICREST. Maximum @ 
f cylinder 60”. Working bad 
width up to 80 ys 

— 

Fully automatic 


Plastic Foam Cuttti 1g Machines 


My Representatives: General Foam Corporation 
640 West 134th Street, New York 31, N. Y 


















69 KP 
For the manufacture of profiled 70 Vv 
plates of POLYURETHANE 
Working width up to 80’ 
Feed 8.5—28 m/mim 


Vertical cutting machine 
Working height 23.6” 

Dimensions of table 80” « 80” 
Fully automatic if desired 
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Profitable Plastics 
Processing ... Use Fostoria 


Infra-Red Ovens or Parts 




















STEAM ELECTRIC 
OIL 


HEATING COOLING 
or HEATING and COOLING 





to Assemble Your Own 





- —S, Fostoria infra-red ovens are cus- 
4 ->\ tom built to fit each customers 
GaN; 1) }| requirements. Electrical controls 
\/ ji AN 4} = can: be included to maintain 
| r —_— T close heating tolerances, on 





critical jobs. 


Medes 40-000 Series sections Fostoria can also furnish infra- 
use G- amps in 125, 250, — - ' » ‘ 
78 eat Ue cam ae red parts for do-it-yourself pro 
Low first cost, Efficient, eco- grams. Parts are the same high 
nomical operation. Wide quality materials that go into 
° 





r f 
ange of heat output tactory built ovens 


Fostoria infra-red equipment is . 
suitable for all types of drying, Ua ity “a a AT A PRICE 
= dehydrating and curing applica- 
: tions in the plastics field. If it’s ° ° 
= near or far infra-red you wish, é. Werieds eee TO SATISFY YOUR 
= > come to Fostoria. MOST URGENT NEEDS 


—~ Write Department MP for liter | . 


ature 56-106 describing plastics | 





] Model 51-000 Series sections installations | We offer a complete THERMO ENGINEERING SERVICE | 
vse quartz lamps, quart ea : ° | 
tubes or metal reds. Ideally O. E. M. Arrangements Available 


suited for a wide range of THE 
heating jobs. Choice of 


a 
ctuntatend or gold reflec- storia 


* 
PRESSED STEEL CORPORATION 
a a a CUSTOM ENGINEERING C0 
. 


LARGEST MANUFACTURER OF COMPLETELY ENGINEERED : 
INFRA-RED OVENS AND COMPONENTS IN U.S.A. P.O. Box 1343 ¢ Phone 0-1335 ¢ Erie, Pa.| 


SIMPLE DIE SETS | 
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COATING AND HANDLING SYSTEMS 
for 
TEXTILES - PAPERS - FILMS - FOILS 


ROLLEVATOR, OVENS 


For the maintenance of constant heat exposure in web 
treating systems regardless of changes in line speeds, 
including stoppage. 






































PLASTISOL COATING SYSTEMS 


The application of high solid vinyls to webs is accom- 
plished with IOI integral coating, fusing and embossing 
systems for producing a multitude of end products. 


ORGANOSOL COATING SYSTEMS 


These IOI systems apply organosol dispersions in 
volatile solvents to webs at high production rates to 
produce artificial leathers, pressure sensitive tapes, book 
cover cloths, etc. 


HYDRASOL COATING SYSTEMS 


For the application of water dispersions of various 
resins, such as vinyls, rubbers or neoprenes, to various 
webs for such uses as paper backup for tapes, decorative 
papers or industrial fabrics. 


IMPREGNATION SYSTEMS 


For the continuous saturation and impregnation of one 
or several webs under complete process control using 
polyesters, latices, varnishes and silicones—for many 
important industrial products. 


SILICONE CURING OVENS 


Batch or continuous operation with silicone rubbers or 
resins for molded, extruded or coating applications. 






































Write for descriptive literature, specifications 
and complete detailed information 


INDUSTRIAL (0), OVENS, INC. 


13817 TRISKETT ROAD CLEVELAND 11, OHIO 















































MR. INJECTION MOLDER! 


OVER CAPACITY « UNDER CAPACITY 
























“» (73 HEATING 
CYLINDERS 


@ UNIFORM LOW-COST NOZZLES 
use rugged 1%”-8 thread. 


@ UNIFORM HEATER BANDS 
4, 6%2, 8, 9% and 10%. 
In stock at all times. 

© UNIFORM PERFORMANCE 
regardless of press make 
or model. Cylinders 
engineered to fit your 
machine. 


© UNIFORM WALL SECTIONS 
uniform heat transfer — 
uniform heating — no hot 
spots — no place for 





ee ee ee eee 





plastic to hang up — 
positive joint seal! 
© PROVEN 
in nearly 1000 installations 
on every make and model 
of injection machine. 












IMS offers 2% to 3 weeks delivery on 
Quality Replacement Heating Cylinders, 
engineered to meet your requirements. 










More Capacity? Less Capacity? Nylon Shut- 
off Type—Mixing Type? Vinyl? Write Today! 


Cut your press downtime — cut your 
maintenance costs. Have your foreman send 
us the few simple measurements we need 
to build a Uniform Design Heater for your 
specific press. Do it NOW! 





Send for our Heater “How Book"’ 
today. It tells about the men and 
materials that combine fo give you 
IMS Standardized Design Replace- 


me te Sas INJECTION MOLDERS SUPPLY CO. 











3514 LEE ROAD © WYoming 1-1424 e CLEVELAND 20 OHIO 
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Be a pagem in the fast-moving plastics 
with equipment designed to keep production 
to modern trends. Hydraulic 

speed output and costs. They 
engineered by men experienced in the 
industry. These men are ready to help yo 
special requirements as well 


equipmelit ss ee 
Orci j 


For descriptive literature on these 
Presses, write for Bulletins 340 and 352. 








Arbor Hand-Operated Power-Operated Guided Gap Type Movable 
Presses Hydraulic Hydraulic Platen Presses Frame 











Sell it For More 
Make it For Less 


WITH 


VACUUM METALLIZING 


Even though it is priced at $1.00 more, a vacuum metallized desk novelty 
outsells a painted model of the same product 10 to 1. Vacuum metallizing 
helped a reflector manufacturer cut his total cost 65% and his customers 
liked the new product better. 

Vacuum metallizing can give almost any product a gleaming metallic 
finish in any one of a variety of rich, exciting colors. It hides surface 
blemishes and permits the use of lower cost base materials. Metallizing 
costs can run as low as 1/5¢ per square inch. 

Clear plastic parts are often metallized on the reverse side to give the 
appearance of a brilliant metallic piece cast in the plastic. Intricate, multi- 
colored designs can be economically produced. 

You owe it to yourself to get in touch with your nearest NRC engineer. 
Without obligation, he will evaluate your application, supply metallized 
samples of your product and estimate your processing cost. 

If requirements make it profitable for you to buy your own NRC equip- 
ment our engineers are ready to 
lay out your facility, supply all 
equipment, supervise its instal- 
lation and train your operators. 

If your volume doesn’t justify 

equipment of your own, we'll NJ | 
9 than — square inches recommend sources for having EQUIPMENT 
NRC “Rapid Vacvun Coster” your particular kind of work CORPORATION 
Tank sizes range from 12” di- done. Write or phone us today. 
ameter by 13” high for laboratory 


ise to 66” diameter by 60” long 


A DEPT 198.160 CHARLEMONT ST . NEWTON 61. MASS 
for high volume production. 


A Subsidiary of National Research Corporation 


OFFICES: Atlanta ¢ Boston « Chicago ¢ Cleveland ¢* Houston ¢ los Angeles * New York «© Palo Alto « Pittsburgh 
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Greatest Molding Machine 
development in years!! 


LON BARD’S 
NEW 4-6-8 oz. INJECTION MOLDER 


Compare Lombard’s position in relation to the 
5 other leading U.S. machines of this size 





| LOMBARD A 

INJECTION RATE (cu. in./min.) 2 | 1 
PLASTICIZING CAPACITY | 4 
MAXIMUM CLAMP STROKE 1 
MAXIMUM DIE SIZE ye 
; 4 


not rated 


3 


MAXIMUM DAYLIGHT 
MAXIMUM _ DIE HEIGHT 








5 
6 
5 


ets 








Compare these features available at no extra cost: 


. SINGLE VALVE MANIFOLD 6. PLUNGER PREPOSITIONING AND STUFFING 
. ADJUSTABLE PLUNGER SPEED CONTROLS 
. ADJUSTABLE LINKAGE SPEED 7. ADJUSTABLE INJECTION STROKE 


. SEPARATE BOOSTER AND HOLDING PRESSURE 8. ADJUSTABLE CLAMP STROKE ‘AND LOCKING 
CONTROLS PRESSURE 


. HYDRAULIC MOVEMENT OF INJECTION AND - VIBRATION LEVELING MOUNTS 
LINKAGE UNITS 


COMPARE AND YOU'LL WANT COMPLETE INFORMATION 
Write for all the details today 


LOMBARD GOVERNOR CORPORATION 


ASHLAND, MASSACHUSETTS 











» 













Tracer-Controlled Gorton Pantographs, Die mold for the plastic cover of a silverware 
and Mold Duplicators and special machines’ chest. This is one of many examples of 
constantly make important contributions special operations that make the Gorton 
to your industry. The illustration shows Pantograph almost indispensable in many 
how an intaglio design is transferred from _ Plastics plants. 











an enlarged master to the work piece for patties Sh mad ponent Write for Bulletin 
fast, low-cost production of a high-quality — from tiny pieces on up. 2070-A. 
GEORGE GORTON MACHINE CO., 1320 Racine Street, RACINE, WIS., U.S. A. 
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Compression Molding | Transfer Molding 
Reinforced Plastics | Laminating & Hobbing 


M & N Hydraulic 
























Presses: Reinforced Plastics 


t Presses. Capacities 
§ to 500 tons. Ploten Sizes 
8 18” x 18” to 4’ x 8’ 





Molding 
25 


tons 





' 

Fast, accurate and dependable—these are the reasons so many : 
manufacturers prefer M & N Hydraulic Presses. The many models 4 6°” > tag ns to 2000 
include hand-operated, semi-automatic and all-automatic control  ! ad 
systems . . . feature special “V” packed ram that eliminates ‘7 
leakage problems and minimizes friction losses. Fully instrumen- 
tized presses available for high or low temperature plastics 
applications . . . offering precise control of time, temperature 
and pressure. 





Units available with—power or gravity return platen—pressure regulator 

adjustable crown—automatic horse-power reduction during curing cycle 
single or multiple platens—upper and lower “knockouts”—rapid speed 

advance stroke with adjustable automatic slowdown—electrically heated 

or steam heated platen arrangements. 

Whatever your hydraulic press requirements—get full details and cost 

comparisons from M & N ... you will find that it pays. 

Presses Built to Order for Special Applications 


, . M & N Modern Hydraulic Press Co. 
Wite for Complete Ioemation 779 ROUTE 3, CLIFTON, NEW JERSEY 














HYDRAULIC 
PRESSES 


for Compression Molding 
Transfer Molding 
Laminating 


French builds a complete line of standard and custom made oil or water 
hydraulic presses in sizes up to 4000 tons. Available in either side plate 
or column type construction, self-contained or for use with accumulators, 
these presses are supplied with semi automatic controls. Backed by many 
years of hydraulic engineering and manufacturing experience, French 
presses are designed to meet specific job requirements. Incorporated in 
the basic design are many outstanding and patented features that have 


earned them an enviable record for high quality production efficiency 


di : f . 519 ton Transfer Molding Press; 30” Stroke; 38 
and low cost, maintenance-free, operation. to 60 Adj. Daylight; 34” x 32/2” Pressing Sur- 
face; 3000 P.S.1. Working Pressure 











grer cr 





200 ton press; 36” Stroke; 54° Day- 800 ton press; 24” Diameter ram; 300 ton Compression Press; 194,” 
light; 72° =x 48” Pressing Surface; 16” Stroke; 41” Daylight; 48” x 36” Diameter ram; 2000 P.S.1. Working 
2000 P.S.1. Working Pressure Pressing Surface Pressure; 24” Stroke; 28” to 52” adj. 
Daylight; 48” x 31” Pressing Surface 


Illustrated are only a few of the many types 


of presses designed and built by French. For 


more complete information and _ illustrated HYDRAULIC REPRESENTATIVES ACROSS THE NATION: 
. Ls Boston — New York — Cleveland 
bulletins on French Hydraulic Presses, write us PRESS 


Chicago — Denver — Los Angeles 
Akron — Buffalo — Detroit 


today! DIVISION THE FRENCH OIL MILL MACHINERY CO. 


1000 Greene St., Piqua, Ohio 





we: I) A [WOR M DESIGN GIVES 


ACTOR-EXTRUDERS 


BILITY, OUTPUT 


When you invest in WEI equipment you know in 

wr advance exactly what production you can count on: 

rh S output and quality is pre-established by our research-engineering 
team. Problems inherent to your materials and your manufacturing 

processes are solved on custom-fitted dual worm equipment .. . labor-saving, 
space-saving, continuous all-in-one operation machines. In the whole range 

of thermoplastics . . . and rubber, as well... Welding Engineers compounding- 
extracting-extruding equipment continues as the most reliable in the service of 
America’s foremost plastics and rubber manufacturers. Write for catalog No. 891. 


CO EE 2 ee 


Dual each: 


aD 








each: each: each: each: 

Worms 2" dia. 2.8"' dia. 3.5'' dia. 4.5"' dia. 6.0"' dia. 
Pues tated 3%"die. 5" dia. 6" dia. 8" dia. 10" dia. 
At Worms 








Drive Motor For 
Standard Duty Machines 10 25 WP co 100 


Drive Motor For 
Heavy Duty Machines 7s 150 WP 300 








Floor Space J ? U ‘ tgit ' ’ ' ' ‘ 
(Exclusive of Motor) a 3x8 36 x10 4x14 5'x 20 
Weight of 

| Machines | 2500 Ibs. 4000 Ibs. 6000 Ibs. 8000 Ibs. 28000 Ibs. 
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6-inch devolatilizer 
for removing large 
percentages of 
solvents 


Machinery Sales Co 


California 


resentatives for Europe and the British 


sles — Welding Engineers Ltd. Geneva, Geneva. Switzerland 





Watson-Stillman molding 


HORIZONTAL INJECTION MOLDING MACHINES 


Automotic and semi-automatic, high-speed machines for molding all 
types of thermoplastics. Latest features assure flexibility required to 
mold a wide variety of compounds and intricate parts. Capacities, 
5 to 500 ounces. 


PE-175... latest addition to the W-S line 
of preplasticizing-type molding machines. 
Available in long or short stroke designs. 


Capacity: 175 ounces. 


VERTICAL INJECTION MOLDING 
MACHINES 


Designed to meet the need for low-cost high 
speed production of small intricate mold 
ings. Also well adapted to molding parts 
requiring inserts. Capacities: 1, 2, 6, 16, 20, 
24 ounces 


TRANSFER MOLDING MACHINES 


Standard four-column designs incorporating 
the latest features for molding thermoset- 
ting compounds. Ideal for small insert parts 
and cores. Adjustable opening to accommo- 
date a variety of mold sizes. Capacities: 
30 to 2000 tons. 


COMPRESSION MOLDING PRESSE 


Can be converted to transfer press W!" 
transfer cylinder. Standard equipment " 
cludes bolsters, parallels, degassing, odiv 
able openings, top and bottom »'ripper 
push-button control. Capacities: 50 
2000 tons. 








ad on) ndustry’s first fully 
rolthielsale hit Pela-selebiilab ails) 


type molding machine in a 


size as small as 15 ounces 


* y Xe helalicle| tem islela( ama 74-1) 
ey Sh tao labige) Mo) ME ile) ME Lilla 
ness and lower injection 
pressures 


Watson-Stillman is widely known for its “Completeline” of 
plastics molding machinery. From this line you can choose 
a model for virtually any molding requirement...a precision 
machine, built by specialists in molding equipment. Modern 
features of design assure high output at low cost. 

Also available to ‘““Completeline” users is Watson-Still- 
man’s engineering counsel—a service which has grown out 
of the company’s long association with every branch of the 
plastics industry. Whether your application requires a stand- 
ard or special machine, Watson-Stillman engineers will be 
glad to help you discover the most economical solution. 

Write for quotations, or complete details on any of the 
equipment shown. 


WATSON-STILLMAN PRESS DIVISION 


FARREL-BIRMINGHAM COMPANY, INC. 
565 Blossom Road, Rochester 10, New York 

Telephone: BUtler 8-4600 

Plants: Ansonia and Derby, Conn., Buffalo and Rochester, N. Y 

European Office: Piazza della Republica 32, Milano, Italy 
Represented in Canada by Barnett J. Danson, 1912 Avenue Road, 
Toronto, Ontario 
Represented in Japan by The Gosho Company, Ltd., Machinery Department 

Tokyo, Osaka, and Nagoya 


WATSON-STULMANW 





GENERAL-PURPOSE PRESSES LABORATORY PRESSES 


molding and laboratory work, or for Designed for experimental work and wher 

as laminating press. Micro pressure ever pressures of 30 to 100 tons are re- 
jiustment makes them ideal for testing quired on small areas. Ideal for die work, 
rposes. Automatic single-cycle control laminating and hot or cold molding. Capac 
verns press dwell under pressure. Capac ities: 30, 50, 100 tons 

30, 50, 100, 200 tons. 


DIE-SINKING PRESSES 


For producing dies that will meet the ap 
proval of the most exacting molder 
Equipped with extra heavy platens, pump 
ing unit, standard control valves, gauge 
piping, anvil and inserts. Capacities: 200 
to 3000 ton 








thitlock Terr: Complete Line of 


CONVEYORS - DRYERS + SPECIAL EQUIPMENT 


for handling all plastic materials! 


Bulk Handling Conveyors Filter Cone Attachment 


Automatic or manual - capacities Automatic - eliminates dust caused 
to 2,500 Ibs. per hour when transferring plastic materials. 


Automatic Dryers 
Dehumidifies drying air to a The Whitlock line gives you both standard and 
minus 20 dew point in a custom built equipment. Write for complete catalog. 


close system - reneats Self $ i 
¢ system - proh WHITLOCK ASSOCIATES INC. ..- PPerting Conveyors 


material - capacities to 600 


Ibs. per hour 21655 Coolidge Hwy., Dept.£, Oak Park 37, Mich. 1,200 Ibs. per hour. 


- capacities to 











WOODEN ai 
SHELLS -ROLLS- CORES | | jenna 
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BEST HEAT pscseeete 
FOR PLASTIC MOLD! 


Dantex 


Speedylectric Steam Generator 


OPTIONAL TYPES In this plant making plastic printing plates, each press 

* The CAP WELD SHELL * CAP WELD SHELLS has its own Speedylectric steam boiler. Each press 1s 
shown above is de- * MACHINE ROLLS independent of the others, and each gets steam at the right 
signed for heavy * LAG ROLLS temperature and pressure. There is no big boiler to waste 
iy a oP power when only one or two presses are needed, and it 


offers the maximum * CAPPED END SHELLS : : > 
in long-life service. * CAPPED SQUARE SMELLS takes only minutes to bring a press up to temperature 
for a rush order. 





dansd dit 4, 
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These cylinders are all available in st $ or can 


be supplied on order to meet your individual specifications. For every plastic molding operation, a Speedylectric 


steam generator is the ideal answer. Using the most 
economical method of generating steam electrically, its 
CYLINDER MFG. CO. design eliminates low-water hazard and practically re- 
HAWTHORNE. N. J moves the need for attendance. Maintenance is nil, and 
there’s no risk of fire or explosion. Sizes from 2 to 60 Bhp, 
15 to 500 psi and higher. For more information, s 


Send for descriptive Brochure our catalog in Sweet's “Plant Engineering” File 
nai] write Pantex Mfg. Corp., Box 660S, Pawtucket 9, R. 


ESTABLISHED 1916 



























when you consider new 


INJECTION 
> MOLDING 
MACHINES 


from 4 to 60 Ounces... 


be sure to check the advantages of | 
LESTERS. The unique features of all 
standard machines (plus 14 optional 


auxiliary circuits for special jobs) 
give a flexibility of use that is 


unequaled in the field. 


Want complete ous : 
specifications ? Z “3 <a 

‘ Write today for 4 Si 
Bulletin 202. - ae 
A * % 
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LESTER-PHOENIX, INC. 
2657 CHURCH AVENUE ¢ CLEVELAND 13, OHIO 
Agents in principal cities throughout the world 


DRYER — BLENDER — HOPPER 


@ features engineering principles that 
assure fast and economical blending 
and drying 


SHEETING DIES 


@ scientifically designed to assure a uni- 
form material distributon. Adjustable 
gauge, width and temperature control. 


SHEET GLAZER 


@ built to glaze continuously extrudea 
sheets comparable to film lamination. 
Physical properties of glazed sheet not 
impaired 


POLISHED ROLL UNIT 


@ chrome-plated rollers are hand or hy- 
draulically pressure adjusted. Adapt- 


HAUL-OFF ROLLS and SHEAR 


@ hand or hydraulic pressure-adjusted 
rubber covered rollers powered for 
uniform-tension, synchronized haul-off. 
Guillotine type shears automatically 
timed to assure uniform sheet lengths. 


SHEET STACKER 


@ designed with variable speed unit 
power to assure uniformly regulated 
timing to extruder output. Scientifical- 
ly built to prevent possible sheet dam- 
age. 


HYDRAULIC PRESSES 


@ specifically built to the plastic indus- 
try’s varied sizes and capacities. Com- 
plete information available. 


GOULDING ENGINEERS 


@ ° your service to assist you with all 
your specific plastics equipment prob- 


Designers....Development Specialists and 
Manufacturers of Automated, High-Precision 


PLASTICS EQUIPMENT 








First in IDEAS! 


@ We are recognized design- 
ers and builders of equipment 
for processing the new Mullti- 
purpose Expandable Polysty- 
rene in molds, panels and 
laminated forms. Let us quote 
your requirements. 








able to customer's choice of tempera- lems. Write, Call or Wire . . . Your . : 
ture controls. Inquiry. 2929 RIVER ST. 


SAGINAW, MICHIGAN 











FAECO 


/ rocessing 


—— AUTOMATES 
Engineered Cutting 


/quipment 


Faeco Machine, designer 
ind builder of specialized 


machinery, offers you the PHENOLIC TUBE ROLLER. Handles 


tubes with 21.” 1.D. up to 127%” 
0.D. Widths from 40” to 60”. 


e Sheet Take Up 


following fine plastics 


Automatic Production Cutter 
Electronically Controlled For Speed and Accuracy 


processing ¢ quipment ~ 


e Blown Film Extrusion 
Dies Printing Cylinders 
Unwinders Dry Blenders 


e Combine your feeding, guiding, slitting, measuring, cutting and 
e 

Embossers e Water Bath Units 
> 
. 


conveying — also stacking if desired — in one automatic operation 
This machine takes materials from rolls or from a preceding process 


by synchronization. Also semi-automatic models. 
Laminators Cooling Trough = 
Casting Roll Units Haul-off for Blown HOBBS Knows Cutting 


Let Hobbs Automate A Cutting Plan To Your Requirements. 
Rotogravure, Flexogra- Film ° . 


hic Printing Machiner “TT 
: . : a 3 B B Ss MANUFACTURING COMPANY 
; 55 Salisbury St., Worcester 5, Mass. 


nat NR A ene tt AES 


Write today for complete details on these economical units 


Representatives in Irvington, N. J., Chicago, Ill., 

MACHINE Cco., INC. Cleveland, Ohio, @usnallie, S. C., Toronto, Ont. 
643 21st Ave., Paterson, N. J. 
ARmory 4-8566 WINDERS + HAND & POWER SHEARS ~- DIE PRESSES 


SLITTERS * CORNER CUTTERS 




















Readco Double Arm Mixers for 
Lab and Pilot Plant use—1, 3, 6, 
20 and 40-qt. working capacities. 
(20-qt. size illustrated) 





4 


Readco Vertical Mixers, planetary 
action, multiple speed, 12 to 175 
qt. working capacities. (Model 
K-20 illustrated) 


“ Whatever the mixing job: a READCO mixer! 


-— fia lore. ——————————— 





counterflow is key... 


to rapid, thorough mixing in 


reanco Spiral Ribbon Mixers 


You'll cut processing time, increase mixing 
efficiency with Readco Spiral Ribbon Mixers 


Counterflow action of ribbon agitators accounts for thorough, high- 
speed blending, assures equal mixing throughout the entire volume. 


Designed for batch or continuous mixing or blending of pulverized, 
granular, dry or wet materials, these mixers are supplied for opera- 
tion under pressure or vacuum, with or without temperature con- 
trolling jackets. 


Heavy-duty construction of carbon or stainless steel permits efficient 
service under long runs and rugged operating conditions. Working 
capacities range from 1 to 650 cubic feet. 


For more information see Chemical Engineering Catalog pages 1567 
to 1574D... or write direct. 









READ STANDARD 


York, Pennsylvania 


A Division of 
Capitol Products Corporation 


THE THROPP 60” MILL designed and built for 


MAXIMUM EFFICIENCY-SUPERIOR PERFORMANCE 
—MINIMUM MAINTENANCE 


his extra heavy duty 60” stream- 

lined mill is designed and built 
in every detail to provide dependable 
uninterrupted production under the 
rigorous service conditions encoun- 
tered in the Rubber and Plastics In- 
dustries. 





Built-in herringbone gear speed re- oer Se Se 

ducers, mounted on anti-friction 

roller bearings, insure proper align- Send for further information. 
ment with master gear and pinion at 

all times. Fully enclosed frames and 


guards keep cleaning and mainte- HROPP 
nance costs down. 
Thropp 42”, 50", 72” and 84” mills Wm. R. & Sons 


for the Rubber and Plastics Indus- Division of J. M. LEHMANN COMPANY, 
tries are also available. 


Inc. 
572 NEW YORK AVE., LYNDHURST N, J. 





More production! 
Dries as it loads! 


Thoresan ER 
HOPPER- 








XTRUSION 




















e production, lower 
tats higher products + Require N onis 
2. Easily adapted to ary * HYDROSCOPIE os 
aa snder hgh 
am and dries auto conditions . 
: roy without use of use our simp 
congress ait Hi-DRI UNIT . 


‘ 
_ Saves labor and floor “ poet 
he by eliminating drying 


ay for 
ovens Write today 


n 
nformatio 
¢. Compact mounts on complete | 
ater all, or can 
machine, on W 
be portable 


McCOSH, Inc. 


18208 W. McNichols © Detroit 19, Michigan « KEnwood 1-8877 














JOHANN FISCHER Abt. Maschinenbau-LOHMAR,Bez. KOLN 


TEL. LOHMAR 331-332 TELEGR. ADRESSE: JOFILO 
GERMANY 








You couldn’t ask for better ‘‘workers’’ than... 


ALSTEELE “Petetcos 


< 

Alsteele Granulator, Model 24 
x 36, for grinding very large 
molded parts without prior cut 
ting. Several models in th 
series are capable of granulat 
ing entire refrigerator door lir 
ers. Available in sizes 12 x 24” 
12 x 36”, 12 x 48”, 12 x 60” 
24 x 36”, or larger 


Versatile Alsteele Granulators 

Alsteele Granulators handle the entire range of thermo- 
plastics, whether the material be .001” film or 11”-thick 
chunk solids. Even the largest molded objects require no 
prior sawing. And Alsteele Granulators cut polyethylene 
and vinyl so the bulk factor will approximate your 
virgin material. 


Beside-the-Press Granulators 


complete ranae of 


For extra durability, the Granulator cutting chambers 
are all steel...for extra strength, the hardened forged 
rotor is machined from all steel... and for smooth, 
constant cutting the two large heavy duty flywheels are 
all steel. Heavy duty machines are water cooled. 


lo meet your every need in plastics reducing machinery 

whether for beside-the-press operation or for heavy 
duty chunk grinders—Alsteele Granulators come in 26 
models ranging in size from 3 HP to 200 HP, with 
cutting chambers up to 5’ 





Precision Alsteele Pelletizers 


The Alsteele line of pelletizers works with extruders 

2%” to 6” or larger. instant synchronization with an 

extruder is made possible by the U.S. Varidrive. And Hi-Speed Pelletizers to han 
ease of operation, maintenance and cleaning is insured fle entire extruder output Alsteele 5 x 10” 
ry extremely compact design gti a 
(Additional features are excellent uniformity of pellets, Water-Cooled Chunk Grinder 
and clean cutting action—even on elastomerics. A 

greatly lowered noise level is still another benefit. 


Call or write our office nearest you for full price, 





performance and specification data. 


AL STEELE ANelinlaaalomuel-l.coml ler 


84 Herbert St. Framingham, Mass. TRinity 5-5246, -5247 





Representatives New York Area Chicago Area Detroit & Cleveland Area Pittsburgh Area: West Coast: In Canada: 
Richard Ross C. J. Beringer Co C. H. Whitlock Assoc Automation Equipment & Supply Co Edmund J. Lynch B. J. Danson Assoc 
EL 5-5633 727 Echo Lane 21655 Coolidge Hwy. 513 Empire Bidg. 2025 Martha Lane 1912 Avenue & 
New York City Glenview, Il! Ook Park, Mich Pittsburgh, Pa. Santa Ana, Calif Toronto, Ont 








THIS COMPANY 
made an 
ACCURATE MOLD 
Tr 
1 HOUR and 50 MINUTES 
with 


DEVCON Ct 


At Northern Industrial Chemical Company, Devcon C was used to make a 
mold for phenolic parts in 1 hour and 50 minutes. The parts were molded 
at 350°F., 10,000 p.s.i. — complete experimental run was made without 
any change in the mold. 





Devcon C is a combination of heat resistant plastic and metals. It is 
especially designed for making low cost compression and injection molds 
and other applications where high strength at elevated temperatures is 
essential. Devcon C is simply poured and formed around model. Makes a 
precision reproduction of every detail. No machining is required. Has 
high strength at 400°F. or higher — good heat transfer — and is extremely 
tough. Hardens permanently within two hours. Can be machined with 
regular metalworking tools. Available in 1 Ib., 4 Ib. and 15 Ib. units 


Send for bulletin C today. Find out how you can get high quality molds 
at lower cost. 


DEVCON CORPORATION 


240 ENDICOTT STREET, DANVERS, MASS. 








For Cellophanes, Polyethylene, 
Mylar, Vinyls — 
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Solve Major Unwind Problems 


with HOBBS H-G WINDER 


Use this new versatile winder with 





machine or add it to new equipment. 
Hobbs H-G Winder lends 
set up. Provides controlled tension regardless of high or 


low speed and is absolutely synchronized with the un 
winding machine 


itself to your present product 


Set tension by dial for a wide range of roll changes 


Hobbs Enaineers Windina To Your Processir 


Ask For Illustrated Catalog Sheet on The Hobbs H-G Winder 





WINDERS 
} MD MANUFACTURING CO.| DIE PRESSES 
SHEARS 
=} _ §5 Salisbury St., Worcester, Mass. |(Hand & Automatic) 
Branch Offices and Representatives in Irvington, N. J., SLITTERS 
Chicago, Cleveland, Greenville, S.C. and Toronto, Can CORNER CUTTERS 








WILLIAMS-WHITE PLASTIC MOLDIN 


The versatility of WILLIAMS-WHITE design and construction is well 
represented in the 200 Ton Hydraulic Press as shown, installed in one 


of the nation’s leading aircraft plants. 


The press was purchased for such diversified operations as fibre- 
glass molding, metal bonding, production of honeycomb sections and 
other compression molding operations. The accuracy and selectivity of 
control permits the press to be used in either production or labora- 
tory projects. 


Steel plates, heated by steam and cooled by water, are mounted 
on the face of the table and slide. 


REPRESENTATIVES 

CALIFORNIA, Los Angeles: George A. Davies Machinery Co 
MISSOURI, St. Louis or Kansas City: Robt. R. Stephens Machinery Co. 
OHIO, Cincinnati: Columbus or Dayton: Seifreat-Elstad Machinery Co. 
OREGON, Portland: Allied Northwest Machine Tool Corp 

Wynnewood (Phila.): Edw. A. Lynch Machinery Co. 
PENNSYLVANIA, Pittsburgh: Frank Ryman’s Sons 
WASHINGTON, Seattle: Perine Machinery and Supply Co. 
WISCONSIN, Milwaukee: Pagel Machinery Co. 


BUILDERS OF MACHINERY SINCE 1854 


WILLIAMS-WHITE & Co. 


ILLINOIS 


300 EIGHTH Te I . MOLINE 


PRESSES . BULLDOZERS . BENDERS . PUNCHES e 
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Accurately 
With T-E’s Three-Unit Package 


For fast, convenient and 
highly accurate quality con- 
trol of plastic extrusions — 
T-E’s three-unit, tempera- 
ture measuring package is 
ideal. With it you can check 
actual stock temperatures 
—and then correlate these 
to controllers for correct settings. It helps you avoid production losses during 
start-up or when ambient conditions vary. The package includes T-E’s (1) “Plastic 
Melt’’ thermocouple, (2) ‘‘MiniMite”’ Portable Pyrometer Indicator and (3) exten- 
sion wire with jack connector. With the “Plastic Melt’ thermocouple installed in 
the extruder, the ‘“MiniMite’’ can be connected in seconds to provide a rapid 
reading. Accurate to 44 of 1% of scale range, the four Ib. ““MiniMite” can also be 
used to check other thermocouples or to calibrate controlling instruments. 
“MiniMite” Pyrometer Indicator Write for Bulletin 3-P. 


Thermo Electric 6.3nc 


SADDLE BROOK, NEW JERSEY 
| In Canada — THERMO ELECTRIC (Canada) Ltd., Brampton, Ont. T-E’s “Plastic Melt’’ Thermocouple 


NATIONAL RUBBER MACHIN 


Checking stock temperature with T-E’s three-unit package 
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Efficient “PACKAGE” 
Economical 
Precise Temperature Control MACHINE SHOP 


Safe and Dependable 


OVENS and DRYERS by STROMES 


for Baking, Drying, Preheating, Curing, Sintering, Aging, 


For Small Precision Work 


Sterilizing and Testing 


Stromes offers you a complete standard line of 
ovens and dryers, electric, steam, gas or oil. 
No matter what your application or process, 
Stromes has an oven or dryer unit to suit your 
exact needs. 
DRILL PRESS TAPPER ENGRAVER 
DRILL PRESS— Accurate, Durable, Sensitive. 1/10 H.P 
Universal Ball-bearing Motor 
and industrial ovens and dryers across the Head and Post Assembly Fits all Mi 
nation. Each is a testimonial to the ultimate in Engraver Bases 
performance, quality and construction. TAPPER— For Small-Hole Tapping Work. Reduc: 
Tap Breakage, Saves Time. 
Spindle, With Built-in Tap Chuck, 
stantly Removed 
Head and Post Assembly Fits Mico Er 
graver Bases 
ENGRAVER— 2-and-3 Dimensional Pantograph. Max 
mum of 6-Reduction Ratios 
Ball-Bearing Spindle with Micrometer 


Depth-Control 
STROMES OVEN SYSTEMS ACCESSORIES— Wide Variety of Cutters, Master Tys 


and Holding Devices Available. 
P.O. Box 41 Bronx 67, New York Send for FREE ‘Precision Apparatus’ Bulletins 


: = MICO INSTRUMENT COMPANY 
“Industry is our Career" —————— 80 M Trowbridge Street Cambridge 38, Massachu 


The skills of Stromes technicians and engi- 
neers are reflected in thousands of laboratory 


Write for our illustrated brochure. 


legal and insw 


throughout the United States. 


city, State, 














ROYLE 
i SPIROD 
EXTRUDERST 7 7” 
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The time-tested features found in Spirod 
extruders are the result of more than 
three-quarters of a century of experience 
in the design and construction of extrud- 
ing machines. These all-electric, com- 
pletely automatic extruding machines 
with zone-controlled radiant heat and 
high velocity evaporative cooling are 
equally efficient in processing either 
rubber or plastic compounds. 





é SEND FOR BULLETIN No. 463 














JOHN ROYLE & SONS ‘ore 


London, England Home Office Akron, Ohio Downey, Cal. Tokyo, Japan 
: James Day (Machinery) Ltd. V.M. Hovey J. W. VanRiper J. C. Clinefelter Co. H. M. Royal, Inc. Okura Trading Co., Ltd. 
Hyde Park 2430 - 0456 SHerwood 2-8262 BLoackstone 3-9222 TOpaz 1-0371 (56) 2130 - 2149 
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Thermolator 


Audomilie a 
Temperature 


Controllers 


Mold Temperature Control 
Yoliomal Cypacilies for Cvory Sige Frew 
THERMOLAT 


Accurate, Fully Automatic Mold Temperature Control Equipment 


MAXIMUM PERFORMANCE: 
Perfect Control + 1° F, 


Increases Production Rate and Quality 
Minimizes Scrap and Rejects 


Requires No Adjustments—Automatically changes 
from Adding Heat to Removing Heat according 
to need 


PORTABLE (Self-Contained) or 
REMOTE CONTROL: 


\t your option, Con 
trol Cabinet is detach 
ible for remote control 
of Operating Unit 
which then may be 
placed where desired 
Note I hermostatic 
Control Cabinet is lim 
ited to 15’ separation 


from Unit. Pyrometric ee Model J: The new, fully auto 


Control Cabinet may j , oo matic PHERMOLALOR 
be used anvwhere : * m . I Portable | 





and_ self-containes 
with capacity tailored 
your need. 


For Use In Injection or Vacuum Forming Molds; Rollers; Extrusion Process 


° ° i 
Specifications: 
Control: Either Thermostatic or Py Motors: Totally enclosed, 3-phase, 60 Electrical: To NEMA standards, am 
rometric. Automatically switches from cycle, 220/440 volt, on vibration available to JIC code. Control at 110 
Add Heat” to “Remove Heat” and mounted base. HP as required volts, power at 220/440, 3-phase, 60 
vice versa Heaters: Immersion Elements for 3 cycle. 
Pumps: Centrifugal mechanically phase operation, in main and aux Cabinets: Heavy steel. All instru 
sealed. GPM and PSI capacities to iliary circuits. Wattages according to ments and Operating Unit compo 
insure High Velocity Circulation heating needs nents accessible tor service 


Fit Your THERMOLATOR To Your Press Capacities: 


PRESS SIZE PUMP SELECTION WATTAGE SELECTION 
Pump Size Motor Size Wattage (Main and Auxiliary) 
2- 16 oz. /2"x %”, 10 gpm @ 28 psi Yo HP 4.5 KW divided 1.5 and 3.0 
16- 32 oz. %4"x 1”, 20 gpm 28 psi 3/4 HP 7.5 KW divided 2.5 and 5.0 
32- 60 oz. 1”x1/2”", 25 gpm 42 psi 1% HP 9.0 KW divided 3.0 and 6.0 
60-200 ox. 1’x1¥/_”", 30 gpm 70 psi 3. HP 12.0 KW divided 4.0 and 8.0 
200-300 ox. 1x 2”, 40 gpm @ 100 psi 5 HP 12.0 KW divided 4.0 and 8.0 














For Additional Information Write To . . . 


INDUSTRIAL vat CORP Specialists in Heat Transfer by Liquids 
. = 31 E. GEORGIA ST., INDIANAPOLIS 4, IND. 








































> Industrial Electronic Generators 
| and Heat Sealing Presses 






Electronic welding of vinyl plastics by Thermatron is rapidly 
replacing older, less satisfactory methods throughout the world. 
The dynamic force developed in these generators welds — does not 
stitch — plastic in seconds, to produce seams stronger than the 
material itself .. . air-tight and water-tight. 


Standard electronic generators and presses from 4% KW up to 
500 KW can be supplied with almost any degree of automation 
desired to weld vinyl from .002” to..080” as well as plastic foam, 
quilted vinyl sheeting and other special materials. Also available 
are completely automatic feeds incorporating turntables and con- 
veyor systems so that the plastic may be welded, cut and embossed 
in a single operation. 


Thermatron units are sold under one contract and one responsi- 

1 bility, which covers survey, generator, press, electrodes and their 
installation. Presses of custom design and electrodes built to order 

for special requirements. A few of the many models available are 
illustrated. For further information, write for our latest bulle- 50 KW 


tin MP. Thermatron 
Generator 









62S 6 KW 
P-16 Press, 
Turntable and 
Arc Suppressor 








K20H 2 KW 
Heater 
with Oven 





K32S 

with P-18 Press, 

Arc Suppressor 
ee re eee ee _—— and exposed safety system 























Welds— 


doesn’t stitch... 









Thermatron 
K5S 500 Watt Indexer 


P-5 Press 


' 

\ 

! 

! 

| 

| 

| 

| 

Inflatable toys Dress forms | 
Handbags Quilted seat covers | 
Raincoats Upholstery 
Wallets Drum liners 
Place mats Safety clothing | 
Shower curtains Welting | 

; Luggage Bags for packaging 
; ... and many others including special 
; products for the automotive industry | 
1 
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Thermatron Division 


RADIO RECEPTOR COMPANY, INC. 


Subsidiary of General Instrument Corporation 


SALES OFFICES: 251 West 19th St., New York 11, N. Y. WAtkins 4-3633 
Chicago: 2753 West North Ave., Los Angeles 22: R.A. Sperr, P.O. Box 6878 
St. Louis 19, Mo.: R.E. Fisler, 225 Baker Ave., Webster Groves-Factories in Brooklyn, N. Y. 








Whatever your requirements may be for extrusion screws 
variable pitch, multiple lead, increasing root diameters, 
with stellite or flame-hardened flights, out of any material 
.we can precision machine for you from your prints. 


Extrusion 
Screws Let us quote on your requirements. 


Typical screws manufactured to customer's specifications. 
All screws with mirror finish on flighted sections. 
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Extrusion 





Equipment 


Sheeting 
Dies 
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Johnson Sheeting Dies are made to exacting tolerances. 


- 


5 


Write for Detailed engineering 
information, delivery 


and prices. 


JOHNSON MANUFACTURING COMPANY 


229 S. MAIN STREET PHONE PARK 3-S222 CHIPPEWA FALLS, WISC. 





ee 


. made by JOHN DALE LTD., New Southgate, 
London N.11, afford the perfect method of 
closure. They can be sealed, unsealed and re- 
sealed by the slightest twist. Though resilient to 
conform to the mouth of the container they are 
tough enough for high-speed capping machines. 
Chemically inert and solvent resisting, the poly- 
thene liners must be precision molded to the 


closest tolerances. For trouble-free rapid pre- 


; cision molding, John Dale Ltd. rely on 


600 shots per hour 
12 impressions 
7,200 liners per hour 





Automatic FAST CYCLING 
INJECTION MOLDING 
MACHINES 


Write for the New Brochure 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET - LONDON ENGLAND 
Cables: ACCURATOOL LONDON 





ENGINEERING AND} 


for complet! iy 


Farrel-Birmingham makes a wide variety of 
machines for processing plastics. In addition, 
the company is prepared by experience to 
engineer complete plants or units of plants. 

The two layouts diagrammed here, were 
developed for polyethylene compounding and 
are typical of the projects handled from start 





ar 

to finish by the company’s process engineering 
division. The conventional system includes a Steel-bolt 
Banbury mixer which is automatically fed and conveyor 
discharges directly into an extruder. Material P 

. .* . Th Conventional layout for polyethy. 
is extruded in strip or strand form, then diced lene compounding, using extruded 

. . ie 

in a dicing machine. In the alternative setup, — strip or strand feeding to dicing e 
a pelletizer replaces the extruder and pellets na machine. 


are cut under water. 

[he process engineering division offers the TV 
following engineering services on the usual 
consulting-fee basis: 

1. Prepare a detailed analysis of the project, 
including (a) description of the operation, ] a 
(b) flow diagrams and layouts, (c) studies of 
established and new practices with recom- '] Automatic 
mendations, and (d) cost estimates covering bagging 
requirements for manpower, materials, serv- madiine 
ices and capital investment. 

2. Prepare all drawings and specifications ' 
for machinery; machinery foundations; struc- 
tural supports; electric, steam, water and air - 
services; material-handling equipment and cad 7777 
storage facilities. 

3. Obtain all necessary quotations. 
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Dicer or 
| Cooling tank 


Y dicing cutter 
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4. Purchase auxiliary equipment, such as Alternative polyethylene com- 
conveyors for delivering raw materials to the pounding system, in which pellets Drying 
: ; are cut under water. conveyor Shoke 


processing machines and subsequent take-away 
of finished or semi-finished product; also ma- 























chinery and equipment for cutting, cooling, H 
stacking, dicing, etc. 
5. Supervise the installation and start-up of : 
all equipment. ' Hopper ——— | 
Details of setups shown or information on ‘ i/ |, 
individual machines supplied on request. Weigh 
scale | 
FARREL-BIRMINGHAM COMPANY, INC. ileal pve ie 
utomatic 
ANSONIA, CONNECTICUT | begging 
Plants: Ansonia and Derby, Conn., Buffalo and 1 machine 
Rochester, N. Y. a 


Sales Offices: Ansonia, Buffalo, Akron, Chicago, Ann 
Arbor (Mich.), Los Angeles, Houston Fayetteville, (N. C.) 


European Office: Piazza della Republica 32, Milano, Italy 


F-B PRODUCTION UNITS 
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EQUIPMENT 


processing setups 
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arrel-Birmingham also designs and manufactures equip- 


nent for processing plastic film and coating. The size and 
lesign of the Banbury and mills assure an even flow of 
roperly conditioned material to the calender. Calender is 


riven by an adjustable-speed motor so that output speed 


ay be regulated according to the gauge of stock being run. 







Latest type Uni-drive Banbury 
mixer with hydraulically operated 
drop door for batch discharge. 


Strainer-extruder with combina- 
tion head for extruding in either 
strip or strand form. 


Close-up of special pelletizer head 
for under-water cutting of pellets. 


Photo courtesy Radix Wire Co 


PUT MORE 


PRODUCTIVITY INTO 
YOUR EXTRUDER WITH 
A RELIANCE V«S DRIVE 


‘T he productivity of an extruder depends 

upon how many shapes and forms it can 
turn out, and how many types of materials 
it will extrude. A Reliance Variable Speed 
Drive gives you more flexibility and puts 
maximum productivity into your extruder. 


With the wide speed range of a V*S Drive, 
a single extruder can accommodate a vari- 
ety of dies. Speeds can be automatically con- 
trolled or manually adjusted. 


The unique horsepower and torque charac- 


RELIANCE 


teristics of a Reliance Drive can handle a 
broad assortment of materials. Anything 
from rigid vinyls to pliable polyethylene can 
he extruded on a single machine with a V*S 
Drive! 


To put more productivity and profitability 
into your next extruder, be sure to specify 
a Reliance V*S Drive when you order. 


For further details contact your local Re- 
liance representative, or write today for 
Bulletin No. D-2506. D-1588A 





ELECTRIC AND, 
ENGINEERING CO. 


Dept. 153A, Cleveland 17, Ohio + Canadian Division: Toronto, Ontario 
Sales Offices and Distributors in principal cities 














Hull-Standard Corporation—backed by over 20 
years of experience in the plastics molding 
industry and nearly 2000 Standard Presses— 
now offers you a choice of Standard Presses to 
exactly meet your molding needs. 


COMPLETELY AUTOMATIC 
TRANSFER MODELS 


Newest Hull-Standard Press—now available after 
eight years’ design development and proven pro- 
duction performance. Compact design, completely 
automatic, especially suited to economical molding 
of small parts demanded by miniaturization in 
electric and electronic components. Makes possible 
closer tolerances and more fragile parts. Minimizes 
flash and finishing costs—particularly on parts with 
through holes. Model 99-A available, 15 tons 
clamping capacity. 

°° ee 


COMPLETELY AUTOMATIC 
COMPRESSION MODELS 


New, high speed, cost-cutting press offers you: 
HIGH PRODUCTION (Cycle less than 12 sec. dry 


cycle, plus large die area, 18" x 1824"). ECONOMY SEMI-AUTOMATIC 
(Only one operator for up to 10 presses. Low power COMPRESSION ond TRANSFER MODELS 


requirement 3 hp. motor). FLEXIBILITY (Quickset 


Cycle Control puts press cycling at your fingertips. A great money-maker as proved in over 500 mold- 
Wide range of closing speeds to meet requirement. ing plants. High speed, semi-automatic. First cost, 
i : . . ting cost and maintenance cost are all low. 

Readily adapted to semi-aut t t operating 
: A erage Many exclusive features. Sizes from 50 to 300 tons 


in compression and transfer types. Write for new 
tor, mold and machine). Sizes 50 to 300 tons. brochure. 


SAFETY (Sequence safety interlock protects opera- 


= ot . U i= 


wet mareoro. rene. = STANDARD 
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for MOLDING RUBBER 
ond PLASTICS 


Hydraulic presses, designed and built by Erie Foundry 
Company are precision presses in every sense of the 
word ... tonnages are accurate and precisely applied, 
platen temperatures are closely controlled, and molding 
cycles perform at split second timing. Erie Foundry 
Hydraulic Presses are flexible too . . . readily adaptable 
to almost any molding job. Write for complete infor- 
mation on these presses or on the complete line of 
Erie Foundry rubber and plastic hydraulic presses, 


TRANSFER and 
COMPRESSION MOLDING PRESS 


A flexible press for both compression and 
transfer molding is this 200 ton self-con- 
tained semi-automatic Erie press. This 
machine is equipped with a 55 ton trans- 
fer cylinder which can be timed separately 
from the main ram, as well as knock out 
cylinders on the bolster and a mechanical 
knock out for the top mold. Automatic 
cycling can be easily arranged to mold 
almost any product. 





STRAIN PLATE PRESS for (i. HOT PLATEN 
MINIMUM DEFLECTION | PRESS OF 


The platens stay par- | ECONOMICAL 


allel within .002” on , DESIGN 
this 314 ton press 
built of low-stress This 800 ton press is 
construction through- compact and rigid. 
out. This press can - Accurate platen align- 
be converted to trans- ment is maintained 
fer molding if desired. re with minimum deflec- 
We built the hydraulic ee over entire range 
lift table, too. of platen temperatures. 


Fd Aa Prd 
CALAN EY 


at 


Hydraulic Press Division 


ERIE FOUNDRY CoO. ERIE 9, Pa. 


SINCE 1895 THE GREATEST NAME IN HYDRAULIC PRESSES 











MINI-JECTOR> 


SOSOOHHSSSHSSSHSSSHSSHSSSSHSOSSHSESSOSOSS 
TRADE MARK 


PLASTIC INJECTION MOLDING MACHINES 


MORE VARIETY 


Save thousands of dollars in mold costs with 
MINI-JECTOR. Eliminate ‘“‘big press” high-per- 
piece tooling expenses! 


Over $4000 saved on one of the above items alone. Details on 
request. The more variety, the bigger the savings. Flexible, ef 
ficient MINI-JECTOR Plastic Injection Molding Machines an 
wer the critical need for lower cost development and produc 
f fast-changing varieties of small precision-molded plastic 
Savings begin with low initial investment for machine 
s low as $29.50). More im 


5s in time 


ind mold-blanks (a 


the major saving trouble and money de 


j producing wide varieties of items 


an 


by eliminating 


oe | 
Model 45 “Wasp” (bench), fast, low-cost insert molding 
encapsulating up to | oz. (center) New “‘Universal’’ Model 
nes features of 4 most popular MINI-JECTORS. (right 

rv Pr; ” 
adel 60 “’Super-Hornet’’ for most economy in moderate, con 


nal molding. Other models to suit your exact needs. (See 
] 


\ 


at LOWER COST! 


complex, 


costly big-press tooling where not required 
JECTOR solves your ‘‘tight margin’ 


runs (from test 
to moderate production); 


1 oz. 


also tricky “‘insert 
capacities in all thermoplastics 
pact, simple to operate 


air or hydraulic power to fit your facilities 


See complete MINI-JECTOR Line of Machines and Accessories. 


Illustrated catalog presents 
data 


detailed 
applications 


specifications 
the 
ments in plastic injection molding technique 
JECTOR has modernized methods in hundred 
free at your request (send the coupon) to 


on performance and newest 


Shows 
f plant 


NEWBURY INDUSTRIES, Inc., 
Box 3900, Newbury, Ohio 


vA \ 


Newbury Industries, Inc. 


Box 3900, Newbury, Ohio 


Send new catalog immediately (no cost 


clip co 
to your 
letterhead 
and mail 





MINI- 
samples 
molding up to 
including Nylon. Com 
lever and push-button control models, 


technical 
develop 
how MINI 
Mailed 


Thinking 
about 
mouldin 


presses? 


Moulding Presses for Rubber, 

natural and synthetic. 

Moulding and Transfer Presses 

for Thermosetting Plastics. 

Vacuum Forming Machines 

for Thermoplastic sheet. 

Laboratory Presses. 

Sheeting Presses. 

Presses for densified woods. 

Injection Machines for Thermoplastics. 
Ram Extruders for Thermosetting Plastics, 
P.T.F.E., Ceramics, etc. 

Pumping Sets, Hydraulic Valves & Fittings. 
Special Machines. 

Full Technical advice available. 


Installation and Maintenance service. 


ANIELS- 


LIGHTPILL IRON WORKS - STROUD - GLOUCESTERSHIRE - ENGLAND 


CABLES: TELEX 43-320 DANIELS STROUD ENGLAND 
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For FASTER, BETTER RESULTS in 


PLASTIC SLITTING & SHEETING 
DO IT with DOVEN 


MODERN PLASTICS PROCESSING EQUIPMENT 


25 STANDARD MODELS plus CUSTOM-BUILT MODELS 


FOR CONVERTING PLASTICS (2 to 40 gauge) CELLOPHANE, PO LYETHYLENE PLIOFILM, ACETATES, RUBBER, TEFLON, LEATHERETTE, 
PAPER, CLOTH, . . . any old or brand new material. PROMPT DELIVERY! 


ER 
you’LL DO BETT 
WITH DOVEN 


scientifically engineered 
for every 
slitting, rewinding, 
» converting need. 


No. L54 
DRUM-TYPE SHEETER 


For all Plastics, Cellophane, Saran, 
Acetate, Polyethylene, Paper, Cloth 








COMBINATION SLITTER-SHEETER 


For Plastics, Cellophane, Polyethylene, 
Cloth, Leatherette 


No. DRS-54-72 
DUPLEX REWIND SLITTER 


For Plastics, Cellophane, Acetate, Poly- 
ethylene, Saran, Paper, Cloths 


No. SR-54 
SINGLE REWIND SLITTER 


For Plastics, Polyethylene, Cello- 
phane, Leatherette, Coated Fab- 
rics, Cloth 
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No. BRS-12-18 
TEFLON BENCH SLITTER No. RD1700-24 No. FG-90 
For Teflon, Plastics, Polyethylene, Cel- DUPLEX BENCH SLITTER FIBREGLASS SLITTER 


lophane, Saran, Aluminum Foil, Con- For Plastics, Polyethylene, Cellophane, For fibreglass, woven or matted 
denser Tissue as thin as .00025 Saran, Paper, Foil, Cloth with pneumatic score cutters 


WRITE, PHONE FOR PHOTOS, 


APPLETON MACHINE COMPANY _ °° opie sue 


Appleton, Wisconsin 
DOVEN DIVISION 
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Free Product Literature 


WHAT IT IS—HOW IT HELPS YOU 


THIS SECTION is a review, essentially, of the free product literature which has 
been offered in issues of MODERN PLASTICS from September, 1957 through 
August, 1958. It includes as well, an appreciable number of new listings not 
previously published. The hundreds of pieces of literature listed here have 
been prepared, and are made available through the Encyclopedia Issue, by 
the companies who supply the basic materials, chemicals, equipment and serv- 
ices necessary to the production of plastics products. 


By sending for these booklets, brochures, catalogs, and technical bulletins, you 
can obtain quickly and conveniently the accurate, up-to-date basic facts you 
need for your planning and purchasing decisions. 


GET IT 


First, detach a white Reader Service Card from the last page of this section. 
Second, circle the numbers of the items you want. Third, print your name 


and address 


and mail. 





Resins and Molding Compounds, Foamed Plastics 


Illustrated 10-page 
t discusses the nature, manufacture 
nd future of polyethylene yarns and 

r po lye —— as related to the tex- 
idustry. Reeves Bros., Inc. (1) 
POLYETHYLENE RESIN. 8- “page bulletin de- 


POLYETHYLENE FIBER. 


a low molecular weight poly- 

e resin, which, because of a low 

iscosity and retention of tensile 

hemical properties, could be used as 

thylene hot melt in the roll coat- 

f paper for packaging. Eastman 

Prod., Ine. (2) 

USTRIAL RESINS. Illustrated 12-page 

let covers the properties and uses of 

ompany’s resins in rubber com- 

ng, cement and adhesive formula- 

ind the manufacture of bag molded 

| plywood, brake linings, abrasive 

electrical parts, etc. Durez Plas- 

div., Hooker Chem. Corp. (3) 

HENOLIC CASTING RESIN. Folder illus- 

procedures for using company’s 
c casting resin. Includes properties, 
tions of applications, Rezolin, Inc. 

(4) 

AMINE MOLDING COMPOUND. Techni- 
lletin contains data on properties, 

teristics, specifications of a granular 

fi . r-reinforced melamine material, 
ilarly useful in the electrical field. 

can Cyanamid Co. (5) 

YLON HANDBOOK. 36-page booklet de- 

‘Akulon” nylon. Includes proper- 

hese and illustrations of applica- 

Algemene Kunstzijde Unie N. V. (6) 


] 


REINFORCED MOLDING COMPOUNDS. Com- 
prehensive 36-page booklet describes uses 
of reinforced polyester molding com- 
pounds for large, complex shapes. Data 
includes selector chart; physical, mechan- 
ical and chemical properties; tables and 
recommended molding conditions for 
compounds containing various grades of 
glass fiber and nylon rag reinforcements. 
Atlas Powder Company, (7) 
PVC RESIN. Technical bulletin lists the 
chemical and electrical properties, appli- 
cations of a high molecular weight poly- 
vinyl chloride resin designed for extru- 
sion and calendering operations. Diamond 
Alkali Co. (8) 
PHENOLIC PRODUCTS. 12-page illustrated 
catalog describes line of phenolic resins, 
varnishes and molding powders. Includes 
special properties, features, suggested 
uses for phenolic and rubber-phenolic 
molding powders; phenolic laminating 
varnishes, foundry resins, coating resins 
and industrial resins. General Electric Co. 

(9) 
RESORCINOL RESINS. 16-page bulletin de- 
scribes resorcinol resins for bonding of 
materials such as glass fibers, wood to 
metal, acrylic and nylon plastics, plexi- 
glass, lucite and. polyethylene. Gives 
specifications, general information and 
test data. Synvar Corp. 10) 
BUTADIENE. 42-page technical manual 
presents basic data on butadiene: its 
properties, derivatives, specifications and 
present and potential uses, Petro-Tex 


Chemical Corp. (11) 
RESIN BOOKLET. 18-page illustrated book- 
let describes applications and properties 
of company’s tetrafluoroethylene, nylon, 
polyethylene, and acrylic resins. E. I. du 
Pont de Nemours & Company, Inc. (12) 
COATING RESINS. Folder gives general line 
of information on “Teflon” and “Kel-F,” 
specialized protective coatings for metal 
surfaces, and of a “Teflon”-impregnated 
and coated woven glass fabric. General 
Plastics Corporation. (13) 
TOOLING RESIN. Bulletin describes an 
epoxy tooling “kit” that includes resin, 
hardener and glass cloth. Explains tool 
making procedure, Gives prices. United 
States Gypsum Co. (14) 
LEAD-FILLED EPOXY RESINS. Technical bul- 
letin on a lead-filled epoxy casting mate- 
rial emphasizes its usefulness in fabricat- 
ing radioactivity-shielding containers and 
structures, summarizes properties and lists 
available formulations. Marblette Corp. 
(15) 
FILM ADHESIVES. Report describes adhe- 
sives in a dry film form for flat surface 
bonding of metals and plastics. Included 
is technical data applying to 4 and 11 
mil films and information on reactivation 
methods to achieve bonds. Rubber & As- 
bestos Corp. (16) 
VINYL EXTRUSION AND INJECTION MOLD- 
ING COMPOUNDS. Data sheets give prices, 
properties and color information for a 
line of vinyl molding compounds, with 
suggested uses that include lead-free welt- 
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ing, channel and gaskets, and opaque 
tubing. The Blane Corporation. (17) 
PLASTICS MATERIALS AND RESINS CATALOG. 
14-page brochure summarizes data for 
company’s urea, melamine, methylstyrene 
molding compounds; polyester, laminating 
resins; resin adhesives. Includes proper- 
ties charts. American Cyanamid Com- 
pany. (18) 
THERMOPLASTIC RESIN. Folder illustrates 
applications and discusses properties for 
company’s “Cycolac,” a high-impact poly- 
styrene copolymer. Marbon Chemical 
Division, Borg-Warner. 19) 
PVC COMPOUNDING. Technical bulletin 
lists checkpoints on selection of plasti- 
cizers, stabilizers, fillers and other addi- 
tives for use with company’s electrical 
grade “Pliovic” resins. Goodyear Tire & 
Rubber Co. (20) 
POLY METHYLSTYRENE MOLDING COM- 
POUNDS. 14-page booklet describes 
properties of polymethylstyrene and 
acrylonitrile-methylstyrene molding com- 
pounds, recommends specific areas of 
use, and describes proper methods of 
handling, molding, Awe ok and cement- 
ing pieces made of these materials. 
American Cyanamid Co. (21) 
ACRYLIC APPLICATIONS. 16-page illustrated 
booklet analyzes the product design pos- 
sibilities of Lucite acrylic resins. Detailed 
table of properties is included. E. I. du 
Pont de Nemours & Co., Inc. (22) 
PLASTICS PROPERTIES CHART. Comparative 
properties of a new polycarbonate resin 
and other thermoplastic molding materials 
are outlined. The new polycarbonate plas- 
tic shows outstanding impact strength 
and a heat-distortion point of 280-290° 
F. at 264 psi. Other test data includes 
electrical and physical properties, as well 
as molding characteristics. General Elec- 
tric Company. (23) 
DESIGNING NYLON PRODUCTS. 28-page 
manual discusses engineering design 
principles involved in developing product 
applications for nylon resins. Gives data 
on application of nylon’s physical and 
chemical properties to design calcula- 
tions. E. I. du Pont de Nemours & Co. 
(24) 
MOLDING COMPOUNDS. 12-page illustrated 
booklet presents a condensed run-down 
on a line of molding compounds, among 
them polyethylene, phenolic, melamine, 
vinyl chloride, and many other types. 
Monsanto Chemical Company. (25) 
SILICONES GUIDE. 16-page catalog de- 
scribes over 150 commercially available 
silicone products, including many intro- 
duced within this past year. Contains de- 
tailed charts, tables, graphs and data on 
properties and performance, along with 
illustrated examples of how silicones can 
cut costs, simplify design. Dow Corning 
Corp. (26) 
PVC COMPOUNDS. 54-page booklet dis- 
cusses the “Vygen” line of PVC resins. 
Also provides general information on 
plasticizers, stabilizers, colorants, fillers, 
lubricants; describes processing and test 
methods. General Tire & Rubber Co. (27) 
POLYESTER RESINS. 18-page handbook de- 
scribes characteristics of “Glidpol” line 
of polyester resins. Applications described 
include laminating, molding, casting, im- 
pregnating, surface coating. Properties, 
data also given. The Glidden Co. (28) 
BLACK PHENOLIC. 4-page booklet describes 
a black flock-filled material for molded 
parts which come into contact with water. 
Gives physical properties of powders and 
molded material. Discusses molding and 
equipment, preforming, preheating and 
finishing. Durez Plastics Division, Hooker 
Electrochemical Co. (29) 
STYRENE PROPERTIES CHART. 6-page bro- 
chure contains comparative —— 
chart of available styrene molding com- 
pounds, their formulations, granulations, 
and applications. Data and properties of 
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an acrylonitrile-styrene copolymer also 
are included. Catalin Corporation of 
America. (30) 
REINFORCED POLYSTYRENE. Engineering 
brochure on a glass fiber reinforced poly- 
styrene molding compound discusses its 
advantages, fields of application and 
properties; contrasts its characteristics 
with those of unloaded polystyrene; and 
gives data on recommended injection 
molding techniques. Koppers Co. (31) 
VINYL DISPERSIONS. 9-page primer on 
vinyl organisols and plastisols describes 
nature and industrial uses of these mate- 
rials, Gives general information on com- 
pounding principles, and on slush mold- 
ing and coating, dip coating, cavity 
molding, extruding and injection molding 
methods. Stanley Chemical Co. (32) 
“KEL-F."" Booklet briefly describes proper- 
ties of this thermoplastic eianion 
that can be molded, machined or fabri- 
cated, and gives extensive directory 
geographically arranged, of recommended 
molders, fabricators, and _ distributors. 
Minnesota Mining & Manufacturing Co. 
(33) 
WIRE AND CABLE COATING. Illustrated 
booklet discusses use of polyethylene and 
nylon resins in insulation and jacketing 
of wire and cable. Includes data on prop- 
erties and wire coating techniques. E, I. 
du Pont de Nemours & Co. (34) 
URETHANE. 7-page technical bulletin out- 
lines uses and gives detailed tabulations 
on the physical properties, specifications 
and analysis, and chemical properties of 
urethane. Food Machinery & Chemical 
Corp. (35) 
SANDWICH ADHESIVE. 4-page looseleaf in- 
sert describes multiple production ad- 
vantages of a structural sandwich adhe- 
sive with built-in filleting action. It also 
lists technical data, and fully describes 
process for sandwich and metal-to-metal 
bonding. Physical properties are discussed. 
Narmco Resins & Coatings Co. (36) 
METALLIC CASTING RESIN. 4-page bulletin 
describes liquid plastic for such casting 
or surface coat applications as the making 
of tooling, patterns, foundry covers. Lists 
physical properties and characteristics, 
and gives instructions for use. U. S. Gyp- 
sum Co. (37) 
POLYESTER RESIN. 8-page booklet describes 
a clear light amber liquid polyester resin. 
Discusses special features, recommended 
uses and properties. Naugatuck Chemical 
Div., U.S. Rubber Co. 
LIQUID POLYMER. 18-page booklet dis- 
cusses “LP-3”, a liquid polysulfide poly- 
mer that can be converted in place to a 
rubber. For potting and casting com- 
pounds, in adhesives and coatings, and 
for epoxy and phenolic resin modification. 
Properties, specifications, formulae, tables 
and graphs included. Thiokol Chemical 
Corp. (39) 
EPOXY RESINS. Illustrated 8-page brochure 
discusses properties, applications and ad- 
vantages of epoxy compounds in plastic 
tooling, potting and impregnating, coat- 
ing and adhesion. Formulations chart and 
checklist included. Marblette Corp. (40) 
HIGH DENSITY POLYETHYLENE RESIN. Illus- 
trated technical bulletin describes a high 
density polyethylene resin. Includes com- 
parison of properties with conventional 
polyethylene. Spencer Chemical Co. (41) 
HONEYCOMB STRUCTURAL MATERIALS. Tab- 
indexed 16-page booklet discusses cor- 
rugated, reinforced and expanded honey- 
comb, and describes the advantages and 
versatility of the product. Swedlow Plas- 
tics Co. (42) 
FOAMING AGENT. Handy file folder gives 
details on features and properties of a 
non-discoloring, non-staining, nitrogen- 
releasing chemical blowing agent havin 
special value for forming both closed cell 
and open cell polyvinyl chloride. Full in- 
formation is presented as to composition, 


appearance, density, solubility, stability 
static sensitivity, and effects of tempera. 
ture, contaminants and light. E. I. du Pon; 
de Nemours & Co., Inc. (43) 
FOAMED PLASTICS. Illustrated 8-page by. 
letin describes the properties, methods of 
use and application for a line of gas. 
expanded, foamed-in-place thermosetting 
plastics. Includes data on handling pro. 
cedures, machinability and colorability 
Nopco Chemical Co. (44) 
FLEXIBLE FOAM RESIN. 2-page technica] 
bulletin describes properties and preps. 
ration of “Pelron 9504,” a resin which 
produces a polyether-type flexible poly. 
urethane foa™. Pelron Corp. (45) 
PLASTIC AND RUBBER APPLICATIONS. Illus. 
trated 12-page brochure discusses differ. 
ences in performance characteristics of 
sponge rubber, vinyl foam and urethane 
foam for use as sealing, cushioning and 
dampening components. Brown Rubber 
Co. (46) 
EMULSIFIABLE POLYETHYLENE. 2 {-page 
technical bulletin describes  wax-like 
polymer which improves wax emulsioy 
coatings. Gives typical properties and 
discusses end uses and compatibilities 
with other materials. Semet-Solvay Petro- 
chemical Division, Allied Chemical Cor, 

(47) 
FLEXIBLE FOAMED PLASTIC. Illustrated 
4-page brochure describes the properties 
of a flexible cellular foamed plastic, avail. 
able in sheets and slabs in soft and hard 
textures. For insulation, vibration cop- 
trol, novelties, textiles, furniture, bedding 
etc. Plastics Div., Nopco Chem. Co. (48) 
FABRICATING EXPANDED POLYSTYRENE, 34- 
page handbook gives detailed instructions 
on sawing, planing, shaping, hot wire cut- 
ting, heat forming and grinding of ex- 
panded polystyrene. Also discusses selec- 
tions and use of proper adhesives and 
coatings. Dow Chemical Company (49) 
ELASTOMERIC ADHESIVE FACILITIES. 10-pagi 
publication describes Elastomeric adhe- 
sive production facilities for manufactur- 
ing special-purpose, solvent-based, pres- 
sure-sensitive and solvent-activated ad- 
hesives. Dutch Brand Div., Johns-Man- 
ville. (50 
FOAM PLASTIC. 12-page booklet describes 
“Cush-N-Foam,” a flexible foamed poly- 
ester material that can be cemented, heat 
sealed or sewn. Gives technical data 
properties and characteristics and sug- 
gested applications as a cushioning and 
insulating material. Hudson Cushion 
Foam Plastics Corp. (51) 
POLYSTYRENE SPECIFICATIONS. Folder con- 
tains specifications and suggests uses for 
company’s special line of general pur- 
pose, high-impact, and high-flow poly- 
styrene resins. Foster Grant Co., Inc. (52) 
RESINS FOR GLASS REINFORCED MOLDING. 
File folder contains properties, uses and 
curing data for line of company’s poly- 
ester resins which can be used for such 
articles as trays, fishing rods, boat hulls 
when glass reinforced. H. H. Robertson 
Co. (53) 
POLYETHYLENE SPECIFICATIONS. 16-page 
technical booklet contains detailed specif- 
cations data on the general, mechanical, 
and electrical properties of the “Tenite 
line of polyethylene resins. Eastman 
Chemical Products, Inc. (54) 
ADHESIVES AND SEALANTS. 12-page tech- 
nical bulletin gives data on polyamide 
epoxy adhesives, sealants, putties an 
patching compounds. General Mills. (55) 
VINYL FOAM. 14-page brochure describes 
properties and applications of foamed 
vinyl materials. Gives general information 
on fabricating methods, Elastomer Chem- 
ical Corporation. (56) 
POLYESTER RESINS. 24-page handbook de- 
scribes line of unsaturated polyestet 
resins, transformable into thermoset, trans 
parent plastics. Includes applications, 
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veneral properties, fabrication techniques. 
Pittsburgh Plate Glass Company. (57) 
RESIN. Technical information on “Dapon,” 
4 resin that serves as a cross-linking agent 
for low-shrunk polyesters, and in the for- 
mulation of plastics molding wders. 
Ohio-Apex Division, Food Machinery & 
Chemical Corp. (58) 
RESINS FOR FOREIGN DISTRIBUTION. Litera- 
ture prepared for foreign subscribers lists 
types of thermosetting, thermoplastic and 
ellulosic resins in company’s line. Also 
liseusses colorants for plastics. Interplas- 

s Corporation. (59) 
VINYL EXTRUSION COMPOUND. 12-page 
brochure describes “Vygen 1101”, com- 
pany’ unplasticized polyvinyl chloride 
pound for extrusion operations. The 
General Tire & Rubber Company. (60) 
POLYESTER RESINS. Folder contains 30 
pages of information on a line of poly- 
ester resins for hand layups, gel coats, 
matched molding, casting and laminating, 
ind provides specifications for resins in 
liquid, catalyzed and cured stages. Mol- 
{ez Corp. (61) 
FOAMED POLYSTYRENE MANUAL. Illustrated 
38-page booklet describes properties, 
haracteristics, and suggested product ap- 
plications for expandable polystyrene. 
Gives details on molding and fabricating 
methods. Koppers Co., Inc. (62) 
POLYESTER RESINS. 12-page manual de- 
scribes properties of line of polyester 
resins and gives detailed instructions for 
their use in reinforced plastic molding 
operations. Includes data on procedures 
for contact molding, gel-coating, bag 
molding, vacuum injection molding. 
Reichhold Chemicals, Inc. (63) 
DIALLYL PHTHALATE MOLDING COMPOUND. 
Bulletin gives physical properties of five 
grades of diallyl phthalate molding com- 
pound. Lists properties of pieces molded 
from this high-dielectric material, with 
emphasis on electrical applications. Acme 
Resin Corp. (64) 
HIGH DENSITY POLYETHYLENE. 16-page 
booklet describes “Grex” polyethylene 
resin. Discusses chemical and tempera- 
ture resistance. Also includes discussion 


STABILIZERS. Technical bulletin outlines 
veneral characteristics, typical properties 
ind recommended uses in vinyl electrical 
insulation of a lead-chlorophthalo-silicate 
stabilizer. National Lead Co. (80) 
COLORING POLYETHYLENE. 6-page technical 
bulletin describes properties of line of 
granular, opaque and transparent color 
oncentrates for polyethylene. Includes 
lata on methods of application, heat and 
light stability, crocking and migration. 
Claremont Pigment Dispersion Corp. (81) 
COLOR CONCENTRATES FOR EPOXY RESINS. 
Folder discusses use of company’s liquid 
epoxy paste color concentrates used as a 
colorant for epoxy resins in casting and 
laminating applications. List of resin sup- 
pliers, prices included. Ferro Corp. (82) 
SURFACE ACTIVE AGENTS. 50-page tech- 
il manual on a line of synthetic sur- 
face active agents for wetting, dispersing, 
ming and emulsifying, gives chemical 

d physical properties as well as sug- 
ted applications. American Cyanamid 
Co (83) 
CADMIUM LITHOPONE PIGMENTS. Specimen 
lor folder of these pigments in the 
llow-red spectrum contains properties 
irt and discusses efficiency and econ- 
my of their use as surface coatings and 
1S olorants for plastics molding powders. 
(he Harshaw Chemical Co. (84) 
COLOR DISPERSIONS. Literature describes 
ie of water-dispersed, alkali-resistant, 
organic and oxide colorants for emulsions, 
tices and other water systems. Color 
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of polymer chemistry. Polymer Chemicals 
Division, W. R. Grace & Co. (65) 
ADHESIVES FOR PLASTICS. Chart provides 
information on properties of 30 typical 
adhesive formulations taken from a series 
of adhesives offered by this company for 
bonding plastics and metals. Rubber & 
Asbestos Corp. (66) 
HIGH IMPACT THERMOPLASTIC RESIN. File 
folder contains reference material on the 
electrical, chemical and physical proper- 
ties of five types of acrylonitrile-buta- 
diene-styrene resin for molding, extruding 
and calendering. Price schedules included. 
Marbon Chemical, Div. Borg-Warner 
Corp. (67) 
POLYAMIDE RESINS. Extensive technical 
bulletin on thermoplastic polymers for 
casting, potting and laminating. Gives 
property tables, features and character- 
istics, suggested formulations, curing 
schedules, and physical, chemical and 
electrical properties. Chemical Div., 
General Mills. (68) 
ADHESIVES FOR FILMS. 18-page handbook 
discusses types, characteristics, applica- 
tions and methods of handling commer- 
cially available adhesives suitable for use 
on transparent film. Includes bulletin 
board pin-up film-selector chart. National 
Adhesives Div., National Starch Products, 
Inc. (69) 
GUIDE TO POLYETHYLENE MOLDING. 8-page 
manual gives detailed recommendations 
for designing and molding parts of high- 
density polyethylene. Includes data on 
mold design, cylinder and mold tempera- 
tures, shrinkage. W. R. Grace & Co. (70) 
VINYL PLASTISOL. 8-page folder describes 
“Indusol” liquid vinyl plastisol. Discusses 
applications and uses in spread, spray, 
and dip coating; slush molding and roto 
casting, finishing. Industrial Solvents & 
Chemicals, Inc. (71) 
“CYCOLAC” RESINS. Comprehensive cata- 
log describes the properties and uses of 
the “Cycolac” line of high impact ther- 
moplastic resins for calendering, extru- 
sion and injection molding. Contains 
recommendations for compounding, color- 
ing, calendering, sheet forming, extrud- 
ing, molding, decorating and fabricating. 
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samples of 28 deep and pastel shades in- 
cluded. The Harshaw Chemical Co. (85) 
STABILIZERS FOR VINYLS. File folder con- 
tains data sheet on line of heat and light 
stabilizers for vinyl resins. Includes data 
on properties and applications. Nuodex 
Products Co. (86) 
ANTI-STATIC COMPOUNDS. Data sheet de- 
scribes an inert, invisible, water-repellent, 
anti-static coating that makes finished 
plastics products impervious to electric 
charges. Includes list of vehicles, price 
list, applications. Optics Mfg. Co. (87) 
VINYL STABILIZER. Bulletin describes gen- 
eral characteristics and properties of 
liquid heat and light stabilizer for clear 
vinyl plastics. National Lead Co. (88) 
PLASTICIZER. Illustrated 28-page technical 
bulletin gives general information, ship- 
ping data, physical properties, chemistry 
and uses of tetrahydrofurfuryl alcohol as 
a plasticizer. The Quaker Oats Co. (89) 
NON-MIGRATORY  PLASTICIZER. 4-page 
technical bulletin gives specifications, 
characteristics, chief uses, properties and 
test data on “Harflex 325”, a polymeric 
non-migratory permanent plasticizer of 
moderate viscosity and good aging charac- 
teristics. Harchem Div., Wallace & 
Tiernan, Inc. (90) 
PLASTICIZERS. Booklet provides descrip- 
tions, properties, prices for plasticizers in 
company’s extensive line. 

Chemical Co. 

VINYL STABILIZER. Technical data lists 
properties and applications for a barium 


Marbon Chemical, div. Borg-Warner 
Corp. (72) 
EPOXY RESINS. Chart presents typical 
physical and chemical properties of 
“Epocast” line of electrical insulating 
materials in forms suitable for impreg- 
nating, casting, coating and potting. 
Furane Plastics. (73) 
UREA CONCENTRATE. 36-page illustrated 
handbook discusses “Urea Formaldehyde 
Concentrate-85”; its applications; physi- 
cal, chemical and physiological proper- 
ties; typical analysis; and shipping, han- 
dling and storage methods. Allied Chem- 
ical Corp. (74) 
TECHNICAL REPORT ON POLYETHYLENE. II- 
lustrated 20-page technical booklet con- 
tains reports on the properties and struc- 
ture of Marlex low pressure polyethylene 
for use in injection molding, extrusion, 
vacuum forming and welding. Phillips 
Petroleum Co. (75) 
GUIDE TO SILICONES. 12-page reference 
guide to this company’s silicone products 
includes performance, property and ap- 
plication data on silicone laminating 
resins, adhesives, foamed structures, in- 
sulating materials, release agents, and 
molding compounds. Dow Corning Corp. 

(76) 
PLASTISOLS. 12-page reprint of technical 
article describes method of measuring the 
viscosity of plastisols continuously as the 
temperature varies and points out uses 
for the method in slush and rotational 
molding and in hot spraying. The Akron 
Presform Mold Co. (77) 
HOW TO MOLD RIGID POLYETHYLENE. II- 
lustrated 8-page article gives detailed in- 
structions on injection molding rigid Mar- 
lex 50 polyethylene. Covers feeding 
methods, mold and cylinder temperatures, 
injection pressures and speeds, and special 
mold design factors. Phillips Chemical 
Company. (78) 
PVC RESINS. Illustrated 5-page brochure 
describes characteristics, processing ad- 
vantages of types of large, fine-free, uni- 
formly sized PVC particles, or “pearls” 
for extrusion, calendering, and molding 
operations. Includes specifications, price 
list. Escambia Chemical Corp. (79) 


zinc compound with primary applications 
in calendering, extrusion, floor tiling. Ad- 
vance Solvents and Chemical. (92) 
SECONDARY PLASTICIZERS. 16-page tech- 
nical bulletin evaluates suitability of two 
chlorinated paraffins as secondary plas- 
ticizers for polyvinyl chloride resins. In- 
cludes test data relating to compatability, 
hardness, low temperature flexibility. 
Diamond Alkali Company. (93) 
ADDITIVE FOR POLYESTERS. Technical bul- 
letin describes function of silicon dioxide 
powder which, when added to polyester 
resins, eliminates resin drainage from high 
points of laminates during cure period 
Charts show its effect on resin viscosity. 
Godfrey L. Cabot, Inc. (94) 
PIGMENTS AND BLACKS. 4-page catalog 
presents detailed tabular data on line of 
rubber blacks, carbon blacks, colloidal 
carbon black, resin dispersions and iron 
oxide pigments. Information covers uses 
pigmentory and physical and chemical 
properties. Columbian Carbon Company. 

(95) 
PLASTICIZERS FOR VINYLS. 20-page bro- 
chure pfovides data on applications, 
a, characteristics of company’s 
ine of plasticizers for vinyls. Harchem 
Div., Wallace & Tiernan, Inc. (96) 
OXIDE COLORS. 12-page bulletin discusses 
the specifications, specific properties, and 
general information on line of aqueous 
oxides for latex compounds, emulsion 
paints, paper coatings, cloth and adhe 
sives, Color swatches illustrate standards 
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and blends in deep tones, medium shades 
and tints. The Harshaw Chemical Co. (97) 
POLYMERIC PLASTICIZER. 8-page technical 
bulletin presents features and properties 
of a polymeric plasticizer for use with 
plastisols and vinyl resins. Includes tables 
of performance, resin compatibility, etc. 
Eastman Chemical Products, Inc. (98) 
ESTERS. 24-page catalog describes exten- 
sive line of fatty acid esters of glycerol, 
glycol, and polyethylene glycol. Text mat- 
ter and numerous tables present details 
on their specifications, properties, solubili- 
ties, and uses as stabilizers, plasticizers, 
wetting agents, defoaming agents and 
emulsifiers. Glyco Products Co. (99) 
ODORANTS FOR PLASTICS. 8-page booklet 
discusses nature and causes of bad odor 
in plastics and describes techniques for 
masking them. Includes list of concentra- 
ted, emulsified solubilized odorants and 
thermoscents. Fritzsche Bros., Inc. (100) 
VINYL STABILIZERS. Folder describes appli- 
cations for vinyl stabilizers in a wide 
variety of compounding operations. Rec- 
ommended formulations for such end uses 
as plastisol spreads and dip coatings, slush 
and centrifugal molding, and foam and 
sponge are included. The Harshaw Chem 
ical Co (101) 
POLYAMIDE POWDERS. Brochure suggests 
applications for this compounding addi- 
tive in molding materials, coating, and 
foundry cores where it can impart such 
properties as abrasion resistance, low 
friction, non-toxicity, toughness and cor- 
rosion resistance. Chart of physical and 
chemical properties included. National 
Polymer Products, Inc. (102) 
PVC PLASTICIZERS. 6-page technical bulle- 
tin discusses the properties and perform- 
ance of a line of primary phthalate plas- 
ticizers for polyvinyl chloride plastisols, 
extrusions, coatings and sheeting com- 
pounds. Monsanto Chemical Co. (103) 
PLASTISOL STABILIZERS. Two 2-page leaf- 
lets describe recommended applications, 
uses and Fageicet properties of two new 
liquid stabilizers for plastisols: barium- 
zinc and cadmium-barium-zinc. Ferro 
Chemical Corp. (104) 
SOLVENT FOR VINYL RESINS. 8-page tech- 
nical bulletin presents detailed informa- 
tion on the uses, applications and proper- 
ties of tetrahydrofuran, a solvent em- 
ployed in vinyl coating and film casting 
operations and as a component in ad- 
hesives for sealing polyvinyl chloride film 
and sheeting. E. I. du Pont de Nemours 
& Company, Inc. (105) 
VINYL PLASTISOL. 12-page booklet dis- 
cusses production methods, recommended 
uses, and provides properties chart for 
line of “Chem-O-Sol” vinyl plastisols 
Chemical Products Corp. (106) 
DIETHYLENE GLYCOL. 4-page bulletin tabu- 
lates properties and specifications of this 
stable non-volatile, colorless liquid, and 
discusses its use in the manufacture of 
resins, plasticizers, adhesives. Nitrogen 
Div., Allied Chemical Corp. (107) 
COLORS FOR VINYLS. 9-page technical bul- 
letin describes firm’s “D” series of cali- 
brated color pastes for vinyl compound- 
ing. Gives tabular test data on their heat 
and light stability, coloring strength and 
chemical resistance. Price list included. 
Claremont Pigment Dispersion Corp. 
(108) 
SEBACIC ACID PLASTICIZERS. 10-page illus- 
trated brochure presents the specifica- 
tions and recommended uses for 18 spe- 
cial purpose plasticizers, and contains a 
2-page ready-reference chart showing 
comparison of their physical properties. 
Harchem Div., Wallace & Tiernan, Inc. 
(109) 
PLASTICIZERS. Technical bulletin presents 
test data on vinyl compositions, plasti- 
cized with various Oxo alcohol esters 
with reference to stabilization against ox- 
idation, color degradation and retention 
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of physical properties under accelerated 
aging conditions. Enjay Co. (110) 
VINYL LUBRICANT. Folder describes speci- 
fications and properties of a beaded wax 
which acts as a lubricant during extru- 
sion and is said to impart a “patent 
leather” finish. Lanair Co. (111) 
DISPERSIONS. Technical bulletin discusses 
line of premixed accelerator dispersions 
for Butyl, Neoprene and Hypalon. In- 
cludes suggested compounding formulae. 
Gives prices. Kenrich Corp. (112) 
PLASTICIZERS. Booklet describes uses for 
line of plasticizers, and includes specifica- 
tions. Also contains data on company’s 
wide range of industrial chemicals and 
protective coatings. Pittsburgh Coke & 
Chemical Co. (113) 
ANTI-STICK LUBRICANT. Booklet describes 
company’s aerosol-packed silicone spray, 
an anti-stick lubricant for use on rolls, 
hot plates, crimpers, gluers and sealers. 
Injection Molders Supply Co. (114) 
FURNACE BLACK. 7-page technical report 
describes a new oil furnace black designed 
to impart high conductivity to plastic 
and rubber compounds. Applications, 
anti-static qualities, and physical proper- 
ties are discussed. Godfrey L. Cabot, Inc. 

(115) 
VINYL PLASTICIZER. Bulletin describes a 
light-colored petroleum product useful as 
. plasticizer with vinyl resins and which 
may be used in some instances for partial 
replacement of ester plasticizers. Property 
specifications, charts included. Kenrich 
Corp. (116) 
RESIN RELEASE AGENT. 2-page technical 
bulletin describes a non-melting water- 
repellent release agent for releasing poly- 
esters, phenolics, epoxies and_ similar 
slurries from porous and non-porous tool- 
ing. Specialty Products Co. (117) 
EPOXY RESIN MODIFIERS. 4-page technical 
bulletin describes advantages, lists phys- 
ical properties of two liquid polymers 
which respectively extend and flexibilize 
epoxy resins. For casting, potting, seal- 
ing, plastic tooling, laminating, coating, 
ete. Thiokol Chem. Corp. (118) 
EPOXY COLOR PASTES. 4-page folder de- 
scribes the properties and uses of epoxy 
color paste compounds in casting, sealing, 
molding, extruding, potting, coating, and 
other operations. Includes colors. The 
Clinton Company. (119) 
PASTE DISPERSIONS. Release outlines ad- 
vantages and mixing instructions for pig- 
ment dispersions developed for polyesters, 
epoxies, acrylics, vinyls, and foams. In- 
cludes price schedules. Pigment Disper- 
sions, Inc. (120) 
COLORANTS FOR PLASTICS. 4-page technical 
bulletin describes the general properties 
of each of the grades of Cadmium Sele- 
nide Red, Mercury-Cadmium Red, and 
Cadmium Yellows produced by this com- 
pany for thermoplastic and thermosetting 
resins. Includes color ehips, physical con- 
stants, applications. Kentucky Color and 
Chem. Co., Inc. (121) 
POLYETHYLENE, VINYL, NYLON AGENTS. 
Technical data folder describes the prop- 
erties of an agent for preventing static, 
tackiness, blocking, in polyethylene ex- 
trusion; an anti-static agent for nylon and 
synthetic blends; and an_anti-blocking 
agent for vinyl film and sheeting. Fine 
Organics, Inc. (122) 
VINYL STABILIZER. Technical data sheet 
lists physical properties, applications of a 
non-metallic organic auxiliary stabilizer 
for all primary metallic stabilizers, includ- 
ing lead. Advance Solvents and Chemical 
Corp. (123) 
DRY COLORING OF THERMOPLASTICS. IIlus- 
trated folder reviews dry-coloring charac- 
teristics of common thermoplastics. De- 
scribes metallic and styrene colorants, 
color dispersions for polyester and epoxy 
resins, etc. Plastic Molders Supply Co.., 
Inc. (124) 


PEARL ESSENCE. Folder describes proper- 
ties and areas of application for a line of 
synthetic pearl essences available in a 
number of dispersion forms for use in a 
wide range of plastics materials. Ultra 
Ray Pearl Essence Corp. (125) 
VINYL PRINTING. 5-page bulletin on a sys- 
tem of gravure inks and coatings, based 
on unplasticized PVC resin for multicolor 
printing of vinyl film, sheeting and coated 
fabrics. Describes properties, methods of 
use, suggested applications. Claremont 
Pigment Dispersion Corp. (126) 
VACUUM METALLIZING. Engineering bulle- 
tin gives extensive chart data on lacquers 
and resins available from manufacturers 
for vacuum metallizing. Tabulations indi- 
cate suitability of each finish for different 
plastics and give particulars as to thinner 
ratios, drying times and temperatures 
methods of applications. Consolidated 
Electrodynamics Corp. (127) 
PLASTIC DYESTUFFS. Brochure pictures and 
describes applications of this company’s 
lines of lacquers, dyes, adhesives, and 
cleaners, for acrylics, butyrate, styrene 
vinyls, etc. Schwartz Chemical Co. (128) 
PASTE COLORS FOR EPOXIES. 4-page folder 
discusses use of this firm’s colors in epoxy 
formulas for casting, laminating and _pot- 
ting. Gives information on paste concen- 
trations and mixing procedures. Fer 
Corp. (129) 
ORGANIC PEROXIDE CATALYSTS. Collection 
of technical bulletins provides data on 
company’s line of 13 organic peroxide 
catalysts used by the plastics industry 
Also discusses proper storage and han- 
dling. Cadet Chemical Corporation. (130) 
COLORED COATINGS FOR PLASTICS. Folder 
gives instructions for applying an epoxy 
coating to plastic products, a coating 
which is available in a range of colors 
including metallics and poe el and 
is for use where chemical, corrosion and 
abrasion-resistance are important. Rextor 
Finishes, Inc. (131) 
COLORANTS. Folder describes line of dry 
colorants for general purpose and high 
impact polystyrene. 4. es list of colors 
available, and prices. Gering. Products, 
Inc. (132) 
PLASTICIZER. Technical data sheets give 
specifications, physical properties and 
plasticizing characteristics of Kesscoflex 

IS, a monomeric ester-type plasticizer 
for polyvinyl butyral, synthetic rubbers. 
lacquers, polystyrene, acrylic and ethyl 
cellulose. Kessler Chemical Co. (133) 
POLYVINYL METHYL ETHER. 12-page tec h- 
nical booklet describes properties, com- 
patibility with other resins and polymers, 
and viscosity of polyvinyl methyl ether 
suitable as a heat-sensitizing agent for 
latices; a tackifier or plasticizer for ad- 
hesives, cements, lacquers and coatings 
General Aniline & Film Corp. (134) 
PLASTICIZER. Technical bulletin describes 
line of aromatic hydrocarbon polymers 
having application as plasticizers, for 
vinyls onl other plastomers. Gives = 
erties, characteristics, | compatabilities 
Kenrich Corp. (135) 
VINYL RESIN STABILIZERS. 24-page booklet 
describes line of stabilizers for viny! 
resins, including barium-cadmium, lead, 
barium-stearate, cadmium-stearate types 
Discusses features and properties of each 
stabilizer. Witco Chemical Co. (136) 
STABILIZER. Data on the specifications 
physical properties, and the solubility of 
“RS-31,” a vinyl plasticizer which im- 
parts excellent heat stability, clarity, heat 
sealing, and printing characteristics. Meta! 
& Thermit Corp. (137) 
PLASTICIZER FOR VINYL RESINS. 12-pag' 
technical bulletin gives physical propet- 
ties, data on line of plasticizer and plas- 
tisol extrusion applications. Continental 
Oil Co. (138) 
DRY COLORING. Interesting booklet gives 
clear information on dry coloring pro- 





cedures, blenders and blending, dis- 
persants, colorants, and coloring of scrap. 
Plastics Color Company. (139) 
LUMINESCENT PIGMENTS. 16-page booklet 
describes luminescent pigments, suitable 
for pigmenting plastics by spraying, 
oating, brushing, dusting. Includes illus- 
trations of applications. Rhode Island 
Laboratories, Inc. (140) 
PLASTICIZERS. Large catalog describes line 
of 20 plasticizers. In each case, gives 
specifications, average properties, sug- 
gested uses, test data, efficiency percent- 
‘ges, and standard quantities available. 
Ohio-Apex Inc., division of Food Ma- 


CAST ACRYLIC SHEETS. 4-page leaflet de- 
scribes the properties of a new precision 
ist acrylic sheet with close thickness 

tolerances and high optical clarity for 
windshields, signs, domes, cake box 
covers, etc. Cast Optics Corporation. (147) 
INDUSTRIAL AND DECORATIVE LAMINATES. 
Catalog describes physical and chemical 
properties, gives specifications and dimen- 
sions of line of stock thermosetting, lam- 
inated sheets, rods and tubes manufac- 
tured from various combinations of papers 
ind cloths bonded with phenolic, mela- 
mine or silicone resins. Mica Insulator 
Company. (148) 
POLYETHYLENE FILM SAMPLE. Literature 
describing company’s new grade of poly- 
ethylene fat and gusseted tubing is en- 
closed in a bag made from the material. 
Said to have high clarity, strength, and 
slip qualities. Plastic Horizons, Inc. (149) 
RODS, TUBES AND TAPES. 12-page brochure 
describes tetrafluoroethylene. Discusses 
ipplications, properties, and design con- 
siderations, and Tists standard rod, tube, 
tape and slab shapes which are available 
from stock, The Polymer Corp. (150) 
FLUOROCARBONS. Technical folder de- 
scribes properties and applications for 
mpany’s “Teflon” rod and sheet, and 

Kel-F” rod, sheet and tubing. Also dis- 

usses applications for an elastomer pro- 
essed from polyvinyl alcohol resin. Re- 
sistoflex Corporation. (151) 
INDUSTRIAL LAMINATES. 18-page catalog 
gives details on Dilecto laminates, a 
group of 50 filler and resin combinations 
in sheet, rod and tube shapes. Gives ap- 
plications, available forms and sizes, prop- 
erties, tolerances and specifications for 
each grade, Continental-Diamond Fibre. 
(152) 

PLASTICS. 4-page illustrated data sheet 
lists physical properties and available 
sizes of extruded Plexiglas and Lucite 
crylic rods, tubes, and shapes. Ace Plas- 
tic Co. (153) 
FORMICA STOCK LIST. Catalog lists indus- 
trial grades in sheet sizes, thicknesses, 
finishes and colors available from stock 
for 48-hr. shipment, and rod stock in 
rades, diameters and lengths for 72-hr. 

hipments. Formica Corp. (154) 
FORMABLE VINYL SHEET. 10-page brochure 
lescribes grades, properties, fabricating 
haracteristics ad available sizes, of 
Cobex, a rigid, unplasticized polyvinyl 


CLAY FILLER FOR REINFORCED PLASTICS. 20- 
ge technical handbook contains compre- 
ensive discussion of use of hydrite kao- 
nites as fillers for reinforced plastics. 
ludes chart and graph data of kao- 
nite-filled resins. Georgia Kaolin Co. 
(174) 
REINFORCING MATERIAL. Booklet describes 
lroytuf” polyester fiber and acrylic fiber 
nforcements, recommended for use in 
ninates to be painted or exposed to 
treme weather conditions. Includes 


chinery and Chemical Corporation. (141) 
SYNTHETIC WAXES. 16-page booklet de- 
scribes line of synthetic waxes used with 
plastics as an anti-static and anti-tack 
agent, as a polish and as a mold release. 
Lists properties. Glyco Products. (142) 
CHEMICALS FOR INDUSTRIAL USE. Folder 
contains list of over 300 chemicals pro- 
duced by this company for a wide range 
of industrial applications in more than 
60 industries. McKesson & Robbins. (143) 
VINYL PLASTICIZERS. 28-page catalog de- 
scribes a line of epoxy plasticizers for 
vinyl resins. Gives data on physical prop- 
erties, compatibilities, heat stability, per- 


Film, Sheeting, Rods, Tubes 


chloride sheet material, available in clear, 
and transparent and opaque colors. B. X. 
Plastics, Ltd. (155) 
TEFLON. Illustrated 8-page booklet dis- 
cusses the formulation, properties, appli- 
cations and design advantages of Teflon, 
available in rods, tapes, tubing and slabs. 
The Polymer Corporation of Penna. (156) 
PRODUCT DECALS. Folder gives informa- 
tion on two adhesive films, yellow or 
white vinyl, and metalized chrome-tint 
“Mylar” polyester which can be printed, 
daenal or die-cut and used for 
plastics product identification or decora- 
tion. Fasson Products. (157) 
DECORATED MYLAR FILM. File-size folder 
contains sample swatches of metallized 
and embossed Mylar laminated to such 
backing materials as vinyl, butyrate, 
fabric, latex, paper. Physical and chem- 
ical properties are described. Coating 
Products. (158) 
RODS AND TUBES. Folder provides tech- 
nical data, properties of laminated ther- 
moset tubes and rods available from this 
company. Spaulding Fibre Company, Inc. 

(159) 
PVC PIPE. 4-page price list tabulates avail- 
able sizes and pressure ratings of line of 
unplasticized polyvinyl chloride pipe 
stocks of high chemical or impact re- 
sistance. Alpha Plastics, Inc. (160) 
STOCK PLASTIC KNOBS. Extensively illus- 
trated 8-page catalog gives specifications 
for a line of stock molded thermosetting 
knobs available in any desired color in 
phenolic or in urea. Waterbury Compa- 
nies, Inc. (161) 
PLASTIC SUPPLIES. 144-page catalog pre- 
sents specifications, uses, prices for sheets, 
rods, tubes of nylon, acetate, phenolic, 
vinyl, Teflon, acrylic, etc. Includes acces- 
sory materials. Delta Prod., div. Air Ac- 
cessories, Inc. (162) 
FLEXIBLE PLASTIC TUBING. Technical bulle- 
tin describes a line of flexible, high 
strength, waterproof tubing made of lam- 
inated plastic materials. For liquids and 
gases under pressure, acids, alkalis, elec- 
trical and electronic equipment, etc. Air- 
conductors. (163) 
NYLON SHAPES. Illustrated 16-page booklet 
discusses the properties, fabricating tech- 
niques, and uses of “Polypenco” nylons, 
available in rods, strips, plates, tubing, 
and tubular bars. The Polymer Corp. of 


> 


Pa. (164) 


Fillers and Reinforcements 


graphs and charts of properties. Troy 
Blanket Mills. (175) 
ASBESTOS FIBER. 4-page illustrated folder 
resents features of asbestos fiber as a 
sulking, reinforcing, hardening, fire-and- 
heat resistant filler in phenolics and other 
thermosetting plastics, and in thermo- 
plastic molding compounds. Includes 
property chart. Johns-Manville. (176) 
FIBROUS GLASS REINFORCEMENT SAMPLE. 
Folder describing “Fabmat,” company’s 
reinforcing mat contains sample section 


formance. Suggests recommended uses 
and compounding formulations. Archer- 
Daniels-Midland Co. (144) 
STABILIZERS FOR VINYLS. Booklet gives 
data on properties, xerformance charac- 
teristics and uses of line of stabilizers. 
Includes recommended formulations for 
calendered film and sheeting, extrusions. 
Argus Chemical Corp. (145) 
DRY COLORANTS FOR MOLDING COM- 
POUNDS. 28-page brochure describes and 
gives prices for extensive line of “Atlas” 
dry colorants, formulated for use in in- 
jection molding compounds. H. Kohn- 
stamm & Company, Inc. (146) 


FABRICATING ACETATE. Booklet contains 
instructions for the fabrication of acetate 
sheeting by such methods as slitting, knife 
cutting, blanking, sawing, routing, mill- 
ing, drilling and heat forming. Celanese 
Corporation. (165) 
SHEETS, RODS, TUBES. Properties chart lists 
electrical, mechanical, thermal, chemical 
and_ physical properties of commonly 
used plastics fabricating materials, in- 
cluding nylon, acrylic and acetate. Com- 
mercial Plastics & Supply Corp. (166) 
NYLON BALLS. Data sheet lists sizes, colors, 
chemical resistance and all properties of 
nylon balls fabricated from Du Pont nylon 
resin and suggests such applications as 
valve components, anti-friction bearings. 
Ace Plastic Co., Industrial Div. (167) 
VINYL COATED NYLON. 6-page data sheet 
release presents samples, properties of a 
line of waterproof, oil aa acid-resistant, 
colored viny] coated nylon materials. In- 
cludes suggested uses, color and size 
availabilities, test values. Facile Corpora- 
tion. (168) 
RIGID THERMOPLASTIC SHEETS. Illustrated 
8-page booklet discusses applications of 
this company’s lines of polyvinyl chloride, 
styrene, polyethylene, etc. Materials avail- 
able in press-laminated, calendered, and 
extruded sheets. Plastics Div., Seiberling ° 
Rubber Co. (169) 
THERMOPLASTIC SHEET AND EXTRUDED SEC- 
TIONS. File folder contains price lists, il- 
lustrated data sheet and comparative 
properties chart for thermoplastic mate- 
rials extruded and molded by this com- 
pany. Southern Plastics Company. (170) 
PLASTIC SHEETING. 4-page illustrated leaf- 
let outlines the types, formulations, and 
uses of this company’s light, medium and 
heavy gauge “Kodapak” thermoplastic 
cellulose ester sheeting. Includes tables 
and charts. Eastman Kodak Co. (171) 
SHEETS, RODS, TUBES. 64-page price cata- 
log lists available plastic sheets, rods, 
tubes, films, and lay-flat tubings in cast, 
extruded, and laminated shapes. Includes 
sizes, weights, color ranges, textures, 
purchasing specifications and_ grades. 
Cadillac Plastic & Chemical Co. (172) 
SHEET, ROD, TUBE CATALOG. Extensive cat- 
alog gives dimensions, specifications, col- 
ors and prices of line of extruded, cast 
and molded sheet, rod, and tube stocks. 
Cadillac Plastic & Chemical Co. (173) 


of mat. Fiber Glass Industries, Inc. (177) 
FIBERGLASS PANELS. Illustrated 4-page 
folder presents specifications for a line 
of translucent fiberglass panels. Leaflet 
itemizes light and heat transmission 
values for 32 different Alsynite panels. 
Alsynite Co. of America. (178) 
INDUSTRIAL GLASS FABRIC. Folder contains 
specifications chart for company’s indus- 
trial glass fabrics available in standard 
widths or woven to order. J. P. Stevens & 
Co (179) 
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WOVEN ROVING. Illustrated 8-page folder 
describes case history applications of 
Garan” pre-impregnated woven roving 
for reinforced plastics. L.O.F. Glass 
Fibers Co. (180) 
FILLERS FOR REINFORCED PLASTICS. Data 
sheets discuss use of aluminum silicate 
pigments as fillers in reinforced plastics. 
Provide data on properties and prepara- 
tion of aluminum silicate pigment-filled 
plastics. Minerals & Chemicals Corpora- 
tion of America. (181) 
ASBESTOS FIBERS FOR REINFORCED MOLD- 
ING COMPOUNDS. Technical bulletin de- 
scribes characteristics of companys as- 
bestos fibers for use in reinforcing 
polyester molding compounds, Asbestos 


Division, World Commerce Corp. (182) 
FIBROUS GLASS REINFORCEMENTS. Litera- 
ture discusses qualities of reinforcing, 
surfacing and carrier, low density, and 
bonded mats for fibrous glass reinforce- 
ments. Includes diagrams of grain struc- 
tures. Modiglas Fibers, Inc. (183) 
MOLD CEMENTS. 12-page booklet illustrates 
how to use gypsum cements for molds to 
be used in vacuum forming. Discusses 
proper methods of reinforcing vacuum 
forming molds. United States Gypsum Co. 

(184) 
FILLERS FOR POLYESTER RESINS. 12-page 
booklet discusses features and applica- 
tions of two precipitated calcium carbon- 
ate fillers for use with reinforced poly- 


ester plastics. Includes tables on chemical, 
physical properties. Diamond Alkali Co. 
(185) 
SARAN TEXTILE FIBERS. 12-page booklet 
discusses the nature, production, proper- 
ties, and uses of fine- xe enier Saran textile 
fibers in multifilament, monofilament, and 
curled staple forms. Includes technica! 
data, specifications. The National Plast: 
Products Co. (186) 
FIBER GLASS REINFORCEMENTS. Data shicets 
describe features, prices of lines of {fiber 
glass chopped strand reinforcement mats. 
woven rovings, boat and tooling fabr rics 
tapes, milled fibers, and chopped strand 
Fiber Glass Div., Ferro Corp. (187) 


Laminates and Reinforced Plastics 


GLASS FIBER MOLDING COMPOUNDS. Illus- 
trated brochure and data sheets describe 
physical, mechanical, electrical, chemical 
properties of a line of polyester resin- 
coated glass fiber compounds for molding 
electrical switches, propellers, handles, 
trays, etc. Plumb Chemical Corp. (188) 
LAMINATE PROPERTIES. Data sheet provides 
physical and electrical properties of com- 
pany’s rigid and flexible polyester lami- 
nates for electrical insulation. The Glastic 
Corporation. (189) 
POLYESTER LAMINATES. |2-page manual 
describes uses and properties of Haysite 
line of glass reinforced polyester lami- 
nated insulating materials for electrical 
applications. Also discusses fabricating 
techniques and design considerations. 
Hays Manutacturing Co. (190) 
HEATSEALING FIBER. Illustrated 4-page bro- 
chure discusses “Fluorglas,” a Teflon- 
coated fiberglass insulating material that 
enables wires, cables, coils, etc., to with- 
stand breaking, bending, and vibrations. 
Includes specifications. Dodge Fibers 
Corp (191) 
GLASS-REINFORCED PLASTICS REPAIRS. 16- 
page booklet discusses techniques and 
materials for repairing minor scratches, 
dents, gouges, holes and fractures in 
resin-impregnated glass fibers. Goodyear 
Aircraft Corp. (192) 
PRINTED CIRCUITS. Illustrated 4-page bro- 
chure describes lines of se Ak, circuits, 
base and copper-clad laminates, laminated 
plastic sheet, fabricated parts, etc. In- 
cludes tolerance information, design rec- 
ommendations, grades, sheet sizes. North- 
ern Plastics Corp (193) 
FELTED FABRICS. 4-page folder presents 
properties and suggests uses for line of 
felted, resin-bound materials available in 
widths from 16 to 80 in., and in thick- 
nesses from 4g to 2 inches. Samples of 
felting included, The Felters Co. (194) 


PLASTICS FABRICATORS. 16-page color- 
illustrated booklet discusses New York 
firm’s facilities for designing and manu- 
facturing indoor and outdoor illuminated 
advertising signs and displays, and other 
custom-made plastics items. Universal 
Unlimited, Inc. (208) 
CUSTOM MOLD FABRICATION. 4-page bro- 
chure describes economical process for 
custom casting of mold and die com- 
ponents in steel, iron or non-ferrous 
metals from low-cost brass, aluminum or 
zinc patterns. Information on process, 
advantages and applications are given. 
Manco Products, Inc. (209) 
CUSTOM MOLDING SERVICE. Illustrated 
booklet itemizes this New England firm’s 
capital equipment for contract molding 
by compression, plunger and injection 
methods, and for finishing and assembling. 
Waterbury Companies, Inc. (210) 
MOLDS AND CASTINGS. Bulletins describe 
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LAMINATED TUBE AND PIPE. Technical bul- 
letin describes applications, properties 
and chemical resistance of fibrous glass- 
reinforced tube and pipe. Engineered 
Plastics, Inc. (195) 
PLASTIC CLAD FINISHES. 4-page illustrated 
booklet discusses dip-fusion process of 
cladding metal stampings, castings, wire 
products, etc., with plastics. Includes per- 
formance requirements chart. National 
Polymer Products, Inc. (196) 
COPPER COVERED PHENOLITE. Illustrated 
6-page folder discusses the manufacture, 
assembly, characteristics and uses of cop- 
per clad phenolite as a basic foundation 
in printed circuitry. Includes basic grade 
list and properties chart. National Vul- 
canized Fibre Co. (197) 
REINFORCED PLASTIC. Technical bulletin 
describes “Scotchply,” a moldable epoxy- 
glass laminate designed for production 
and supplied in roll or sheet form. In- 
cludes highly detailed properties charts 
and graphs. Minnesota Mining and Manu- 
facturing Co. (198) 
LAMINATED RODS AND TUBES. 12-page cat- 
alog describes laminated thermoset rods 
and tubes suitable for electrical, chemi- 
cal, mechanical applications. Includes 
charts on tolerances, sizes, colors avail- 
able. Synthane Corp. (199) 
REINFORCED MOLDING COMPOUNDS. Illus- 
trated leaflet describes a group of high- 
strength, high-impact thermosetting com- 
pounds formulated of phenolics and mela- 
mines, with reinforcin fillers of paper, 
sisal, fabric, cord, ve Be sry and _ glass 
fiber. Includes suggestions for selecting 
compounds on basis of property require- 
ments. The Fiberite Corporation. (200) 
REINFORCED PLASTICS. Loose leaf catalog 
gives descriptive data on lines of color 
concentrates, parting agents, and poly- 
ester resins used in reinforced plastics 
molding. Includes tips on handling meth- 


Custom Services 


company’s facilities for designing, engi- 
poetias: and tooling steel molds and 
beryllium copper castings. Include data 
on onties niques, areas of applica- 
tion, available chase sizes. Standard Tool 
Co. (211) 
PLASTIC SHAPES. 4-page brochure pictures 
and describes this Texas company’s de- 
sign and production facilities for vacuum 
forming signs, panels, windshields, domes, 
packages, etc. Delta Products, div. Air 
Accessories, Inc. (212) 
THERMOPLASTIC EXTRUSION. 12-page illus- 
trated brochure tells of this New York 
company’s custom extrusion of complex 
shapes, rods, tubes, etc. It describes fabri- 
cated parts, and gives a thermoplastic 
property table. , eo Plastics Company, 
Inc. (213) 
PARTS MOLDING. 14-page brochure gives 
information about a custom injection 
molding service for thermoplastic parts 


ods, use of catalysts and other procedures 
Interchemical Corporation. (201) 
PRE-IMPREGNATED GLASS MAT. Folder gives 
features and uses of “Sunform,” a lass 
cloth and mat impregnated with Dolyes- 
ter resin plus fos. - st, used for low p: 
sure laminating. Maker claims materia 
can be stored for six months at normal 
room temperatures without deterioration 
Electro-Technical Products Division, Sun 
Chemical Corp. (202) 
LAMINATED PLASTIC SHEETS. Engineering 
data booklet contains information on th: 
physical, electrical, mechanical properties 
< iy J smoveg of phenolic, melamine, epoxy 
cone resins, combined with paper, 
=< glass, asbestos and nylon bases 
Taylor Fibre Co. (203) 
POLYESTER PRE-IMPREGNATED GLASS CLOTH. 
File folder contains sample, techinical 
data on flame-resistant polyester resin 
pe -impregnated glass cloth for use in 
aminates for electrical and _ electroni 
applications. Standard Insulation Co. 
(204) 
LAMINATED SHEETS, RODS AND TUBES. 24- 
page illustrated catalog describes chara 
teristics, properties and applications o! 
line of -pressure laminated sheets, 
rods and tube stock. Gives machining and 
design data. Synthane Corp. (205) 
GLASS-REINFORCED MOLDING COMPOUNDS. 
Folder lists typical applications for com- 
pany’s glass-reinforced nylon and _ poly- 
styrene molding compounds. Includes 
full-page properties chart. Fiberfil, In 
(206) 
LAMINATING RESINS. Technical manual 
gives details on “Araldite 502,” a modi- 
fied epoxy resin especially suited to |ami- 
nating by methods requiring contact 
pressure only. eget, mold prepara- 
tion, mixing procedures and curing data 
are included. Ciba Company, Inc. (207) 


up to 200 ounces. Also includes data on 
company’s screening, stamping, roller- 
coating, spraying - metallizing facili- 
ties. Nosco Pla stics, Inc. (214) 
CUSTOM NYLON MOLDING. Folder de- 
scribes Ohio company’s facilities for 
short-run custom molding  small-siz 
nylon parts. Nylon Molded Products 
Corp. (215) 
MOLDING PLANT FACILITIES. Booklet de- 
scribes this company’s molding operations 
Lists machinery, engineering facilities, 
finishing equipment, etc. Consolidated 
Molded Products Corp. (216) 
CUSTOM FABRICATOR. 32-page booklet 
lists properties and uses for wide rang: 0! 
thermoset lastics; thermoplastics! 

rod and tubing; fabricated and supp!ied 
for electronics applications by this \ew 
England company. Insulating Fabricators 
of New England. (217) 
LARGE MOLDS. Illustrated leaflet describes 
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precision mold-making service for large 
uminum and bronze molds used in re- 
forced plastics molding operations. 
\{. A. Cuming & Co., Inc. (218) 
-AMINATED SHEETING. Data sheet de- 
ribes company’s facilities for manufac- 
laminated and pcre lished 
tic sheets of polyvinyl chloride, rigid 
lexible vinyl, acetate and pea. 
ninations, Inc. 
CUSTOM COLD MOLDING. Illustrated book- 
+ describes New Jersey company s cus- 
cold molding facilities for heat- 
‘stant material used in such applica- 
ns as electrical insulation, instrument 
inting. Also describes properties and 
nlications for phenolic and asbestos 
Glled materials. Garfield Manufacturing 
mpany. (220) 
PLASTICS RESEARCH SERVICE. Brochure de- 
tribes facilities of plastics consulting 
rvice specializing in research, market 
rveys, plant layout, and product de- 
lopment. Skeist & Schwarz Labora- 
ries, Inc. (221) 
GLASS REINFORCED FABRICATORS. 4-page 
lustrated leaflet describes this Ohio firm’s 
rocess facilities for custom molding large 
of glass-reinforced plastics com- 
nents up to several feet in size. Struc- 
rlite Plastics Corp. (222) 
CUSTOM INJECTION MOLDING. Literature 
scribes facilities and services of custom 
ection molder whose operations include 
casting, mold-making, plastics finish- 
ing and assembly. Tri-State Plastic Mold- 
x Company, Inc. (223) 
CUSTOM MOLDING. 12-page brochure de- 
ribes this Pennsylvania company’s fa- 
lities for injection, compression and 
nsfer molding and for mold making, 
nishing and assembly. Sylvania Electric 
Products, Inc. (224) 


PERFORATING, SLITTING AND BLANKING. 
Booklet shows full-size reproductions of 
fifty-four perforating die patterns de- 
med to service ak industries as plas- 
fabrics, leather, paper, rubber and 

ied fields. Other data includes a com- 
die list and suggested applications. 
Perforating Industries, Inc. (239) 
TIMERS AND COUNTERS. 8-page illustrated 
1klet discusses features and lists speci- 
tions of a line of reset, repeat-cycle, 

id special-purpose timers; counters, syn- 
ronous motors, closures, and control 
els for automatic manufacturing. 

le Signal Corp. (240) 
SLITTER-REWINDERS. 8-page booklet con- 
; illustrations, diagrams, and applica- 

s for line of slitter-rewinders and un- 
nders for plastics, paper, light board, 

| foil. Dilts Division, The Black-Claw- 

1 Co (241) 
TRANSFER MOLDING PRESS FOR SMALL PARTS. 
\\lustrated data sheet describes automatic 
5 ton transfer molding press with mold 
ensions of 2 x 5 in. Hull-Standard 
rp. (242) 
CYLINDER PRINTER. Catalog sheet describes 
ration and gives specifications of an 
natic-feed, 1 and 2-color press that 

its trademarks, code numbers or deco- 

on any plastic shapes that can be 
including hexagonal and pentag- 

hapes. Apex ie Pe Co. (243) 
RCULAR-FORM GRINDERS. Leaflet presents 
res, specifications, and suggested ap- 
tions for a lathe-like automatic, pre- 
enterless grinder for fabrication of 

, spools, knobs, beads, spindles, etc., 
lesigned for duplication on stock up 

in. diameter. Glebar Co. (244) 
FLOATING ROLL GUIDE. 4-page illustrated 
t discusses features of an automatic 

ng alignment control for plastics, 

r, foil, etc. Working drawing shows 
alignment is maintained. Mount 
Machinery Co, (245) 





CUSTOM LAMINATING. 4-page booklet de- 
scribes scope of company’s custom lami- 
nating service for such Hexible materials 
as sheeting, films, papers, foils, cloths. 
Lamart Corp. (225) 
PRODUCTION TOOLS. 10-page illustrated 
booklet describes the engineering, fabri- 
cating, assembling and contracting ser- 
vices of this company which features the 
production of custom-made molds and 
tools. Lawrence H. Cook, Inc. (226) 
CUSTOM FABRICATIONS AND MODELS. Bro- 
chure describes a New York custom fabri- 
cation service which includes machining, 
forming, bending, welding, silkscreening, 
engraving, and model alien, Alda Plas- 
tics. (227) 
CUSTOM EXTRUDER. 4-page illustrated 
booklet discusses this company’s custom 
extrusion of gaskets, tubing and profiles. 
Also presents design and fabsicating serv- 
ice. Yardley Plastics Co. (228) 
PRECISION MOLDS. Bulletin outlines this 
midwest firm’s engineering and tool room 
facilities for designing and building plas- 
tic molds and dies. Information includes 
full inventory of company’s mold-making 
equipment. Damen Tool & Engineering 
Co. (229) 
CUSTOM MOLDING. Illustrated booklet de- 
scribes this New York company’s custom 
molding facilities for thermosetting plas- 
tic products, such as electrical, electronic, 
and radio components; instrument hous- 
ings, meter boxes, desk tops, etc. Insula- 
tion Mfg. Co., Inc. ; (230) 
CUSTOM MOLDING SERVICE. Illustrated 
literature describes company’s custom in- 
jection, compression, extrusion, and _ re- 
inforced plastics services, including 
double-shot injection molding and other 
special techniques. American Plastics 
Corp. (231) 


Machinery and Equipment 


FAR-INFRARED HEATERS. Illustrated catalog 
describes method of achieving adjustable- 
area heat radiation by use of up to 27 
interchangeable infrared elements of vary- 
ing heating lengths. Includes standard 
housings, installation data, dimensions, 
prices, accessory equipment. Edwin L. 
Wiegand Co. (246) 
“DO IT YOURSELF” DIES. Leaflet describes 
necessary tools and supplies for making 
henbansing dies in your own shop. Illus- 
trations show cutting and bending appara- 
tus, soldering attachment, die holder and 
brass rule patterns. Cosmos Electronic 
Machine Corp. (247) 
DUST COLLECTORS. Illustrated booklet pre- 
sents line of dust filtering units with ca- 
pacities ranging from 640 to 5,000 cubic 
feet per minute. Gives features and speci- 
fications. Pulverizing Machinery Div., 
Metals Disintegrating Company, Inc. 
(248) 
SMALL INJECTION MACHINE. 6-page folder 
describes features and gives specifications 
of an automatic injection press with a 
23.6 cc shot capacity, dry cycling rate of 
1,200 per hr., and 20 lb. per hr. plasticiz- 
ing capacity. Includes data on special 
adaptations for nylon molding. Dowding 
& Doll. (249) 
MELTING TANKS. Leaflet describes double 
or single gas or electrically heated tanks 
with application in melting, dipping or 
dispensing plastics, pigments, resins, 
waxes, Aeroil Products Co., Inc. (250) 
THERMOSTATIC CONTROLS. 6-page_illus- 
trated brochure describes a line of com- 
pression and tension-operated differen- 
tial-expansion thermostatic controls for 
temperatures from —100 to 1,100° 
F. Includes specifications, special fea- 
tures, modifications. Fenwal, Inc. {251} 
INJECTION MOLDING MACHINE. 8-page il- 
lustrated booklet describes 2-oz., self- 
contained molding press which molds, 
de-gates, ejects and sorts automatically. 





EXTRUSION EQUIPMENT. Folder contains 
diagrams and specifications of custom 
manufactured torpedo, forwarding, mixer 
and devolatizer, and feed extrusion 
screws. Johnson Mfg. Co. (232) 
CUSTOM FABRICATOR. Folder describes 
North Carolina company’s facilities for 
the custom fabrication and supply of 
sheet, tube, and rod stock. Engineered 
Plastics, Inc. (233) 
PLASTICS TESTING SERVICE. Illustrated lit- 
erature describes services and facilities of 
company that tests the performance and 
aging of plastics products under severe 
weathering and sunlight conditions. South 
Florida Test Service. (234) 
CUSTOM MOLDS FOR SHORT-RUNS. Booklet 
illustrates and describes Minnesota cus- 
tom molding firm’s work with thermo- 
plastics and thermosets in the production 
of short-run molded plastics. Dayton 
Rogers Manufacturing Co. (235) 
CUSTOM INJECTION MOLDING. Illustrated 
brochure describes Illinois company’s 
custom molding service and metal stamp- 
ing facilities. Illustrates wide range of 
components and housings produced. San- 
tay Corporation. (236) 
ELECTROFORMED MOLDS. 4-page illustrated 
brochure discusses the electroforming 
operation and its applications and ad- 
vantages for close tolerance work, finishes, 
difficult hobbing jobs, slush molds, raised 
engravings, etc. Electromold Corp. (237) 
CUSTOM FABRICATION. Illustrated 8-page 
leaflet describes the characteristics, ad- 
vantages of fabricated plastics for specific 
industrial requirements, as dials, name- 
plates, etc. Presents this company’s 
thermoplastic and thermosetting sheet 
fabrication services. The Sillcocks-Miller 
Co. (238) 


Includes specifications. F. J. Stokes Corp. 

(252) 
PLASTIC PREFORMING. Illustrated 20-page 
catalog discusses the properties of plastic 
preforms and preforming methods. Also 
describes lines of single punch, rotary and 
hydraulic preform presses which produce 
from 20 to 36 forms per minute. F. J. 
Stokes Machine Co. (253) 
INJECTION MOLDING MACHINE. Illustrated 
6-page booklet describes an hydraulic 
press designed to overcome problem of 
molding around inserts and cores. Press 
handles mold sizes of 6 in. by 5 in. by 5% 
in. Newbury Industries, Inc. (254) 
DISC SEPARATORS. 8-page booklet illus- 
trates and describes line of automatic 
separators for sizing of granular plastics 
materials for uniformity. Gives dimen- 
sions and specifications. Hart-Carter Co. 

(255) 
INDUCTION HEATED EXTRUDERS. 6-page 
illustrated folder discusses and depicts 
operating features and functions of “In- 
ductomatic” induction-heated extruders. 
Electrophysical Engineering Co. (256) 
DRUM RINSER. 4-page bulletin describes a 
portable, compact, self-contained unit for 
rinsing the interiors of industrial contain- 
ers and drums. Features, method of opera- 
tion and specifications are included. Fully 
illustrated with photographs. The Port- 
land Company. (257) 
INJECTION PRESS CATALOG. Illustrated 
catalog contains comprehensive descrip- 
tion of company’s line of 14 to 60 oz. 
capacity injection presses. Provides de- 
tailed discussion of features. National 
Automatic Tool Co., Inc. (258) 
STEEL MOLD BASE. 12-page illustrated cata- 
log contains diagrams and specifications 
of company’s line of steel mold bases 
and cavity sets. Prices included. Detroit 
Mold Engineering Co. (259) 
HYDRAULIC PRESSES. Illustrated 28-page 
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catalog contains information about a line 
of automatic cycling bench and floor-type 
hydraulic presses in capacities from 1 to 
75 tons for pelleting, stamping, molding, 
punching and other uses. Denison En- 
gineering Div., American Brake Shoe Co. 
(260) 
VINYL CUSHION MACHINE MOUNT. Illus- 
trated 12-page brochure describes a 
vinyl-sisal-cork “Air-Loc” pad upon which 
machine is mounted to choad vibrations 
and shock loads. Includes illustrations. 
Clark-Cutler-McDermott Co. (261) 
OFFSET BAR AND TUBE PRINTER. Leaflet 
gives description of versatile machine 
which can be mounted on the production 
line for printing on the lineal surface of 
round, poly-sided and extruded shapes of 
molds. Jas. H. Matthews & Co. (262) 
FILM PROCESSING TECHNIQUES. Illustrated 
20-page booklet discusses methods of 
processing continuous web plastic mate- 
rials during coating, casting, decorating, 
slitting, winding and laminating opera- 
tions. John Waldron Corp (263) 
MARKING EQUIPMENT. 6-page catalog de- 
scribes series of air-operated, electrically- 
heated, automatic and semi-automatic 
imprinting machines that hot stamp cali- 
brations and other markings in color on 
plastic dials, knobs, tumblers and parts 
The Acromark Co. (264) 
FILM EXPANDER. Illustrated data sheet de- 
scribes construction, special features and 
operation of an anti-wrinkle slat expander 
suitable for installation on web processing 
equipment. Progressive Machine Com- 
pany. (265) 
MOLDING PRESSES. Illustrated 12-page 
booklet contains specifications for line of 
2 to 32 oz. injection presses, and 50, 175, 
850 ton transfer presses. Also shows tem- 
perature control units. Improved Ma- 
chinery, Inc. (266) 
PLASTICS DEFLASHING. 8-page _ illustrated 
booklet describes advantages of the 
Wheelabrator Deflasher for high-speed, 
automatic mechanical deflashing of 
molded plastic parts, as compared to 
manual deflashing. Wheelabrator Corp. 
(267) 
NOZZLES FOR INJECTION MACHINES. 45- 
page catalog describes, presents pictures, 
diagrams, specifications, dimensions and 
prices of line of replacement and special 
purpose injection machine nozzles and 
such accessories as nozzle controllers, 
thermocouples and heater bands. Injection 
Molders Supply Co. (268) 
SPRAY GUN FOR REINFORCED PLASTICS. 
Booklet presents spray gun-like tool that 
cuts glass rovings into desired lengths and 
then applies it together with mixed resin, 
catalyst and promoter, to mold. Deposi- 
tion table included. Rand Development 
Corporation. (269) 
ROTATIONAL CASTING MACHINE. 6-page 
illustrated leaflet gives detailed descrip- 
tion of an automatic, continuous-operation 
plastisol molder with 15 in., 25 in. and 75 
in. molding areas for the production of 
large resilient and hollow articles. Supple- 
mentary reprint article discusses system, 
molds, oan operational problems. The 
Akron Presform Mold Co. (270) 
PREHEATERS AND DRYERS. Illustrated tech- 
nical bulletin outlines features and speci- 
fications for a line of 2 kw. and 5 kw. 
hopper-type preheater and dryer combi- 
nations for use with manually-loaded in- 
jection machines. Thermomat Co., Inc. 
(271) 
TEMPERATURE CONTROLS. Illustrated cata- 
log contains specifications for line of 
mounted temperature control equipment. 
United Electric Controls Co. (272) 
HOSE FOR MATERIALS HANDLING. Illus- 
trated folder describes wire-reinforced 
cotton base and nylon base fabric hose 
for conveying air, dust, fumes, and mate- 
rials via pressure, suction, gravity. The 
Flexaust Co. (273) 
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COATING AND IMPREGNATING. Bulletin 
describes low-cost roll coater for impreg- 
nating flexible web-fed film, sheeting, 
papers, and fabrics and for applying 
laminating adhesives. Diagrams depict 
flexibility of feed and roller arrangements 
for single, double or reverse coating, to 
web laminating and impregnating. John 
Waldron Corp. (274) 
HEAVY DUTY GRANULATORS. Brochure pre- 
sents features of a line of heavy duty 
plastics granulators with capacities rang- 
ing from 500 to 2,500 pounds per hour. 
Chart gives specifications, Ball & Jewell, 
Inc. (275) 
AUTOMATIC COMPRESSION PRESS. 4-page 
booklet describes and illustrates design 
features of fully automatic 25 ton com- 
pression press with 5 second cycle. In- 
cludes specifications chart. F, J. Stokes 
Machine Co. (276) 
REINFORCED PLASTICS MOLDING PRESSES. 
Illustrated four-page brochure discusses 
design features of a line of semi-automatic 
reinforced plastics vertical molding 
presses of 100, 150 and 200 ton capaci- 
ties. Includes specifications. Erie Foundry 
Company. (277) 
STAMPING PRESS. Data sheet describes an 
air-operated, pedal-actuated roll-leaf hot 
stamping press for soft or hard plastics, 
paper, etc., that makes up to 40 impres- 
sions a minute, handles roll-leaf stock 
up to 6% inches wide. Specifications in- 
cluded. Peerless Roll Leaf Company, Inc. 
(278) 

TUMBLING BARRELS. Bulletin illustrates and 
describes line of multiple unit tumbling 
barrels for wet or dry process deburring 
and finishing of plastics pieces. Gives 
general specifications, capacities. Tumb- 
L-Matic, Inc. (279) 
FILM PROCESSING MACHINERY. Company 
offers catalog showing complete line of 
equipment for polishing, embossing, and 
other plastics production operations. Dis- 
cusses single units to do one or a number 
of these jobs. Liberty Machine Co., Inc. 
(280) 

RE-RATED ELECTRIC MOTORS. 6-page illus- 
trated brochure describes the design and 
construction of a re-rated motors series 
featuring drip-proof, splash-proof, totally 
cna explosion-proof and p Ronee | 
type models. Includes specifications. Elec- 
tro Dynamic Div., General Dynamics 
Corp. (281) 
PARTICLE ACCELERATORS. Illustrated 12- 
age bulletin describes design and _per- 

ormance features of Van de Graaf and 

linear accelerators for radiographic in- 
spection, graft polymerization and cross- 
linking. High Voltage Engineering Corp. 
(282) 

CUTTER-PELLETIZER. Folder shows cutters 
for producing pellets of plastics material 
from extruded or sheet stock. Available 
with square, bevelled, or notched edge 
circular knives. Includes specifications 
chart. Taylor Stiles & Co. (283) 
INJECTION PRESS. 8-page booklet discusses 
features of 28 oz. injection press that 
handies 165 lb. an hour. Includes com- 
prehensive specifications chart. National 
Automatic Tool Company, Inc. (284) 
MIXERS FOR PLASTICS. Illustrated folder de- 
scribes mixers for plastics materials, in- 
cluding spiral ribbon, double arm, and 
vertical models. Read Standard. (285) 
INJECTION MACHINES. 6-page folder de- 
scribes construction and operational fea- 
tures of a 12-16 oz. capacity press having 
either a 14 or 20 in. stroke. Includes 
diagram of die plates and nozzle arrange- 
ments, Lombard Governor Corp. (286) 
INJECTION MOLDING MACHINES. Concise 
6-page folder discusses all phases of a 
16-20 ounce injection aie press 
which has a locking pressure of 438 tons, 
350 dry cycles per hour, 20 inch stroke. 
Includes schematic drawing, floor plan, 
and_ specifications. Lombard Governor 


Corporation. (287) 
AUTOMATIC MOLDING METHODS. A thy. 
oughly comprehensive 24-page bookle: 
traces the origins, growth, and uses 
fully automatic compression and injec. 
tion molding equipment and discusses 
applications, cost, labor savings, and gep. 
eral advantages of automatic operatioy 
F. J. Stokes Machine Company. (288) 
CHEMICAL PROCESS EQUIPMENT. 12-pag: 
booklet serves as general guide to this 
company’s line of corrosion-resistant re. 
actors, columns, heat exchangers and cop. 
densers, evaporation equipment, storag, 
and mixing tanks, agitators, valves and 
materials handling equipment. Pfaudle: 
Co. (289 
MANUAL ON MOLD TEMPERATURE con. 
TROLS. 80-page manual consists of jj. 
grams and text discussing mold discharg, 
control, mold temperature control 
plunger-slide oil cooling, contro] 

quench or curing. Also gives specifics. 
tions and features and applications of , 
full line of controlling devices and regy. 
lators. The Powers Regulator Co. (299 
CAPSTAN FOR EXTRUDING. Data sheet de- 
scribes a light duty caterpillar capstan fo 
pulling plastic pipe or cable after extr- 
sion. Operating features, capacity, speci- 
fications and floor plan are _ included 
Davis-Standard Co. (291 
PYROMETERS. 8-page catalog describes 
and gives specifications and prices of , 
line of optical, radiation, surface and in. 
dicating pyrometers. The Pyrometer |p- 
strument Co. (292 
VIBRATORY FEEDERS. 32-page illustrated 
booklet contains complete data and spe- 
cifications on this company’s line o 
vibratory feeders as used in batching 
weighing, mixing, drying and related ap- 
plications. Syntron Corp. (293 
WEB TENSION INDICATOR. 2-page bulleti 
discusses the operation and = oa of at 


instrument for measuring tension and in- 
dicating fluctuations in moving or station- 


ary webs. Includes diagram and specif- 
cations. John Dusenbery Co. (294 
HYDRAULIC PRESSES. 4-page brochure pic- 
tures and lists specifications for a line of 
3 to 50-ton capacity hydraulic laboraton 
presses for molding, laminating, testing 
dies, crushing, etc. Wabash Metal Prod- 
ucts Co, (295 
FABRIC COATING AND IMPREGNATION. 2)- 
page illustrated reprint outlines desig 
considerations and application techniques 
of many types of coating machines for 
surface coating, as well as saturating sys- 
tems for rubber and plastic fabric in- 
pregnation. C. A. Litzler Co., Inc. (296 
TOGGLE CLAMPS. Large catalog of myriad: 
use toggle clamps for industries such 
automotive, aircraft, appliance,  air- 
conditioning, radio and _ television, fea- 
tures types of clamps designed for any 
phase of plastics fabricating where posi- 
tive, vise-like pressure and quick releas 
are needed. Price list included. Detroit 
Stamping Company. (297 
GRINDING MILLS. Descriptive 4-page |eal- 
let discusses one-operation mills that pr0- 
duce pulverized fines from below 4 
microns to as low as % micron, and grin 
and classify material in a single chamber 
Includes schematic drawings and chat! 
data. Sturtevant Mill Company. (298 
MANUAL SPRAY GUNS. Illustrated |2-pat' 
catalog describes features of a line “ 
manual spray guns for use in sprayilé 
polyester resins and catalysts, in deco- 
rative coating applications, and for spray- 
ing foams. Paasche Airbrush Co. (299) 
INJECTION MOLDING MACHINES. Literatur 
illustrates and describes line of 2, 

and 4-ounce hydraulic injection 
chines with plasticizing capacity rangin! 
from 50 to 90 Ibs. per hr. Specifications 
included. Moslo Machinery Co. (300) 
SAND BLAST MACHINES. Bulletin prese®!s 
features of several types of automatic an¢ 
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semi-automatic cabinet and bench-type 
<and blasting machines for mat finishing 
d cleaning of plastics and other materi- 

ls. Specifications listed. Leiman Bros., 
lr (301) 
ELECTRIC CARTRIDGE HEATERS. Illustrated 
folder describes line of cartridge heaters 
ipplying localized heat to work areas 
ruiring close thermal control, such as 

ies, platens, molds, processing equip- 
ent. Edwin L. Weigand Co. (302) 
GRANULATORS. Illustrated 4-page brochure 
lists features and specifications of a line 
f high-based, all-steel granulators de- 
ened to handle thermoplastic materials 
m .001 in. film to solids 11 in. thick. 
\lsteele Engineering Works, Inc. (303) 
VACUUM FORMERS. Illustrated folder de- 
ribes and provides specifications for 
xcuum former that handles 36 by 36 in. 
heets, and a model that handles 21 by 21 
sheets. Atlas Vacuum Corp. (304) 
DOUBLE ROTATION OVENS. 4-page leaflet 
es details of design, function, opera- 
ind much technical data on a heavy- 

id rotation oven for measured molding 
vinyl plastisol. E. B. Blue Company. 
(305) 

INJECTION MOLDING MACHINE. 4-page 
folder outlines features of automatic 3-oz. 
s with a speed of 600 to 840 cycles 
hour and a 45-lb. plasticizing capacity. 
Specifications included. Fellows Gear 
S] iper Co. (306) 
EXTRUDERS. 50-page catalog describes de- 
construction and performance fea- 
tures of a line of single screw extruders 
vailable in 1% in. to 8 in. screw diam- 
rs. Prodex Corp. (307) 
HYDRAULIC PRESSES. 2-page illustrated bul- 
tin lists prices and specifications of lines 

f self-contained 10 to 2,000-ton motor- 
ven hobbing presses; compression and 
transfer molding presses, etc., for labora- 
tory and production use. M & N Hy- 
lraulic Press Co. (308) 
PLASTICS DRYERS. 4-page illustrated bro- 
lure discusses construction and opera- 
tional features of a line of cabinet tray 
lrvers for drying, preheating and low 
nperature baking of vinyl, nylon, and 
ther plastic molding and extrusion pow- 
lers. Includes specifications and diagrams. 
(309) 
Illustrated 


Lydon Bros., Inc. 

THERMOFORMING MACHINE. 
{-page booklet presents design and 
onstruction features of an automatic 
thermoforming machine for heavy-duty 
thermoforming: deep-drawing, draping, 
slipping and dropforming. Hydro 
Chemie, Ltd (310) 
VISCOSITY GAUGE. 4-page illustrated folder 
lescribes machine for measuring viscosity 
f synthetic resins, inks, lacquers, glues, 
during chemical, temperature and 
time-lapse changes. Cites uses in testing 
raw materials, and in production an 
juality control. C. W. Brabender Instru- 
ents, Inc. (311) 
CENTRIFUGAL AIR SEPARATOR. 4-page il- 
ustrated leaflet discusses features of a 
iaterials separator for removal of fines 
they are produced by the mill. Unit 
indles wood flour, soya flour, silica sand, 
Includes operating information and 
ifications. Universal Road Machinery 

{ (312) 
MARKING MACHINES. Catalog lists full line 
marking, numbering and stamping 
lipment for marking material from 
ids and dies; branders for plastics, 
|, leather; accessories such as inks, 


ping dies. Included are a stamping 


pressure chart, specifications, features. 
(he Acromark Co. (313) 
FABRICATING EQUIPMENT. Illustrated bro- 
chure gives details on line of gang saws, 
laminating presses, panel edgers and 
trimmers, and shaping equipment for 
lastic panels, laminated sheets and 

dboard. Construction features and de- 

n of each are discussed, Prices in- 


cluded. Kvalheim Machinery Co. (314) 
ROTARY BATCH BLENDERS. 4-page_illus- 
trated leaflet describes features, gives 
specifications on batch-blenders with 
rum-mixing capacities from 500 to 4,000 
Ibs. for dry or semi-dry materials. Sturte- 
vant Mill Company. (315) 
TENSILE TESTING INSTRUMENTS. Series of 
technical bulletins on a group of testing 
instruments and accessories for measuring 
tensile strength, flexure and compression 
data. Price lists included. Instron En- 
gineering Corporation. (316) 
DEHUMIDIFIER FOR INJECTION MACHINES. 
Illustrated leaflet describes features of 
thermostatically-controlled hopper-dryer 
for small injection machines of up to 
4-ounce capacity. Unit is available also 
for use with hygroscopic materials. Thore- 
son-McCosh, Inc. (317) 
MOLDING PRESS. Bulletin presents features 
and specifications of a high-speed press 
for all thermosetting plastics, including 
alkyds. Discusses mold and feed, injec- 
tion, adjustments, air supply, etc. F. J. 
Stokes Machine Co. (318) 
INDUSTRIAL OVENS. Illustrated data sheet 
gives features, specifications and prices 
for a line of gas and electric cabinet 
ovens with maximum temperatures from 
500° F. to 1,000° F. Grieve-Hendry Com- 
pany, Inc. (319) 
MEASURING VISCOSITY. Illustrated folder 
describes operation, design features of 
company’s “Viscometran,” a unit that 
continuously measures viscosity in proc- 
essing operations. Brookfield Engineering 
Laboratories, Inc. (320) 
ROTATIONAL MOLDING OF PLASTISOLS. 
Literature describes units for rotational 
molding of vinyl plastisols. Consists of 
gas-operated oven with two 24 to 30 in. 
diameter mold holders mounted on a 
planetary drive. Also describes accessory 
equipment. Mercury Conveyor, Inc. (321) 
CARBIDE-TIPPED CIRCULAR SAWS. 8-page 
folder illustrates and describes line of 
carbide-tipped saw blades for spc ific 
plastics cutting requirements. Forrest 
Manufacturing Co., Inc. (322) 
PLASTICS EQUIPMENT. Illustrated catalog 
sheet describes injection and compression 
presses, extruders, mixers, Ovens, em- 
bossing and laminating machines, and 
Banbury mixer offered by New Jersey 
distributor. Prices included. Johnson Ma- 
chinery Co. (323) 
DIELECTRIC WELDING. 16-page manual dis- 
cusses principles of high frequency weld- 
ing and heating of plastics materials. 
Examines operating procedures and equip- 
ment requirements for fabricating of vinyl 
sheet and plastic foams. Radio Receptor 
Co. (324) 
TESTING EQUIPMENT. 8-page brochure con- 
tains illustrations and descriptions of a 
wide range of equipment for testing flam- 
mability, electrical resistance, tension, 
thermal conductivity, abrasion, and 
thickness. Custom Scientific Instruments, 
ne. (325) 
SPRUE GRINDER. 8-paze illustrated litera- 
ture presents features of a_ portable, 
bench-type sprue and parts grinder with 
a 6% by 7 in. throat. Gives specifications, 
prices, and list of accessories. Injection 
Molders Supply Co. (326) 
SCRAP GRINDER. 12-page catalog pictures 
and describes design, construction, and 
operation of line of light and heavy duty 
materials-reducing hogs with output ca- 
pacities ranging from 1,500 to 60,000 Ibs. 
per hour. Includes specifications. Mitts 
and Merrill. (327) 
TRANSFER MOLDING PRESS. Bulletin con- 
tains detailed specifications and _ blue- 
prints of 350-ton transfer press with 26 
in. daylight openings and 30% in. by 33% 
in. platen dimensions. Improved Ma- 
chinery, Inc. (328) 
COLOR TESTING. Illustrated 20-page book- 
let describes the operation of the Fade- 


ometer, an electrically operated laboratory 
testing machine that determines the light 
fastness of colored materials through ex- 
posure to accelerated fading conditions. 
The Atlas Electric Devices Co. (329) 
STICKY MATERIALS FEEDER. 4-page_illus- 
trated folder supplies full information 
on a mechanical feeder designed for con- 
tinuous flow of damp, oily, lumpy friable, 
or semi-plastic materials from bin to point 
of discharge. Design applications are dis- 
cussed, Pulva Corporation. (330) 
HYDRAULIC BALING PRESSES. 4-page illus- 
trated leaflet presents features of a line 
of high speed baling presses with bale 
weight capacities ranging from 50 to 
over 500 Ibs. and pon N up to twice 
as much for plastics materials. Consoli- 
dated Baling Machine Co. (331) 
INJECTION MOLDING MACHINES. I]lustrated 
data sheets present features of a line of 
“Formaton” 2 to 4 oz. injection molding 
presses featuring automatic product ejec- 
tion. Includes standard and_ optical 
equipment, diagrams and _ specifications. 
Guy P. Harvey & Son Corp. (332) 
CARBIDE-TIPPED SAWS. Folder describes 
lines of carbide-tipped saws that range 
in diameter from 2 in. to 30 in., with alter- 
nate or tri-cut teeth. Also lists cutters and 
bits. Lafayette Saw and Knife Co. (333) 
AUTOMATIC FABRICATING EQUIPMENT. De- 
scribes line of small manually and foot- 
operated presses for stamping, beveling, 
cutting, embossing, heating, bending and 
degating of small plastics components. 
Folder gives specifications for equipment. 
Standard Tool Company. (334) 
MIXING EQUIPMENT. Illustrated 4-page 
bulletin describes portable mulling ma- 
chine with 2% to 3% cubic ft. batch capac- 
ity suitable for blending and mixing dry, 
wetted or plastic materials. Explains 
principles of operation, special features 
Includes specifications. National Engi- 
neering Company. (335) 
ROLLER MILLS. 8-page illustrated booklet 
discusses features of a line of 5,500-Ib. 
to 6.300-Ib. double roller mills for grind- 
ing flour, pigments, soy beans, kaolin, etc 
The Wolf Co. (336) 
HYDRAULIC FLUIDS. 24-page booklet de- 
scribes characteristics of hydraulic fluids 
and hydraulic systems and covers such 
subjects as viscosity recommendations, 
corrosion and rust prevention, reservoir 
requirements, and maintenance. Vickers, 
Inc. (337) 
SPECIALIZED DRIVES IN MOTORS. 12-page 
booklet discusses specialized drives in 
electric motors, a.-c. motors to 400 hp., 
d.-c. units to 1,000 hp., d.-c. and a.-c. gen- 
erators and motor generator sets, gear 
motors in variable speed drive systems, 
and their control. Reliance Electric & En- 
gineering Co. (338) 
COMPACTING MILL. Bulletin describes me- 
chanical means for converting or upgrad- 
ing particle size, and for controlling prod- 
uct density and product solubility factors. 
It also refers to such processing equip- 
ment as a granulating mill, vibrating 
screen and gyratory screen used inde- 
pendently or with a compactor. Allis- 
Chalmers. (339) 
TEMPERATURE CONTROLLER.  IIlustrated 
2-page bulletin describes and gives speci- 
fications of an electronic, single-knob pro- 
portional temperature controller with in- 
dependent control and _ temperature 
indicating functions. Electronic Processes 
Corp. of California. (340) 
HYDRAULIC PRESSES. 12-page catalog de- 
scribes construction features and contains 
specifications for a line of 30 to 500 ton 
compression and transfer presses, and 
from 300 to 5,000 ton hobbing presses, 
and of accessory hydraulic pumps, ac- 
cumulators and controls. Elmes Engineer- 
ing Div., American Steel Foundries. 
(341) 
AUTOMATIC COMPRESSION PRESSES. Illus- 
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trated 12-page catalog describes features 
and gives specifications on line of 50, 75, 
125, and 200-ton fully automatic com- 
pression molding presses with platen 
ireas up to 30 by 24 inches and cycling 
speeds ranging from 8 to 11 seconds. F. J. 
Stokes Machine Co. (342) 
POWER PRESSES. 6-page illustrated bulletin 
lists complete specifications for lines of 
inclinable, straight side, gap and horn 
power presses. Includes a. and op- 
tional features. Johnson Machine & Press 
Corp. (343) 
PYROMETER CONTROLLER. Specification 
sheet on a pyrometer controller of the 
potentiometer signaling type which is 
ivailable in a selection of standard scales 
ranging from 0-600° F. to 0-3,000° F. 
Thermo Electric Co. Inc. (344) 
VACUUM COATERS. Illustrated 12-page 
booklet presents a line of rapid cycle 
vacuum coaters, ranging from laboratory 
table models to large, high capacity pro- 
duction units, The booklet also discusses 
features and economics of the vacuum 
process. NRC Equipment Corp. (345) 
MIXERS. Illustrated catalog covers com- 
pany’s line of mixing machines, suitable 
for mixing plastics. Discusses operating 
features and includes specifications. Mix- 
ing capacities of machines range from 1 
gallon to 300 gallons. Paul O. Abbé, Inc. 

(346) 
PRESSURE SWITCHES. 64-page design hand- 
book and catalog illustrates and describes 
line of single and dual setting pressure 
and vacuum switches. Gives detailed data 
on all standard models, general operating 
ind engineering service data, and operat- 
ing characteristics. Pressure Switch Di- 
vision, Barksdale Valves. (347) 
HYDRAULIC CYLINDERS. Series of five com- 
prehensive catalogs present detailed infor- 
mation on line of oil and air-powered hy- 
draulic cylinders, control valves, mounting 
plates, knuckles and related accessories. 
Single and double-acting, and single and 
two-pressure type pumps are covered. 
Hannifin Corp. (348) 
MOLDING EQUIPMENT. Engineering data 
sheet file contains features, specifications 
and prices for a line of aerosol mold re- 
lease and anti-rust agents; a line of super- 
heaters for Reed-Prentice machines; and 
ball and pineapple-type mixing and termi- 
nal plasticizing nozzles. Injection Molders 
Supply Co. (349) 
ROTARY COMPRESSORS AND VACUUM 
PUMPS. 11-page illustrated booklet de- 
scribes line of self-contained single-stage 
water-cooled rotary compressors and vac- 
uum pumps. Gives specifications, dia- 
grams, and information on construction, 
operation and accessories. Allis-Chalmers. 

(350) 
INJECTION PRESS. 2-page illustrated bulle- 
tin discusses a %-oz., up to 225 cycle/hr. 
air-operated thermoplastic injection press 
for experimental short runs, small preci- 
sion parts, ete. Specifications included. 
Simplomatic Mfg. Co. (351) 
ELECTRONIC SEALING MACHINES. IIlus- 
trated literature describes line of elec- 
tronic heat sealers and generators: in- 
cludes 2-post, 4-post, and guillotine 
presses, a 250 watt rotary sealer, and 
generators from 1 to 12 kw. output. May- 
flower Electronic Devices, Inc. (352) 
INJECTION PRESS. Folder contains specifi- 
cations and illustrations of 2%-oz. injection 
press. Also illustrates compression presses 
manufactured by this company. Clifton 
Hydraulic Press Co. (353) 
EXTRUDER. Informative brochure on a 
high-speed, screw-type extruder that em- 
ploys only screw friction for heating the 
thermoplastic mass, describes its work- 
ing principle, construction and range of 
application in production of such items as 
pipes, hoses, flat tubes, solid shapes and 
sections, rods, threads. Includes technical 
data. Alpine-Lukens, Inc, (354) 
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PANEL SAW. Leaflet gives construction 
features and specifications of an auto- 
matic panel-sizing machine in which the 
saw moves automatically on a track while 
the material itself remains stationary. 
Operating features include compactness 
and 36 f.p.m. rate of speed. A & A Saw 
& Machine Co. (355) 
PULVERIZING MACHINES. 32-page brochure 
discusses the construction and applica- 
tions of a series of pulverizing machines. 
{ncludes illustrations, dimensions, and 
capacity tables for different materials. 
Pulverizing Mach. Div., Metals Disinte- 
grating Co., Inc. (356) 
FLEXURE AND COMPRESSION TESTER. Litera- 
ture describes hydraulic machine that can 
be used for destructive and non-destruc- 
tive flexure and compression testing of 
molded and reinforced plastic pieces. In- 
cludes illustrations and specifications. 
Soiltest, Inc. (357) 
GRANULATORS. Literature describes oper- 
ating features of a line of heavy-duty ma- 
chines with capacities from 75 to 400 
Ibs. per hour for grinding thermoplastic 
materials. Includes specifications. Ball & 
Jewell, Inc. (358) 
ADJUSTABLE SPEED DRIVES. 16-page illus- 
trated bulletin explains features of an 
electric adjustable speed variator drive, 
with particular emphasis on such parts as 
generators, relays and contacters, excita- 
tion system, controls. etc. Includes all 
specifications, and a slide rule for deter- 
mining correct motor dimensions. General 
Electric Co. (359) 
ACCESSORIES FOR INJECTION MOLDING. II- 
lustrated 54-page catalog describes ex- 
tensive line of tumblers, grinders, ovens, 
nozzles, mold clamps, heating cylinders 
and other accessories used in injection 
molding operations. Gives features, speci- 
fications and prices. Injection Molders 
Supply Co. (360) 
PRINTING POLYETHYLENE FILM. Illustrated 
bulletin describes principles of operation 
of an electronic device that mounts on 
extruders to treat polyethvlene film of any 
gange in widths up to 66 in. to prepare 
it for printing. Aetna Electronic Corp. 
(361) 
VARIABLE SPEED DRIVES. Illustrated 8-page 
catalog describes line of package drive 
units from 5 to 200 horsepower for vari- 
able speed driving of extruders and other 
equipment. Allis-Chalmers. (362) 
MOLD TEMPERATURE CONTROLS. Brochure 
describes operation of a recirculating con- 
trolled-temperature water system for 
holding temperatures at the mold face to 
predetermined levels. Method is con- 
trasted with other temperature control 
techniques. Industrial Manufacturing 
Corp. (363) 
HEAT SEALERS. Illustrated folder describes 
% to 30 kw. electronic heat sealing eauip- 
ment. Lists typical fabricated products 
sealed by this equipment. Sealomatic 
Electronics Corp. (364) 
COMPRESSION PRESSES. Folder describes 
company’s 75-ton hydraulic press, and a 
50-ton press suggested for laboratory use. 
Atlas Hydraulics, Inc. (365) 
HYDRAULIC CYLINDER CATALOG. 8-page 
catalog contains diagrams and specifica- 
tions for line of high pressure hydraulic 
cylinders with 1% to 12 in. bores that 
operate at over 2,000 p.s.i. Miller Fluid 
Power. (366) 
POLYMERIZERS. Illustrated folder describes 
company’s glassed-steel reactor units for 
the polymerization of synthetic resins. 
Includes specifications, diagrams, engi- 
neering data. The Pfaudler Co. (367) 
INTER-OFFICE COMMUNICATION. Illustrated 
booklet describes advantages of using 
“Dictograph” telephone system for inter- 
office communication. Also shows loud- 
speaker system, paging and music sys- 
tems. Dictograph Products, Inc. (368) 


PLASTICS PROCESSING EQUIPMENT. [\ly:. 
trated literature shows extensive line of 
mixing, calendering, embossing, granulat- 
ing, extruding, and molding equipment, 
Elmo International. (369) 
SPRAY PAINTING MACHINES. Catalog sheet 
describes an automatic reciprocating type 
spray painting machine capable of spray. 
ing areas up to 12 in. wide and 40 jp 
long and another rotary gun spray 
painter designed for the painting of 
round and deep-draw parts. Conforming 
Matrix Corp. (370 
DRUM TUMBLERS. Illustrated 4-page folder 
presents specifications, prices for % hp 
2 hp., and 3 hp. disposable-drum models 
for dry color mixing. Lists specifications 
prices. Injection Molders Supply Co 
(37) 
AIR CLEANER. Illustrated 8-page brochur 
describes the construction and operational 
features of a line of knocked-down or as- 
sembled machines for controlling dust and 
fumes by means of cloth filter tubes 
Wheelabrator Corp. (372) 
FLEXIBLE CONVERTING MACHINERY. [llus- 
trated data sheet folder describes features 
of an automatic vacuum forming machin 
a sheet tester, an automatic filler and 
sealer, and a semi-automatic laboraton 
vacuum forming machine. Roto Bag-Hol- 
weg Div., Conapac Machine Co. (373) 
THREE-PLATE MOLD SETS. Illustrated 4-pay 
bulletin describes the features of a series 
of newly standardized three-plate mold 
sets, which feature “floating plates,” re- 
portedly solving the linear motion prob- 
lem. National Tool & Mfg. Co. (374) 
PLASTICITY MEASURER. Illustrated release 
describes a line of instruments for meas- 
uring and recording, in graph form, th 
consistency, absorption, swelling, mixing 
requirements, mixing tolerance, break- 
down, etc., of plastic materials. Bra- 
bender Corporation. (375) 
TOGGLE PRESS. 4-page illustrated releas 
describes self-contained, semi-automati 
compression and transfer toggle press 
featuring a bar controller which auto- 
matically regulates phases of the molding 
cycle. F. J. Stokes Corp. (376) 
TEMPERATURE CONTROLLERS. _ Illustrated 
folder lists features, specifications for a 
line of electronic temperature indicating 
controllers which operate with on-off, 
proportional, or adjustable differential 
controls, For extruding, injection mold 
ing, etc. Fenwal, Inc. (377) 
MOISTURE TESTER. Illustrated 6-page folder 
describes design and operational features 
of a semi-automatic, two-step machine f 
determining the moisture content of or 
ganic and inorganic materials, and _show- 
ing moisture percentage readings <lirect!) 
on dial. C. W. Brabender Instruments 
Inc. (378) 
PLASTICS GRANULATOR. Illustrated | (-page 
booklet describes the features of lines of 
plastics pre-breaking machines; centra! 
and “beside the press” granulators; an 
chopping, dicing and pelletizing ms- 
chines. Includes diagrams and technical 
data. Cumberland Engineering Co an 
PLASTIC BOTTLE BLOWER. Illustrated 4-pag' 
brochure presents features of an auto- 
matic machine for making finished bot- 
tles up to 1 liter, doll heads and other 
hollow items from all thermoplastic m4 
terials. The Blow-O-Matic Corp. or 
CONVEYORS FOR PLASTICS. 4-pag« folde f 
pictures and describes lines of m nuall 
and automatically operated self-suppor': 
ing and large capacity conveyors for al! 
plastic materials. Includes special con 
veyors and attachments. Whitlock Ass0- 
ciates, Inc. (361) 
INJECTION MOLDING MACHINES. Illustrated 
26-page catalog contains information © 
a line of 4-32 oz. automatic injecti! 
molding machines. Includes specification. 
design and operational features, « 





pment. Reed-Prentice Div., Package 
Ma } inery Co. (382) 
ROLL-LEAF STAMPING PRESSES. Illustrated 
lder describes lines of light, medium, 
| heavy-duty hand and air-operated 
leaf stamping equipment for items 
24 in. high. Includes specifications, 
essory equipment, supplies. Olsenmark 
ree (383) 
HOT PRESS STAMPING MACHINE. Fact sheet 
small hand-operated stamping ma- 
ne for gold or color roll leaf imprint- 
ing on small, odd-shaped plastic parts. 
Ackerman-Gould Co. (384) 
QUARTZ IMMERSION HEATERS. Illustrated 
folder describes lines of laboratory and 
shop fused quartz immersion heaters for 
kling, plating, and electropolishing. 
nits feature portability, light weight, 
heat density. Bulletin includes 
es, application data. Cleveland Proc- 
ess Corp. (385) 
PLASTICS GRANULATORS. Illustrated 4-page 
folder describes construction and opera- 
tional features of a line of rotary knife 
hermoplastics scrap granulators with ca- 
pacities from 100 to 400 pounds per hour. 
Includes specifications, fmol Ameri- 
can Pulverizer Co. (386) 
HEAT SEALING DIGEST. House organ con- 
tains technical and engineering informa- 
of interest to users of heat sealing 
equipment. Company offers free subscrip- 
tion. Kabar Manufacturing Co. (387) 
SQUARING SHEARS. 6-page illustrated cata- 
log describes line of power-driven squar- 
ing shears with automatic lubrication 
system. Gives specifications. Wysong & 
Miles Co. (388) 
INJECTION PRESSES. Folder provides illus- 
trations and specifications for company’s 
2, 4 oz. injection presses, and points out 
design features. Moslo Machinery Co. 
(389) 
ELECTRIC RADIANT HEATERS. Folder de- 
scribes fused quartz electric radiant heat- 
ers available in single or multiple units, 
anels, or complete oven assemblies. 
pecifications included. Cleveland Process 
(390) 
NGRAVING EQUIPMENT. Illustrated cata- 
log describes and lists prices for a cutter 
grinder, nameplate engraver, drill press, 
nameplate edging machine, and various 
types of laboratory testing equipment. 
Mico Instrument Co. (391) 
EDGER AND TRIMMER FOR LAMINATED 
SHEET. Illustrated folder describes edger 
and trimmer combination for laminated 
plastic sheet that sizes 1,500 to 2,000 
sheets per hour. Discusses principal fea- 
tures. Kvalheim Machinery Co. (392) 
AUTOMATIC PRESSES. 8-page_ illustrated 
brochure discusses features and gives 
specifications of a line of self-contained 
high speed 60 to 450-ton hydraulic 
presses with automatic cycling and load- 
ing. Units can be used for compression 
or transfer molding. Baker Bros., Inc. 
(393) 
ENGRAVING MACHINE. 4-page looseleaf 
folder presents features of a three-dimen- 
sional pantograph engraver. Gives com- 
plete specifications and discusses stamps, 
cies, engravings. H. P. Preis Engraving 
Machine Company. (394) 
MOLD TEMPERATURE CONTROL. Bulletin de- 
s ribe Ss company’s mold temperature con- 
trol unit, suitable for injection molding, 
vacuum forming and sheet extrusion op- 
erations. Gives specifications and dis- 
cusses features. Sterling, Inc. (395) 
INDUSTRIAL SCALES CATALOG. Illustrated 
folder describes and lists capacities of 
tensive line of industrial scales, includ- 
ing floor, overhead track, hopper, bench 
ind portable types. Toledo Scale Co. 
(396) 
ROTARY GRANULATORS. Illustrated folder 
scribes two rotary granulators for plas- 
tics materials. Also describes granulator 
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ipped with cooling fan for working 


heat-sensitive or warm plastics. Includes 
specifications. Lukens Laboratories. 
(397) 
INJECTION MOLDING MACHINE. Illustrated 
data sheets describe features of an auto- 
matic 2%-oz. horizontal plastics injection 
molding press, for plasticizing up to 30 
pounds B os per hour. Includes specifica- 
tions, prices. The Van Dorn Iron Works 
Co. (398) 
HYDRAULIC EQUIPMENT. Folder contains 
cross-section diagrams, detailed specifica- 
tions of line of hydraulic valves and cycle 
controllers. Line includes 2- and 3-way, 
reverse acting, and direct acting valves. 
The Sinclair-Collins Valve Co. (399) 
HIGH SPEED PRESSES. Folder illustrates 
hydraulic presses designed for operations 
where high closing speed and a compara- 
tively short pressure stroke are desirable. 
Includes cross-section diagram and speci- 
fications chart. Davidson-Kennedy Co. 
(400) 
PROCESSING MACHINERY. Literature offers 
a variety of standard mills from 6 in. by 
12 in. to 26 in. by 84 in., suited to plastics 
manufacture requiring heavy-duty equip- 
ment. Illustration shows points of con- 
struction, with explanation of all parts 
functions. Erie Engine & Mfg. Co. (401) 
ROUND KNIFE CUTTER. Illustrated bulletin 
describes line of rotary knife cutting ma- 
chines suitable for cutting plastic film and 
sheeting, glass mat, etc. Eastman Machine 
Co. (402) 
HEAT SEALING MACHINERY. 8-page illus- 
trated brochure lists specifications and 
prices for a line of hand, foot-pedal, and 
power-operated machines that seal ther- 
moplastic films by means of short, re- 
peated heat impulses. Vertrod Corpora- 
tion. (403) 
SMALL HYDRAULIC PRESS. Literature pro- 
vides detailed information and prices of 
small hydraulic press and accessories, 
designed to meet wide range of labora- 
tory requirements. Maximum press load 
is 10 tons; maximum daylight is 16 
inches. Fred S. Carver, Inc. (404) 
PACKAGING HEAVY PRODUCTS. 48-page 
illustrated booklet contains case history 
studies on the packaging of heavy prod- 
ucts such as pumps, machine parts, 
motors, plastics and nails, in corrugated 
boxes. Illustrates several corrugated box 
styles. Hinde & Dauch. (405) 
SLITTERS, REWINDERS, SHEETERS. 6-page 
folder illustrates and describes extensive 
line of slitters, rewinders, sheeters. Line 
includes drum-type sheeter, single rewind 
slitters, and a cutter for rigid plastics. Ap- 
pleton Machine Co. (406) 
TESTING APPARATUS. Folder contains illus- 
trations of line of testing apparatus in- 
cluding abrasion testers, hardness testers, 
resilience testers, thickness gauges, and 
laboratory ovens. Testing Machines, Inc. 
(407) 
GAUGE CONTROLLER. 6-page folder illus- 
trates and describes a Beta gauge scan- 
ning machine for light materials that 
continuously measures and/or records de- 
viations in the weight of paper, plastics, 
sheets and coatings. Also discusses opera- 
tion and gives capacity ranges. Tracerlab, 
Inc. (408) 
TACHOMETER CATALOG. 12-page catalog 
contains illustrations and _ specifications 
for line of tachometers for indicating 
changes in speed of equipment. Includes 
portable models. Jones Motorola Corp. 
(409) 
DOUBLE ROLLER MILLS. 12-page brochure 
gives features of a new series of double 
roller mills, and shows a complete ex- 
ploded view of the basic mechanisms in- 
volved in operation. Working drawing, 
charts of dimensions, and types of drive 
are included. The Wolf Co. (410) 
PACKAGED STEAM GENERATORS. 4-page 
leaflet presents features of a line of steam 
generators for plastics processing ma- 


chinery for use in remote areas, and as 
auxiliary boilers for additional steam 
capacity. Lists specifications, dimensional 
data. Pantex Manufacturing Corp. (411) 
HEAT SEALING EQUIPMENT. File folder con- 
tains catalog sheets describing a line of 
electronic heat sealers, preheaters, gen- 
erators, and other heat sealing equipment. 
Radio Receptor Co., Inc. (412) 
MULTI-COLOR PRINTING MACHINE. Illus- 
trated folder describes press that prints 
letterpress or offset on flat, round, raised 
or recessed surfaces of plastic, metal, 
wood, or glass. Available in one-, two-, 
or three-color models. Cosom Engineering 
Corporation. (413) 
BAND HEATER FOR INJECTION MACHINES. 
Catalog sheets give specifications, diam- 
eters, voltages, watt densities and illus- 
trations of line of electric heating bands 
designed for installation on injection cyl- 
inders. Thermel, Inc. (414) 
DIE STEEL. Literature contains data on 
compostion features and _ characteristics 
of die steel suitable for applications 
where dies are subject to heavy pressur¢ 
or impact while in contact with heat. 
Firth Sterling, Inc. (415) 
EXTRUSIONS FUNDAMENTALS. 32-page man- 
ual presents basic information on thermo- 
plastic extrusion equipment, processes and 
theories. Tables, graphs, diagrams and 
illustrations included. Monsanto Chemi- 
cal Co. (416) 
CASTING AND IMPREGNATING TECHNIQUE. 
48-page illustrated catalog on vacuum 
impregnation equipment describes its ap- 
plication for mold casting, insert casting, 
and resin impregnation. NRC Equipment 
Corp. (417) 
FLEXURE AND CRUSH TESTER. Illustrated 
brochure describes, gives dimensions of 
small, motor-driven crush and flexure 
tester with dual range of 0 to 1,000 and 
0 to 100 lbs. National Forge & Ordnance 
Company. (418) 
TESTING MACHINES. Illustrated brochure 
gives detailed description of a table-model 
tension and compression testing machine 
suitable for plastic products. National 
Forge & Ordnance Company. (419) 
PORTABLE HARDNESS TESTER. Data sheet 
describes a line of portable hardness 
testers for plastics and metals. Engineer- 
ing data and prices are included. Barber- 
Colman Co. (420) 
INJECTION MACHINES. Illustrated 40-page 
catalog describes line of injection presses 
with 14 to l-oz. capacities. For small and 
specialty items, plastic molding over in- 
serts; laboratory test-samples design and 
production, short or moderate runs. In- 
cludes specifications, technical data, mold- 
ing information and diagrams. Newbury 
Industries, Inc. (421) 
TEMPERATURE INSTRUMENTS. Illustrated 
catalog shows a selected line of tempera- 
ture recorders, controllers, indicators, 
control systems and accessories, and 
gives a brief description of the function 
of each instrument. West Instrument Cor- 
poration. (422) 
INJECTION MACHINES. 4-page bulletin dis- 
cusses the design, construction, and opera- 
tion of a line of 1% to 2-oz. high-speed 
self-contained hydraulic injection ma- 
chines that perform at up to 690 cycles 
per hour. Guy Harvey & Son Corp. (423) 
SPRAY MASKS. 20-page brochure illustrates 
and describes wide range of spray mask- 
ing devices and decorative effects that 
can be achieved with these masks, Also 
discusses mask jigs and fixtures. William 
M. Fiore, Inc. (424) 
HYDRAULIC PRESSES. Brochure illustrates 
company’s extensive line of standard and 
special purpose side-plate, column-type, 
hot-plate, and compression molding 
presses. The French Oil Mill Machinery 
Co. (425) 
PLASTICITY TESTER. Illustrated 6-page bul- 
letin describes operation and features of 
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automatically 


instrument that 
records structural changes of pasty and 
highly viscose materials during all stages 


a_ testing 


of test. The unit has special applications 
for testing vinyl stabilizers and_plasti- 
cizers, for controlling resin compounding, 
ind for research. C. W. Brabender Instru- 
ments, Inc. (426) 
COOLER FOR MOLDING MACHINES. Litera- 
ture illustrates and describes liquid cool- 
ing unit suitable for providing cold water 


for the jackets of plastics molding ma- 
chines. Includes illustrations of line of 
heaters, coolers, and air conditioners. 
Niagara Blower Company. (427) 
HYDRAULIC PRESSES. Folder _ illustrates 
line of compression, transfer, laminating 


and angle presses. Some models can exert 
pressures up to 10,000 tons. Karlton Ma- 


chinery Corporation. (428) 
ELECTROFORMED MOLDS. Data sheet de- 
scribes the method by which electro- 


formed molds for vacuum forming of plas- 
tics are made, outlines their advantages, 
and gives instructions on how such molds 
are prepared for actual use on vacuum 
forming equipment. T. V. Jay Co. (429) 
FILM FOR SILK SCREENING. Illustrated 
folder describes a solvent adhering film 
for silk screen process printing. Ulano 
Products Company. (430) 
INDUSTRIAL TEMPERATURE CONTROLS. Con- 
densed catalog of temperature controls 
and allied equipment for industrial heat- 
ing and refrigeration presents detailed 
information on recording, indicating, elec- 
trical and mechanical non-indicating in- 
struments. Specifications and prices are 
included. The Partlow Company. (431) 
AUTOMATIC TEMPERATURE CONTROLS. Leaf- 
let describes a line of temperature con- 
trols, steam traps, strainers, cooling con- 
trols, and a fully-automatic unit for con- 
trolling the face temperature of molds, 
rolls, cylinders and drums. Sarco Com- 
pany, Inc (432) 
PLASTICS SQUARING SHEARS. 8-page book- 
let describes and pictures the construc- 
tion features of lines of 14-20 gauge all- 
teel, foot, air and power-driven shears. 
Includes specifications, accessories. Famco 
Machine Co (433) 
GLOSSARY OF PLASTICS TERMS. 4-page glos- 
sary provides capsule definitions of terms 
used in plastics technology. The Richard- 
son Company (434) 
TAKE-OFF AND WINDING EQUIPMENT. Bro- 
chure describes properties and specifica- 
tions of three machines: a layflat tubing 
hauloff and surface winder, a constant 
tension turret winder, and a pull-off unit 
lesigned for pulling extruded shapes such 
is belting, welting, splines, hose, etc. 
Faeco Machine Co., Inc (435) 
PLASTICS GRANULATOR. Illustrated leaflet 
shows a scrap granulator with an auto- 
matic rapid-loading feature that returns 
ranulated output to molding press hop- 
Der while material is still hot and dry. All 
pecifications are included. Thoreson- 
Vict 0 h Ine 


(436) 
AUTOMATIC PAINTING MACHINES. Illus- 
trated bulletin describes a line of auto- 


matic, single-spindle, air-operated, dial 
ontrolled rotary sprayers suitable for the 
spray finishing of cylindrical and _ rec- 
tangular parts. Conforming Matrix Corp. 

(437) 
MARKING AND PRINTING MACHINES. I]lus- 
trated data sheet describes line of ma- 
chines for marking, imprinting and coding 
on flat, curved or irregular surfaces. Gives 
specifications of each, as well as sug- 
gested applications. Markem Machine 
Co (438) 
INJECTION PRESSES. Illustrated brochure 
gives features and specifications of line 


of 4, 8, 12, 20, 60 oz. injection molding 
presses. Specifications chart included. 
The Lester Engineering Co. (439) 


PERMANENT NON-ELECTRIC MAGNETS. Bul- 
letin covers the Eriez permanent non- 


1080 


electric grate magnet for removing iron 
contamination from molding materials. 
Also gives details of magnets adaptable 
to any size slope-shaped hopper. Eriez 
Manufacturing Co. (440) 
ELECTRONIC HEAT SEALER. Illustrated bro- 
chure describes and gives specifications 
for an electronic heat sealer. Includes 
sample of intricate three-dimensional 
multi-color work produced on machine. 
Cosmos Electronic Machine Corp. (441) 
42-TON HYDRAULIC PRESS. Illustrated 
folder describes 42-ton hydraulic press 
with 12 by 12 in. platens, recommended 
for laboratory use. Includes diagram of 
press with specifications. Erie Engine & 
Manufacturing Co. (442) 
ELECTRICAL HEATING EQUIPMENT. Brochure 
describes firm’s line of electrical heating 
equipment. Includes heating elements of 
the following types: cartridge, immersion, 
strip or conduction, band, radiant heat, 
and specially formed shapes. Industrial 
Heater Co. (443) 
FOLDER-CREASER FOR RIGID SHEET. IIlus- 
trated folder describes machine that folds 
and creases cast and extruded thermo- 
plastic sheet from .005 in. to .020 in. 
thicknesses. Suitable for making right 
angle folds for boxes, flat folds for turn- 
ing edges. Taber Instrument Company. 
(444) 
EXTRUDERS. Illustrated 4-page folder gives 
particulars on a line of low-cost extruders 
with cylinder diameters ranging in size 
from 1 in. to 6 in. Killion Tool & Manufac- 
turing Co. (445) 
PUMPS FOR POTTING AND CASTING. Leaflet 
gives information on a line of automatic 
pumps which proportion, mix, meter and 
dispense two-part resin compounds for 
casting, encapsulating, potting, sealing 
ind setting. Hardman Co. (446) 
PULVERIZING MACHINES. 4-page illustrated 
brochure describes series of centrifugal 
pulverizing machines with maximum ca- 
pacities from 16,000 Ib./hr. to 250,000 
lb./hr. Includes specifications and tables. 
Entoleter Div., Safety Industries, Inc. 
(447) 
EXTRUDERS. Illustrated catalog describes 
line of extruders with di: imeters from 1% 
in. through 12 in. Also covers auxiliary 
equipment including film dies, take-u 
unit, pelletizers, cooling and polishing roll 
issemblies. Specifications included. Har- 
tig Engine & Machine Co. (448) 
SURFACE PYROMETERS. Various standard, 
combination, and special models of Cam- 


bridge pyrometers are described. Price 
list included. Cambridge Instrument Co., 
Inc. (449) 


TEMPERATURE CONTROLS. Illustrated folder 
describes electric indicating temperature 
control instruments with ranges of 50 to 
250 degrees and special units to 400 
degrees, particularly suitable for con- 
trolling temperature in plastics molding. 
Sarco Company, Inc. (450) 
PROCESSING EQUIPMENT. Literature de- 
scribes line of injection presses with 1, 
2, 2% oz. capacities. Also describes com- 
pany’s base assemblies and a scrap gran- 
ulator. The Van Dorn Iron Works Co. 
(451) 
CYLINDER LINERS. 16-page brochure is an 
engineering and data guide to “Xaloy” 
bi-metallic extruder Bn Contains 
technical specifications and comparative 
strengths of internally lined tubing. In- 
dustrial Research Laboratories. (452) 
COMPRESSION MOLDING PRESS. Illustrated 
folder describes 25 and 50-ton models of 
automatic air toggle-powered compression 
press that require no operator. Automatic 
Molding Machine Co. (453) 
MELTING EQUIPMENT. 8-page illustrated 
booklet describes melting equipment for 
resins, waxes, adhesives, and similar ma- 
terials, including rectangular tanks, agita- 
tors, heaters, low pressure tanks. Sta- 
Warm Electric Co. (454) 


ROLL LEAF STAMPING EQUIPMENT. 

trated catalog describes and lists s; 
cations of a line of light-weight | 
and air-operated hot presses with a 2 
inch imprinting area. Olsenmark Co; 


PRESSES FOR REINFORCED PLASTICS. 4 
illustrated brochure describes line of 
trically powered, automatic, semi : 
matic or manually controlled presses for 
reinforced plastics with capacities {;o; 
25 to 600 tons. Specifications and d,: 
included, Dake Corp. 456 
SPRAYED METAL TOOLING. IIlustrat 

erature describes sprayed metal 

used in various low-pressure molding 
operations; also describes the procedures 
in fabricating sprayed metal tooling 
Metallizing Engineering Co., Inc. (457) 
DIE STEEL. Illustrated technical literati; 
gives detailed appraisal of physi: 


chemical characteristics of “Cascac 
steel for plastic molds and dies: wives 
suggestions for machining, finishing, and 
hardening; and gives list of stock shapes 
and sizes available. Latrobe Stee! ( 

pany. (458) 


FASTENERS. 16-page bulletin provi 

lustrated descriptions and shows a; 
tions for line of metal fastene: 
threaded and non-threaded plastics 
Includes data on nut retainers, |.! 
harness clamps, clips, catches and 

sion nuts. Tinnerman Products, In 


(459) 
HYDRAULIC VALVES. Illustrated data 
folder describes lines of direct and re- 
verse-acting, 0-3,000 Ib. control 
with V-ported seats for water (| 
cold), oil, steam, air and gas. Ili 
valve capacity charts for steam, 
and gases. Sinclair-Collins Valve ( 

460) 
HYDRAULIC PRESSES. 4-page pamph! 
lustrates and discusses presses des 
for rubber and plastic molding, la: 
ing, embossing and forming. A\ 
in standard and special sizes for n 
operation or equipped with temp: 
control and/or automatic § timing 
Engine & Manufacturing Co. (461) 
SPRAY MASKS. Literature describes 
pany’s technique for electrocasting 
corrosive masks for spray decorat 
plastics and rubber products. Jas. H 
thews & Co. 462) 
SPRAY PAINTING PLASTIC. Loose leat 
log describes company’s automati: 
painting equipment for plastic 
masks for protecting surfaces 
painting; and paint wiping equi 
Finish Engineering Company. 463) 
ELECTRIC HEATING UNITS. 49-pagk 
trated catalog gives information 01 
tric strip, tubular, cartridge and 
heaters for a variety of industrial 
Lists types, sizes and ratings. Edwin | 
Wiegand Co. 464) 
SLITTER. Illustrated folder describes 
tures of a web-fed shear cut and : 
blade slitter for plastic films, foil, 
glass cloth and paper. Gives sp: 
tions. John Dusenbery Company. 465) 
EXTRUDERS. 8-page illustrated book 
scribes and pictures a line of ext: 
with 2 to 10-inch screw diameters 
chines feature high-velocity evapor.! 
cooling systems and tubular resis 
heating. John Royle & Sons. 466) 
TOOL STEELS. 12-page pamphlet dis 
the manufacture of tool steels for 
tic molds, analyzes factors invols 
mold steel selection, and presents 
mation on mold design, polishing 
heat treatment. Crucible Steel Co. (467) 
LOAD-COMPENSATED VARIABLE-SPEED DF! VE 
Illustrated 4-page booklet describ: 
erational features of a line of contr 
tems for holding d.-c. motor spee« 
stant at low speeds regardless o! 
variations. Servospeed Div., Electro ! 
vices, Inc. 468) 
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Name Position 
Company 
Street 
City Zone State 
4 31 61 91 121 151 181 211 241 271 301 331 361 391 421 451 
> 32 62 92 122 152 182 212 242 272 302 332 362 392 422 452 
2 33 63 93 123 153 183 213 243 273 303 333 363 393 423 453 
4 34 64 94 124 154 184 214 244 274 304 334 364 394 424 454 
35 65 95 125 155 185 215 245 275 305 335 365 395 425 455 
6 36 66 96 126 156 186 216 246 276 306 336 366 396 426 456 
7 37 67 97 127 157 187 217 247 °277 307 337 367 397 427 457 
8 38 68 98 128 158 188 218 248 278 308 338 368 398 428 458 
9 39 69 99 129 159 189 219 249 279 309 339 369 399 429 459 
10 40 70 100 130 160 190 220 250 280 310 340 370 400 430 460 
11 41 71 101 131 161 191 221 251 281 311 341 371 401 431 461 
2 42 72 102 132 162 192 222 252 282 312 342 372 402 432 462 
3 43 73 103 133 163 193 223 253 283 313 343 373 403 433 463 
4 44 74 104 134 164 194 224 254 284 314 344 374 404 434 464 
5 6©450«675:«105 135 165 195 225 255 285 315 345 375 405 435 465 
6 46 76 106 136 166 196 226 256 286 316 346 376 406 436 466 
47 77 107 137 167 197 227 257 287 317 347 377 407 437 467 
8 48 78 108 138 168 198 228 258 288 318 348 378 408 438 468 
9 49 79 109 139 169 199 229 259 289 319 349 379 409 439 469 
20 50 80 110 140 170 200 230 260 290 320 350 380 410 440 470 
21 51 81 111 141 171 201 231 261 291 321 351 381 411 441 471 
22 «©4552 82 112 142 172 202 232 262 292 322 352 382 412 442 472 
23 53 83 113 143 173 203 233 263 293 323 353 383 413 443 473 
24 54 84 114 144 174 204 234 264 294 324 354 384 414 444 474 
25 55 85 115 145 175 205 235 265 295 325 355 385 415 445 475 
26 56 86 116 146 176 206 236 266 296 326 356 386 416 446 476 
27 57 87 117 147 177 207 237 267 397 327 357 387 417 447 477 
28 58 88 118 148 178 208 238 268 298 328 358 388 418 448 478 
29 59° 89 119 149 179 209 239 269 299 329 359 389 419 449 479 
30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480 
This card cannot be honored after Aug. 1, 1959 
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DIRECTORY OF TRADE DESIGNATIONS 
OF PLASTIC MATERIALS AND PROCESSES 











This list of trade designations is piled reference purposes from information 
descriptive information, however, apn. palin sithoash, oth 6 tet anna 
by a registration number and date. For complete addresses, refer to alphabetical 


to us by the companies concerned. The 
of the trade designations was accompanied 
list, page 1194. 


ABS Polymers 
yy sere (plasticizers) 
rasion testin 
Abrasive belts, ie epeet 
Abrasive forming 
Abrasive forming machines 
Abrasive materials 
Accelerated weathering testing 
apparatus 
Accumulators 
Air ballasted 
ae 
ight 
Acetal (resins) 
Acids 
Mineral (chemicals) 
Organic (chemicals) 
Acrylate and methacrylate 
Fabricators of 
Molding compounds 
Monomers 
Resins 
Rods and tubes 
Sheets 
Acrylic (see acrylate, methacrylate) 
Acrylic lacquer coatings 
Acrylic resins 
Adhesives 
Emulsions and dispersions 
Acrylonitrile 
Adhesives 


Air falleed accumulators 
Air compressors 
Air conditioning equipment 
Aleohols (chemicals) 
Alcohols (solvents) 
Aldehydes (chemicals) 
Alkalies (chemicals) 
— 
ers eseiioan) 
Mal g compounds 
Resin adhesives 


Resin emulsions and dispersions . 
ins 


Allyl 
Aleohol (chemicals) 


Resin emulsions and dispersions . 
Resins 


Alphe e cellulose (fillers) 


Alpha methyl styrene monomers ... 
Ami , : 


Aniline-formaldehyde resins 
Animal (protein) adhesives 


1084 


Applied decorations on plastics .... 1129 
Arbor presses 1 
Asbestos (fabric, for laminating) .. 
Asbestos (fillers, mineral) 
Autoclaves 
Automatic thermosetting molding 

machine 


Bacteriostat 

Bags, multiwall paper 

Bags, vacuum and pressure 

Bags, rubber (mold makers, rubber) 

Ball bearings 

Ball mills 

Banbury mixers 

Band saw machines 

Bands, abrasives 

Barrels, tumbling 

Batchers (handling devices for sheet 
and film 

Bearings 

Belts, abrasive 

Belts, stainless steel 

Bench grinders 

Bending machines (sheet plastic 
fabricating) 

Benzoyl peroxide (chemicals) 

Beryllium molds 

Beryllium for molds 

Beveling machines 

Biphenyls (plasticizers) 

Bi-axi ented film 


Blanks, molding and laminating .. 

Blending machin 

Blow molding 

Blow molding machines 

blowers, portable electric 

Boards, molding and laminating ... 
ard, cl 


thes 

Boring machines 
Boxes, corrugated and solid fibre .. 
Boxes, tote 
Branding equipment 
Broaching machines 
Buffing machines 
Buffing and polishing compounds .. 
Buffing and polishing wheels 
Butadiene-acrylo: 

synthetic) 


Butadiene-styrene (rubber, synthetic) 1107 


Butadiene monomers 


— ce ag Oe resin 
s and tubes 
on resins, fabricators of 
Sheets 


Cast vinyl film 
es hein wen % 


Cellulose acetate 
Fabricators of 


Flake (cellulose derivatives) . 
Molding compounds 

Rods and tubes 

Sheets 


Cellulose acetate butyrate 
Fabricators of 


Flake (cellulose derivates) 
Molding compounds 


Emulsions and di 
(foa 
Cellulose derivatives ( 








Chopping machines 
Chromium plating of molds 
Circular sawing ma 
Citrates (plasticizers) 
Clamps 
Cleaning compounds (mold) . 
Coated fabrics 
Coated glass (glass, fibrous, 
coaters of) 
Coated paper, res 
Coated yarns (see ahem coated) 
Coating, dip 
Coating equipment, hizh vacuum .. 
Coating machines “nase papdh'e cnete tons 
Coating machines, wire 
Coatings 
Coconut shell flour (fillers) 
Cold molding compounds 
Cold molders 
Color dispersions in resins and 
plasticizers 
Colorants for dry coloring 
Components, molds (standard stock) 
Composite structures (f 
plastics) 
Compounding machines 
Compounding rolls 
Compounding scales 
Compounding thermoplastics (see 
reclaiming of plastic scrap) 
Compounds 
Buffing and polishing 
Cleaning (mold 
Glycerol and glycol plasticizers . 
Halogenated (solvents) 
Molding (exporters and 
importers) 
Molding (manufacturers of) .. 
Pipe joint 
Purging 
Sulfur (solvents) 
Tumbling 
Compression molders 
Compression presses 
Automatic 
Hand operated 
Manual and semi-automatic 
Compressors, air 
Conditioning cabinets (testing 
apparatus) 
Consultants 
Contact resin laminators (see re- 
inforced plastics processors) 
Containers (see boxes and drums) 
Continuous, presses 
Control valves, diaphragm 
Controllers 
Automatic film wind-up 
Flow 
Pressure 
Temperature 
Converters and processors 
Conveyors 
Coolant pumps 
Cooling machines 
Cord (fillers) 
Cores for sandwich construction ... 
Corrugated boxes 
Cotton (fabrics) 
Cotton flock (fillers) ..........++ a 
Cottonseed hulls (fillers) . 
Coumarone-indene 
Resin adhesives 
Resin emulsions and dispersions . 
Resins 
Creasing machines, sheet plastic 
fabricating 
Custom casting 
Custom extruders 


Cutters (cutting tools) 
Cutters, guillotine ............. tee 


Cutt ulti-lay 
Cutting pe gs mee 


Cutting too 


Decorations, applied on plastics .... 
Decorative laminates (laminators) .. 
Deflashing machines 


Marking ( (equipment) 
Dextrins (adhesives) 
Diallyl phthalate 
Diaphragm control valves 
Dicing machines 
Die cutting, plastic sheet stock 
Die sinking mac 
Die makers, extrusion 
Die makers, high freq. heat sealing es 
Dies, cutting 112 
Dies, steel rule clicker & dinker .. 
Dip coating, plastic 
Dispersing agents 
Dispersions 
Dispersions of color in resins and 

sticizers 
Divinyibenzene monomers 
Drawing of thermoplastics 
Drawing ma 
fabricating) 
Drill bench grinders 
Drill presses 
Multiple spindle 
Single spindle 
g ma 


sad variable speed 
Drums, shipping 
Dry air blowers, portable electric .. 
Colors coloring 
0 


Drying equipment 

Drying equipment infrared 

Duplicating machines 

Dust blowers, portable electric 

Dyeing plastics (applied 
decorations) 

— plastic materials and scrap 

see reclaiming of — scrap) 
Dyer (see also pigments) 


Blowers, portable 
Drying and preheating equipment 1120 
Motors 1122 
Press 

Electrical testing apparatus 

Electrodes, H. F. v4 sealing 


Epoxy, ae 
Epoxy molding compounds 


eg high eee 

rying and preheating 

Heating (for molds and molding 
machines) 


High frequency preheating 
High vacuum 


red drying and preheating .. 


Esters (solvents) 
Etching (applied) decorations 
Ethers (solvents) 
Ethyl! cellulose 
Fabricators of 


Fi 

Flake (cellulose derivatives) .... 
Molding compounds 

Rods — 


Sheet 
' Expanded (foamed) plastics 


Expanders (handling devices for 
plastic sheet and film) 

Exporters and importers 

Extenders 

Extruders, custom 

Extruding machine cylinder liners . 

Extruding machines 

Extrusion die makers 

Extruder screws 


Macerated or chopped (fillers) .. 

Woven 
Fabricating machines (sheet plastic) 
Fabricators (all plastics) 
Fabricators (expanded plastics) .. 
Fabrics 

Asbestos (for laminating) 

Coated 

Cotton (for laminating) .. 

Dacron (for laminating) 

For laminating 

Glass cloth ns mat (for 


laminating ) 
Glass fibers Sol fabric (filler) .. 
Nylon (for laminating) 
Orlon (for laminating) 
Rayon (for laminating) 
Woven — 
Fastening ces 
Fibers 
Glass (fibrous) 
Synthetic 


Sheets, rods, tubes 
Fibrous glass, for reinforcement .. 
Fibrous glass preformers 

ilaments, syntheti 


Cutters, multi-layer 
Flexible, metalizing of 





Film & cloth cutting machines 
Film wind-up, eae 
Filters and oil 
Fittings, hydra 
Fittings, peste 
Fixtures, spray painting 
Flake (cellulose derivatives) 
Flame spraying, plastic 
Flexible-ball joints 
Flexible film and sheeting, 
embossing 
Flexible film, metalizing of 
Flexible materials for molds 
Flexible metal hose and tubing .... 
Flexographic printing presses 
Flock, cotton (fillers) 
Flocking (applied decorations) .... 
Flow controllers 
Flow meters 
Flow testing apparatus 
Fluorocarbon 
Fabricators 
Film 
Molding compounds 
Resins 
Resins emulsions and dispersions. 
-Rigid sheets 
Rods and tubes 
Foamed plastics (expanded plastics) 
Foaming machines 
Foil, stamping (roll leaf) 
Folding machines (sheet plastic 
fabricating) 
Formaldehyde (chemicals) 
Forming of thermoplastics 
Forming, vacuum machines 
Frazing machines 
Furan 
Coatings 
Molding compounds 
Resin adhesives 
Resin emulsions and dispersions . 
Resins 
Furans (solvents) 
Furfural (chemicals) 


G 


Gages, plug and thread 
Gages, recording 
Gages, thickness for moving web ... 
Generators, Steam 
Gas drying and preheating equip- 
ment 
Glass bonded mica (resin) 
Glass bonded mica (rods & tubes) . 
Glass bonded mica (sheets) 
Glass, fibrous (for reinforcement) .. 
Glass, resin loaded for molding .... 
Gluing machines (sheet plastic fabri- 
cating). 
Glycerol (chemicals, see alcohols) . 
Glycerol compounds (plasticizers) . . 
Glycol compounds (plasticizers) ... 
Glyeolates (plasticizers) 
Glycols (solvents) 
Gold leaf stamping (applied deco- 
rations) 
Granulating machines ............. 
Grinders 
Bench, tap and drill 
Centerless 
Internal 
Portable hand 


Universal 

Grinding machines 

Grinding plastic materials and scrap 
(reclaiming) 

Guiders (handling devices for plastic 
sheets and film) 

Guillotine cutters 


Hack sawing machines 
Halogenated compounds (solvents) . 
Halogenated derivatives 

Molding compounds 
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Hand patina presses 

Handling devices for plastic sheets 
and film 

Handling equipment 

Hardness testing apparatus 

Heat distortion testing apparatus .. 

Heat sealing equipment 

Heat sealing machines 

Heat <a of film and sheet 

Heat transfer oil 

Heat treating of polyethylene for 
printing 

Heating equipment for molds and 
molding machine 

High frequency 
Electronic tubes 


Preheating equipment 
Sealing machines 

High pressure laminators 

High tensile paper for resin impreg- 
nating 

High vacuum equipment 


Hebbin’ presses 

Holding racks, vacuum plating 

Honeycomb, composite structures 
(expanded plastics) 

Honing machines (see liquid blasting 
machines) 

Hose (flexible metal) 

Hot air drying and preheating equip- 
ment 

Hot stamping equipment (marking) 

Hot stamping press 

Hydraulic 
Cylinders 


Oil 


Hydrocarbon, petroleum (resin) .. 

Hydrocarbons (plasticizers) 

Hydrocarbons (solvents) 

Hydrocarbons, terpene (resin) .... 

Hydropneumatie accumulators 

Hydroxyethyl cellulose flake (cellu- 
lose derivatives) 


Impact testing apparatus 
Importers 
Impregnated glass (glass, fibrous) .. 
Impregnated paper, fabric and mat . 
Impregnating machines 
Impregnating paper 
Impregnators of fibrous glass 
Industrial designers 
Industrial laminates (laminators) . 
Infrared 
Drying and preheating equipment 1120 
Lamps 1126 
Injection 
Hand operated presses 
Molders, custom 
Molding machines 
Inks 
Inlaying, metal (applied decora- 
tions) 
Inorganic pigments 
Inserts 
Insulating varnishes 
Intensive internal mixers 
Internal grinders 
Ion exchange resins 
Isocyanates 
Adhesives 
Chemicals 
Emulsions & dispersions 
Expanded (foamed) plastics .... 
Resins 
Synthetic rubber 


J 
Jig borers (machines, drilling) .... 


Jig sawin chines 
Diees ...0% 


Ketones (solvents) 

Kettles, resin 

Kneading and mixing machines ... 
Knives 


Labels, pressure sensitive 
Labeling machines 
Laboratories, testing 
Lacquer making resins 
Laminates 

Fabricators of 


— _ = pags 

esins, plyw 
Varnishes 

Laminators (see also reinforced 
plastics processors) 

Lamps, infrared 

Latex, resin 

Lathes (machines) . 

Laurates (plasticizers) 

Leaf, roll (stamping foil) 

Levulinates eam 

Lignin resins . 

Lignite resins .......... 

Liners, extruding machine cylinder . 

Low pressure laminating resins .... 

Lubricating systems, centralized .... 

Lubricants for molds (mold release 
agents) 

Luminescent pigments 

Luminescent plastics 


Macerated fabric (fillers) 
Machin 
Machine tools 
Machinery 
Machinery, exporters and importers 1135 
Machines (see also presses) 
Abrasive forming 
Automatic mask washing 
Automatic spray painting 
Automatic thermosetting molding 1110 
Beveling 1110 
Blending 
Blow molding 
Borin 


Compounding 

Cooling 

Cut-off 

Cutting & slitting, fibrous glass .._ 111! 
Decorating and labéli ] 
Deflashing 

Densifying 

Dicing, chopping and cutting .... 
Die sinkin 

Drilling 

Duplicating 


ing 
Film & cloth cutting 
Foaming 
Frazing 





Impregnating 

Injection molding 
Kneading and mixing 
Labeling and decorating 
Lathes 

Metal spraying 


Mixing and kneading . 

Moisture and volatile extraction ‘ 
Paint wiping 

Planing 


Pulverizing 
Rebuilt 
Roll embossing 
Roller coating 
Rotary finishing 
Rotational molding machines .... 
Routing 
Sanding (wet and dry) 
Sawing 
Screening, separating and sifting. 
Shaping 
Sheet forming 
Sheet plastic fabricating 
Slitting 
Slush molding 
Spooling, for extrusions 
Spray mask painting 
Spray mask washing (automatic) 
Spray painting (automatic) 
Tapping 
Tube rolling 
Tumbling 
Turning (lathes) 
Used and rebuilt 
Wire coating 
Wire wrapping 
Manual compression presses ....... 
Manufacturers 
Casting materials 
Glass, fibrous (for reinforcements ) 
Molding compounds 
Vinyl film, sheeting, coated fabric 
Marking equipment 
Marking (applied decorations) .... 
Mask washing machines, automatic. . 
Masking paper and tape 
Masks, spray 
Material handling equipment 
Materials and chemicals 
Materials, abrasive 
Materials for flexible molds 
Materials for hobs and molds 
Melamine 
Coatings 
Resins adhesives 
Resins emulsions and dispersions. 
Melamine-formaldehyde 
Molding compounds 
Resins 
Metal detectors, electronic 
Metal drums 
Metal hose and tubing, flexible .... 
Metal inlaying 
Metal specialty hinges 
Metalizing of plastics 
Finished products 
Flexible film 
Rigid sheet 


Metallic pigments 

Metering systems 
eters, flow 

Methacrylate 
Fabricators of 
Molding compounds 
Monomers 


Rods and tubes 
Sheets 


Mica (fillers, mineral) 
Mica, glass bonded (resin) 


Mica, glass bonded (rods & tubes) .: 1106 


Milling plestle materials and scrap, 
custom (see reclaiming) 
Mills, ball or pebble .............. 


Mixers, dry po & blending .. 
Mixers, intensive internal 
Mixing and kneading machines .... 
Model makers 
Moisture extraction machines 
Mold cavities, hobbed steel 
ing) 
Mold components (standard stock) . 
Mold heating equipment 
Mold lubricants (mold 
agents) 
Mold makers, aluminum 
Mold makers, beryllium 
Mold makers, electroforming 
Mold makers, extrusion (see die 
makers, extrusion) 
Mold makers, ferrous metals 
Mold makers, metal spraying 
Mold makers, plastics 
Mold makers, reinforced plastics .. 
Mold makers, rubber 
Mold makers, steel 
Mold polishing 
Mold release agents 
Mold temperature controllers ...... 
Molded laminate 
Molders 
Cold 


release 


Low pressure (see reinforced) ... 
Reinforced plastics 
Molding boards and blanks 
Molding compounds 
Exporters and importers of 
Manufacturers of 
Molding machine heating equipment 
Molding machines (see also presses) 
Automatic thermosetting 
Heating equipment for 
Injection 
Molding presses 
Compression 
Transfer 
Molding, resin loaded glass 
Molding, resin pulp and fiber 
Molding, slush 
Molds and dies 
services ) 
Molds (mold makers) 
Molds, flexible materials for 
Molds, heating equipment for 
Molds, plating of 
Molds, rubber 
Monofilaments (see fibers and fila- 
ments, synthetic ) 
Monomers 
Motors 
Multidirectionally stretched film .. 
Multiple spindle drill presses 


(see specialized 


N 


Natural resins (see adhesives and 

molding compounds) 
Natural rubber base coatings 
Needle bearings 
Nickel plating of molds 
Nitriles (solvents) 
Nitrohydrocarbon (solvents) 
Nozzles (for injection machines) .. 
Nylon 

Adhesives 

Fabricators of 

Fabrics (for laminating) 

Film 

Molding compounds 

Resins 

Rods and tubes 

Sheets 


1122 
ll 


1121 


0 


Odorants and deodorants 
Oil base coatings 
Oil, heat seeuelibr and hydraulic ... 
Oil purifiers 
Oil soluble resins 
Oleates (plasticizers) 
oan acids (chemicals) 
pv were and plastisols , 
m (fabrics, for laminating) .... 

Sas (see drying and preheating 

equipment) 
Ovens, testing apparatus 


P 


Packaging, partition 
Packing, Gyre ulic 
Paint wiping machines 
Paints, wipe-in 

Panel sawing machines 


‘a 
For resin impregnating ........ ee 1163 
Masking 1127 
Paper, release 1127 
Printed, for laminating 1103 
Resin coated 1103 
Resin impregnated 1103 
Parstormalichode (chemicals) 1092 
Particle board 
Partitions, packaging 
Pearl essence 
Pebble mills 
Pegs, tumbling 
Perforating of plastic sheeting Bares 
Peroxides (chemicals) 
Personnel and equipment 
Cold molders 
Custom casting 
Custom molders and extruders ... 
Fabricators 
Fabricators, laminates and vulcan- 
ized fibre 
Laminators 
Plastic sheet processors . 
Reinforced plastics processors ... 
Resin pulp and fibre processors . 
Vinyl film, sheeting and coated 
fabric manufacturers 
Phenol (chemicals) 
Phenolic 
Cast resins 
Cast rods and tubes ............. 
Cast sheets 
Coatings 
Expanded foamed plastics 
Molding compounds 
Resin adhesives 
Resin emulsions and dispersions. . 
Resins 
Phosphates (plasticizers) 
Photoelastic plastics 
Phthalates (plasticizers) 
Pigments, inorganic 
Pigments, luminescent 
Pigments, metallic ................ 
Pigments, organic 
Pipe joint compounds ..........,.. 
Pipe joints 
Pitches and tar bases 
Plain milling machines 
Planing machines 
Plastic 
Boards and blanks 
Dip coating 
Fabrics (for laminating) 
Fabric, woven 
Film 1099, 
Film and sheets, embossing of ... 
Film and sheets, heat sealing of. . 
Film and sheets, metalizing of .. 
Film, slitting, cutting, sheeting of 
Flame spraying 
Materials, reclaimers 
Rubberlike (elastomers) 
Sheet and film, handling devices. . 
Sheet fabricating machines 
Sheet formers (forming & drawing 
of thermoplastics) 


1167 
1144 


1096 
1 


1178 
1134 
1137 
1138 
1143 
11: 





Sheet stock die cutting 
Sheeting, perforating of 
Welding equipment 
Plasticizers 
Plastics 
Applied decorations on 
Expanded 


Inks for printing 
Labels for 


Reinforced, processors of 
Plastisols 
Pla press (electric and 7 ‘ 
Plates for compression molding . 
Plates, plating of 
Plates, press £ 
Plating of molds, rams and plates .. 
Plug gages 
Plywoo 
Bonding and laminating resins .. 
Laminators 
Molders 
Pneumatic cylinders 
Polishing 


Plates, press 
Wheels 
Polyamide (nylon) (see also nylon) 
Coatings 
Resin Adhesives 
Resin emulsions and dispersions. . 
Molding compounds 
Resins 
Polyester 
Cast rods and tubes 
Cast sheets 
Plasticizers 
Resin adhesives 
Resin emulsions and dispersions. . 
Resins 
ae expanded (foamed) plas- 


— 
Chlorosulfonated 
ee 
ded (foamed) plastics .... 
Fa cators of 


Molding compounds 

Resins, also (low molecular) ... 

Rods and tubes 

Sheets 
Polyethylene treaters for printing. . 
Polyisobutylene (rubber, synthetic ) 
ape ylene (molding com. 


) 
absense (see also styrene) 
Fabricators of 
Film 


Polysulfide (rubber, synthetic) .... 

Polytetrofluoroethylene (see tetra- 
fluoroethylene) 

Pol expanded (foamed) 
Pp 

plipvingt acetate film 

— alcohol 


(rubber — syn- 


1107 
1104 
1090 
1096 
1104 


1097 


1107 
1097 
1135 
1099 
1101 
1104 
1106 
1107 
1114 
1107 


1101 


1135 
1099 
1106 
1107 
1107 


Polyvinyl formal 
Rods and tubes 
Sheets 


Aa hg fibrous glass 
Preforming presses 
Preforming resin pulp and fibre . 
Preheating equipment 
Electric, gas, hot air, steam 
High frequency 
Infrared 
Premix-glass polyester molding com- 
pounds 
Press platens 
Press polishing plates 
Presses (see also machines) 
Arbor 
Cakirig 
Compression, automatic 
Compression, manual and semi- 
automatic 
Continuous 
Degating 
Drill, multiple spindle (machines, 
rilling) 
a single spindle (machines, 
ri 


Flexographic printing presses .. 
Hand operated, compression 
Hand operated, injection 
Hobbing 
Hot stamping and roll leaf 
Injection (machine, injection) . 
Laminating 
Plastic printing 
Preforming 
Roll leaf and hot stamping 
Transfer molding 

Pressure cast beryllium molds 

Pressure controllers 

Pressure sensitive labels 

Printing 
Equi mae bor aes equipment) 
Finished plastic ets 
Fleible lm an ‘hectinn 


Presses, plastic 
Rigid plastic sheets 
Ro 
Processors and converters 
Profiling machines 
Proportioning (and metering) sys- 
tems 


Protein base adhesives 

Protein base emulsions, dispersions 
Pulverizing (custom) 

Pulverizing machines 


Purging compounds 
—_ hg 


adhesives 

Resins emulsions and dispersions 
Resorcinol-aldehyde resins 
Revolving joints 
Rewinding Pp 
Ricinoleates (plasticizers) 
Rigid sheets 
Rigid sheets, embossing of 
Rods 

Custom extruders 

Fibre, vulcanized 

Manufacturers of, with some stock 
Roll embossing 
Roll leaf (stamping foil) 
Roll leaf stamping aw 

( pment) 
Roll leaf stamping presses 
Roll mills 
Roller bearings 
Roller coating machines 
Rollers for roller coating 
Rolls 

Calendering and compounding .. 


otary g machines 
Rotary head milling machines 
Rotational molding machines 
Routers (cutting tools) 





Sheet stock, embossing 

Sheeters (handling ches for — 

Sheeting (film) 

Sheeting of plastic film 

Sheets 
Adhesives (miscellaneous) 

Fibre vulcanized .. 
Molding compounds 
Rigid 

Shellac, molding compounds 

Shipping containers (see boxes 
and drums) 

Sifting, screening and separating 
machines 

Siliea (fillers, mineral) 

Silicate adhesives 

Silicone 
Adhesives 
Coatings 
Expanded (foamed) plastics 
Fabricators of 
Molding compounds 
Resins 
Rods and tubes 
Rubber, synthetic . 

Sheets 

Silk screening (applied decorations) 

Silk sereen makers 

Sisal 
Fillers 

Slitting machines 

Slitting of plastic film 

Slush molding 

Slush molding machines 

Sodium earboxymethyl cellulose film 

Sodium carboxymethyl] cellulose 
flake 

Sodium carboxymethyl cellulose 
resin 

Solid fibre boxes 

Solvents 

Soybean (protein) adhesives 

Specialized services 

Specialties, abrasive 

Specialty metal hinges 

Spooling machines (for extrusions) 

Spray mask painting machines 

Spray masks 

Spray painting fixtures 

Spray painting machines, automatic 

Spraying (applied decorations) .... 

Spraying, flame 

Squaring shears 

Stabilizers 

Stainless steel belts 

Stamping foil (roll leaf) 

Stamping (marking) equipment ... . 

Stamping 

Starch (adhesives) 

Statice eliminators 

Steam drying, preheating equipment 

Steam press platens 

“team traps 

Mearates 
Chemicals 
Plasticizers 

Steel mold cavities, hobbed 
(hobbing) 

“teel rule dies clicker and dinker . . 

Straighteners (handling devices) ... 

Strength — — 

Styrene (also see lystyrene 
Expanded (foamed) plastics 
Molding compounde 
Monomers 
Resin adhesives 
Resin emulsions and dispersions . 
Resine 

“tyrene copolymers 
Fabricators of 
Films 
Molding compounds 
Resins 
Rods and tubes .............-- ; 
Sheets 

tyrene derivatives, resins 

Succinates (plasticizers) 

Sulfonamide (plasticizers) 


1134 
1121 


099, 1178 
"1143 


Systems, ndreaiic power 
Systems, lubricating (centralized) .. 
Systems, proportioning 


Tap bench grinders 
Tape, masking 
Taper bearings 
Tapping machines ................- 
Taps 
Temperature controllers mold 
Tension fastening 
Testing apparatus 
Abrasion 
Accelerated weathering 
Conditioning cabinets 


Flow 


Strength 
Visual color matching 


Testing laboratories 
Testing of plastics, radiation 
Thermal sealing machines 
Thermoplastic casting plastics 
Thermoplastic laminators 
Thermoplastics 
Sheet forming and drawing of . 
Thermosetting automatic molding 
machines 
Thermosetting casting plastics 
Thickness gages 
Thread cutting screws 
Thread forming screws 
Thread gages 
Threads (see fibers, synthetic) 
Thrust bearings 
Toluenesulfonates (plasticizers) .... 
Tool grinders 
Tools and dies (see die makers and 
mold makers) 
Tools 
Carbide tipped 


Transfer molders 

Transfer molding presses 
Traps, steam 

ee equipment, radiation 


Fibre, vulcanized 

H, F. electronic 

Manafacturers of, with some stock 1106 
Tubing, flexible metal 
Tumbling barrels 
Tumbling com 
Tumbling mac 
Tumbling pegs 
Tungsten wire and coils 
Turning lathes 


ines 


Universal grinders 
Universal milling machines 


ings 
Expanded foamed plastics 


Resin adhesives 
Urea-formaldehyde 


Vacuum equipment, high 
Vacuum forming ... 

Vacuum forming machines 
Vacuum plating ‘holding racks 
Vacuum 


Valves, dia 


Varnishes, insulating, 
(see also coatings) 
Vertical milling machines 
Vibrators 
Vinyl acetal 
Vinyl acetate 
Molding compounds 
Monomers 
Resins 
Vinyl alcohol 
Molding compounds 
Resins 
Vinyl but 
Vinyl car 
Monomers 
Resins 
Vinyl chloride 
Molding compounds 
Monomers 
Resins 
Vinyl chloride acetate 
Molding compounds 
Resins 
Vinyl chloride-vinylidene chloride 
Molding compounds 
Resins 
Vinyl coated fabric 
Vinyl coatings 
Vinyl ethers (monomers) 
Vinyl, fabricators of 
Vinyl film, sheeting, coated fabric 
manufacturers 
Vinyl formal 
Molding compounds 
Resins 
Viny (plastisol) molding machines 
Vinyl resin adhesives 
Vinyl resin emulsions 
persions 
Vinyl resin expanded foamed plastics 
Vinyl! sheeting 
Vinylidene chloride 
Molding compounds 
Monomers 
Resins 
Visual color matching testing ap- 
paratus 
Volatile extraction machines 
Vulcanized fibre 
Vulcanizing agents 





and dis- 


Walnut shell flour (fillers) 
Water emulsions (latex, resin) .... 
Water soluble resins 
Weavers of glass (glass, fibrous) .. 
Weigh-feeders 
Weighing scales 
wa it accumulators 

elding equipment 
Wet sanding machines 
Wetting some 
Wheels, buffing and polishing 
Wheels, aaa 
Winding equipment (rewinding) .. 
Wipe-in paints (stick form) 
Wire-coating machines 
Wire wrapping machines 
Woodflour fillers 
Woven fabrics (plastic) 


xX 
Xylenol (chemicals) 











MATERIALS AND CHEMICALS 





ADHESIVES 


Casein 

. Cellulose Base 

. Protein Base (Anim 
Casein, Soybean, Etc. 
. Rubber Base 

. Silicate 

Starch and Dextrins Syn- 
thetic Resins 
Acrylic Resins 
Allyl Resins 
Coumarone-Indene 
Epoxy 

Furan 

Isocyanote Resins 

. Melamine Resins 

. Nylon (Polyamide) 
. Phenolic Resins 
Polyesters (Alkyds) 
. Resorcinol Resins 

. Silicone Resins 
Styrene Resins 
Urea Resins 

. Vinyl Resins 


CAY ROTOZED Aer nO NED OFP 


Acco Polymers, New York, N. Y. (G) 
Acme Resin, Forest Park, IIl. (H, O) 
Adhesive Products Corp., New York, N.Y. 
(A, B, C, D, G, H, 1 1, J, K, L, M,N, O, 
, U) 

Adhesive Products, Inc., The, albcar 
Calif. (A, B, C, D, E, F, P. U) 
* Allied Chemical Corp., Plastics & Coal 

Chemicals Div., New York, N. Y. 

O, P, T) 
"Carlstadt, 
s) 


(P, 
New York, N.Y. 
( » T) 
American Hard Rubber Co., 


@ 
American Alkyd Industries, 
trAmnerloen Cyanamid Co., 


H, 
Div of 
Amerace Corp., Butler, N. J. (D) 
American Products Mfg. _ New Or- 
leans, La. E, G, U) 
Angier Adhesives, Div. of Leedbemtions 
Corp., Cambridge, oe 
D, J, L, O, S, U) 
Applied Plastics Co., Inc., El Se oo: 
Calif. (ij, L 
Arabol Mfg. Co., New York, N, Y. ) 
Archer-Daniels-Midland Co., Minneapo- 
lis, Minn. (C, F, O, P) 
—_ Laboratories, Inc., Long Island City, 
2 ) 
Armstrong Products, Warsaw, Ind. J) 
_ Mineral Products Co., Mertztown, 


) 
tale Plastic Engineering, Chicago, Ill. 
(G) 


Axel Plastics Research Laboratories, 
Brooklyn, N. Y. > L, P, U) 
B. B. Chemical Co., Cambridge, Mass. 
(D, F, G, L, J, L, N, O, P, Q) 
BX Plastics, Ltd., London, England (B, U) 
*Badische Anilin- & Soda-Fabrik AG., 
Ludwigshafen a. Rhein, W. Germany 
(G, J, N, O, P, S, T, U) 
Becco Chemical Div., Food Machinery 
and Chemical Corp., Buffalo, N. Y. (J) 
ey Corticelli Industries, New York, 


§ (N 
Biggs, Carl H, Co., Inc., Los Angeles, 
Calif. (J, K, i Y 

Bios Laboratories, Inc., New York, 
cc. ) 


(A, 
Bloomingdale pee Co., Aberdeen, Md. 


G, I, J, L, O, U) 
Bond Adhesives Co., Jersey City, N. J. 


| (A, B, C, D, J, U) 
* Indicates Advertiser 
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Booty Resineer, Div. of American Mari- 
etta Co., Newark, Ohio 


(C, J, Pe % oT) T) 
Borden Chemical Co ang 


Borden Co., New York, N A 
LO: Q T, 0 


(A, B, C, D, F, G, 
Borden Chemical’ Co., 
Adhesives Dept., Middlesex, 1 N. s, v) 
Brilhart  <—m Corp., Liao Long 
Island, N. 
— aie Products, Ltd., London, 
nglan (M, , P, Q, T) 
Cadi c "Plastic & Chemintl Co., Detroit, 


(G, U) 
Carboline Co., St. Louis, Mo. (D, J, U) 
Carwin Co., The, N Haven, Conn. (L) 
*Catalin Corporation of Ameri 
York, N. Y. (O, Q, T) 
Century iin Detroit, Mich. 
> > > > 
Chemical Coatings & Engineering Co., 
Inc., Media, Pa. (D, J, K, L, N) 
*xChemical Development meio O'8'U} 
Mass. B, G, J, 
Chemical and re... 
Upper Darby, Pa. G, i U) 
Chemical Industries, Unit of E. F. Van 
re Co., Pasadena, Calif. 
(B, D, G LJ, L, M, 0, P, RB, S, 7, U) 
*Chemical Products C ‘orp., E. Providence 
I, (G, J, L, S, U3 
iin Fiber Glass Co., El Monte, 
Calif. (J) 
*Clinton Co., The, Chicago, IIl. (jp) 
Compo Chemical Co., Inc., Waltham, 


Mass. 
, M, O, P, Q, S, T, U) 


(B, D, G, I, L 
a » Molding 1 Products, Inc., New oon} 
New York, N. Y. 


mt... | Sales Co., “ay 
Custom Coatings Co., Los Angeles, Calif 
Daubert Chemical Co., Chicago, Ill. (D) 
Delta Chemical Works, Inc., New York, 


. &. 
(B, D, E, G, H, L J, K, L, 4 oO, A Q, 
Dennis Chemical Co., St. Louis, Mo. 
D, F, J, O, S, U) 
*Devcon Corp., nena po 
ee A 


*Diamond Alkali a , Cleveland, Ohio (E) 
Dow Corning Corp., Midland , Mich. 
D, R) 

*du Pont de Nemours, E. I., & Co., Inc., 
Wilmington, Del. (B) 
Duramic Products, New York, N. Y. (J) 
*Eastman Chemical Products, Inc., Kings- 
port, Tenn. (B) 
Emerson & Cuming, ing Se Mass. 
E, J, L, P, RB, 8) 

Epoxylite Corp., The, EI Monte, Calif. (J) 
Farrington Texol Corp., Welgels, © Mass. 


G, U) 
ow Chemicals Corp., 


York, 

» 2 (D, s) 

kFuwstone Plastics Co., Pottstown, Pa. (U) 

Fisher Scientific Co., Pittsburgh, Pa. (E) 
Flexcraft WEE "Newark, 

(A, B, D, G wT NN OLE. S, U) 
Flexible Products Co., Marietta, Ga. (U) 
Formica Corp., Cincinnati, Ohio (T) 
Fuller, H. B., Co., St. Paul, Minn. 

C, D, E, F, G, I, J, U) 
*Furane Plastics, Inc., Los "Angeles, Calif. 


L) 
G. S. Plastics Co., The, Cleveland, Ghio 


New 


Garan Chemical Corp., Gardena, Calif 
(G, H, J, ae R, S, U) 
General Dispersions, Paterson, (N) 
General Plastics Mfg Teco, Wash, () 
*General Tire & Rubber Co., Chemical 
Div., a. Ohio 
h, B. F., Chemical Co., 
land, Ohio 
*Goodrich, B. F., Industrial cron Co, 
Akron, Ohio (D, G. J 0 
Goodyear Tire & Rubber 
Chemical Div., Akron, ~ 
Gordon-Lacey Chemical Products Co. 
Inc., Maspeth, Long Island, t. e- 


D, J, U) 

Greenfield, David S., 7 York (U) 
Hardman, H. V., » Inc., Belleville, 
N. J. (J, 0, Q) 
Haveg Industries, Inc., Wilmington, Del 
(J, K, O, P) 

oe Remeiccan Tne, 


o D, E. 

-R. Ss. 5 2 Ul 
Hewitt, C. B., & Pie Inc., New 
York, N. Y. A, T, U) 
*Hommel, O., Co., The, Pittsburgh, Pa. 
(E, F) 
*Hooker Electrochemical Co., tow Plas- 
tics Div., N. Tonawanda, N Y. (K, 0) 

Hughes Glue Co., Detroit, Mich. 
(A, | Wis D, E, F, J, S, UV) 
rial Chemical Industries Ltd., Lon- 
on, England (G, L, N, O, P, T, U) 
Industrial Adhesives, Boca Raton, Fila. 
(B, D, E, G, R, S$, U) 
Industrial Solvents & Chemical s, Inc, 
Wilkinsonville, Mass. (G) 
Ions Exchange & Chemical Corp., New 
York, N. Y. (N) 
Isochem Resins Corp., Providence, R. ¥ 


*Im 


Jamestown Finishes, Inc., Jamestown, 
N. Y. 
*Johns-Manville, New York, N. 
Kindt-Collins —_ Cleveland, Ohio 
*Koppers Co. micals & Dyestuffs 
Div., veekal, Pa. (Q) 
kKoppers Co., Inc., Plastics Div., Pitts- 
burgh, Pa. (S) 
Krieger Color & Chemical Co., Inc., Los 
Angeles, Calif. (G, $) 
Lawrence Adhesives & Chemical Oo 
Inc., Lawrence, Mass. 
Lebec Chemical Corp., Paramount, C: rit 
A, D, G, O, T, U) 
Loven Chemical of California, Newhall, 
Calif. (K, L, M, O, Q, T) 
Magnolia Chemical Co., Roswell, Ga. 


, J, L, 0, U) 
Manhattan Adhesives Corp., Brooklyn, 
N. Y. (A, C, D, E, F, G, O, Q, S, T, U) 


—_» Corp., The, Long "Island Ms iy 


Pe ob Chemical Div., 
Corp., Gary, Ind. 

*Microcell, Ltd., London, England 

‘G, H, J, M, O, Q, T, U) 

Midland Adhesive & ‘Chemical Corp. 

Ferndale, Mich. (A, B, C, D, E, F, 6, 


9. S, T, U) 

Minneapolis Honeywell Re 
Minneapolis, Minn. 

Miracle Adhesives by ‘J Bellmore, Long, 
Island, N. Y. G, L, J, P, U) 

Mitchell Rand Mfg., New York (I, J) 

Molded Products, Los Angeles, Calif. (U) 

Mol-Rez Div., American Petrochemical 
Corp., Minneapolis, Minn. (P) 


Borg-Warner 
(D) 





Sentend Senlitier Gn, E. Rutherfo: Bentey, Lave 8. Co » Chi 1. 


J. Houghta E.F., & & Co., Phila Pa. 
Stienicy Chiniedl Cus chow * Conn. *Im 1 Indastries, Lid., 
won, fn, England 
Domestic 


(D, J, 
Steelcote Mfg. Co., St. Louis, Mo. (J, Mi Silicone Distribu- 
Stein Hall Co., Inc., New York, N. Y. — Reseda, Calif 

* ohns-Manville, New York, N. Y. 


D, F, U) 
Stoner-Mudge Co., Div. xr Chemical Co., Inc., Philadelphia, 


Marietta Co., Pittsburgh oe. (G, O, x Pa. 
Success Plastics Corp Indianapolis Krieger Color & Chemical Co., Inc., Los 
os Angeles, Calif. 


a 
*Swedlow Plastics Co., Los Angeles, Calif. a * 7.9 | em, Inc., New 
Synthetic Plastics Co., Newark, N. ix Ch 


Merix Chemical Co., Chicago, Ill. 
A oe fie Chemical Co., 
Synthetic Products Co., Cleveland, Ohio boro, N. C 
*Nopco Chemical Co., Harrison, N. J. 
Mfg. Corp., Philadelphia, Pa. 
Paint Products Laboratories, Chicago, Ill. 
Park Chemical Co., Detroit, Mich. 
Pioneer Scientific “Corp.. Great Neck, 
Long Island, N. 
Plastic Center, Retiiion. N. Y. 
Na ang United, Inc., Union, N. J. 
Procter and Gamble, Cincinnati, Ohio 
*Schwartz Chemical Co., New York, -) Y. 
Specialty Products Co., Jersey City, N &: 
Spix Products Co. Pitts urgh, Pa. 


N. A, 
*Naugatuck Chemical Div., 
Rubber Co., Naugatuck, ra 
*xNopco Chemical Co., Harrison, N 
Nureco, Inc., Cranston, R. I. 
Ohio Adhesives Corp., New Philade 1) 
Ohio (B, D. Synvar Corp., Wilmington, Del. (D, O 
Pasley’s Plastic Products Inc., Atlanta, 0,T 
Ga. (U) Thalco, Los ue Angnins, Calif. 
Perkins Glue Co., Lansdale, Pa. Thiokol Chemical Corp., Trenton, N. Pf 
(A, C, F, O, Q, T) 


(D, P) 

Penis we a Inc., or, eae: Tube Turns Plastics, Inc., Louisville, z 
a 5 

Phila elphia uk es Tylene Plastics, Inc., Michigan City, Ind. 

U B S Chemical Corp., Cambridge, Men 


Pa. 
Pierce & Stevens Chemical Corp., 
falo, N. Y. (B, D, G, L, J, L, U) 
*Union Carbide International Co., Div. of 
Union Carbide Corp., New York, N. Y. 


Plasticrafts, Inc., Denver, Colo. 
O, Q, R, U) Sullivan Chemicals Div., Sullivan Varnish 


*Plastics Engineering Co., Sheboygen, , 
Wis 
Plymouth Fibres, Brooklyn, N. Y. (N) Union Paste Co., Hyde Park, Aes (A, C Co., Chicago, Ill. 
O, P, S, U) Superior Materials, Inc., New York, N. Y. 


Polymer Corp. of Pennsylvania, The, 
N) *United States Gypsum Co. ‘Ge. Ill. Swift & Co., Pannnt Ind. 


Reading, Pa. 
Poly Resins, Sun Valley, Calif. (Oo Techniservice, New York, N. Y. 
Polymer Chemical Co., Cincinnati, Ohio aie oe States Rubber Co., New York, Wilco Co., Los Angeles, Calif. 


(A, B, C, D, 6, 1, O, Q, S, T, U) N. (D, P, U) Wye Industries, Boston, Mass. 
Polymer Industries, Inc., Springdale, United. States Stoneware ae The, Ak- 
ANTITACK AGENTS 


Conn. (A, B, C, D, E, F, G, J, L, N, U) ron, Ohio J, K, P, R, U) 
Polypenco Inc., Reading, Po. (N) *Valite Div., Valentine, tne! eee, Orleans 
L 0} Adhesive Products Corp., New Fon S N. Y. 


Greens- 


ae Toch Chemical, Inc., Chicago, 


*Polyplastex United, Inc., Union, N. J. 
S,U 


, U) 
Polyrez Co., Inc., Woodbury, N. J. (O, Q) 
Pyroxylin Products, Inc., Chicago, Iil. 
? D, G, I, S, U) 
Raffi and Swanson, Inc., vie, 
Mass. B, 
Ram Chemicals, Inc., Gardena, Cai 
P, U 
*Raybestos-Manhattan, Inc., Manheim, 
<: (D, F, J, O) 
*Reichhold Chemicals Inc., White Plains, 
N. Y. (A, C, J, M, O, P, Q, T, U) 
Reiss Associates, Lowell, Mass. (D) 
Reliance Plastic & Chemical o.” Je. 
erson, N. J. (B, G, S, U) 
Ren Plastics, Inc., Lansing, Mich.” (J) 
Research Sales, "Inc. Mahwah, N. J. 
(B, D, G, I, J, L, M,O, P, Q, S, T, U) 
*Reynolds Chemical Products Co., Ann 
Arbor, Mich. GJ, 4 U) 
*Robertson, H. H., Co., Pittsburgh, Pa. 


*Rohm & Haas Co., Philadelphia, Pa. 


G, O, P P, 0, 1) 
Rubba, Inc., New York, N. Y. (A, B 
D, G, H TTR LMN OES. U3 
*Rubber Ang "Asbestos Corp., B — 
N. J. (B, D, G, H, I, J, K, L, N, O, P 
*Rubber Corporation of America, Hicks. 
ville, Long Island, N. Y. (D) 
Schenectady Varnish Co., Inc., sehanee. 
tady, N. Y. (F, O, P) 
Schram Fiberglass Products, Inc., Chi- 
cago, Ill. 6, P) 
ina Chemical Co., hong het “i 


Servwell Products Co., Cleveeind” Shi 


*Shell Chemical Corp., New York, N. Y. 
Skeist & Schwartz. Laboratories, Inc D 
Newark, N. J. Gg} 
Slomons Laboratories Inc., Long Islan 
City, N. Y. (A, B,C, D.F, §, U) 
Smooth-On Mfg. Co., Jersey City, N. 2 (J) 
Specialty Products Co. » Jersey City, N. Nb 


* Indicates Advertiser 


a. 
Vereinigte Chemische Fabriken Kreidl 
Rutter & Co., Vienna, Austria (M, 3 


Wal-Mar Plastics, Inc., Torrance ar 
Watson-Standard Co., Pittsburgh, Pa. (U) 


Xylos Rubber Co., Div. of The Firestone 
Tire & Rubber, Akron, Ohio (D, F, y 


ANTISTATIC AGENTS 
Alframine Corp., Paterson, N. J. 


*Antana Chemicals, Div. of General pot 


line & Film Corp. .. New York, N 


n° Cyanamid Co., a "York, 


R- 
Archer-Daniels-Midland Co., 


Minneapo- 
lis,, Minn. 


* Argus Chemical Corp., Brooklyn, N. Y. 


Armour and Co., Chicago, IIl. 

BX Plastics, Ltd., London, England 

Babbitt, B. T. Co., New York, N N. Y. 

*Badische Aniline-- & Soda-Fabrik AG., 
Ludwigshafen a. Rhein, W. Germany 

a Ce., Logo Div., Chicago, 


Bios Laboratories, Inc., New York, N. Y. 


*Cadillac Plastic & Chemical Co., Detroit, 


Mich. 

Carbide and Carbon Chemicals Corp., 
New York, N. Y. 
mical Development Corp., Danvers, 
Mass. 

Chemical and Engineering Associates, 
Upper Darby, Pa. 


*Devcon Corp., Danvers, Mass. 


Doyle, J. E., Co., The, Cleveland, Ohio 


*du Pont de Nemours, E. I., & Co., Inc., 


ene 5 
Edison, S. 


Del. 
7 , Chemical Co., Chicago, 


*Fine Organics, Inc. N,ew York, N. Y. 
Che 


oar, Industrial mical Co., Ardsley, 
Clyee Products Co., Inc., New York, 
Hall, C. P., Co., The, Akron, Ohio 


*Argus Chemical Corp., 


*No Chemical Co., 


*Badische Anilin- & 


Brooklyn, N. Y. 
Bios Laboratories, Inc., New York, N. Y. 
English Mica Co., The, Stamford, Conn. 
so nga Chemical Co., Ardsley, 


7. Products Co., Inc., New York, 


Amperal C om aoe Industries, Ltd., Lon- 


, England 
Kessler Chemical Co., Inc., Philadelhpia, 


Pa. 

Mallinckrodt Chemical Works, St. Louis, 
Mo. 

Merix Chemical Co., Chicago, IIl. 


*Minerals & Chemicals Corporation of 


America, Menlo Park, N. J. 

Harrison, N, J. 
Rubba, Inc., New York, N. Y 

Superior Materials, Inc., New York, N. Y. 
Swift & Co., oenchewe | Ind. 
Synthetic Products Co., Cleveland, Ohio 


BACTERIOSTAT 


Aceto Chemical Co., Inc., Flushing, N. Y. 
Soda-Fab AG., 
Ludwigshafen a. Rhein, W. Germany 
Bex Industries, Inc., New York, N. Y. 
Bios Laboratories, Inc., New York, mi he 


*Catalin es of America, New 


York, N. Y. 
Gallowbur Chemical Corp., Ossining, 


Y 
Geigy Industrial Chemical Co., Ardsley, 
N 


ee 
Ions “EA & Chemical Corp., New 
York, N 


Monsanto Chemical Co., Organic Chem- 


icals Div., St. Louis, Mo. 


*Nuodex Products Co., Elizabeth, N. J. 


Sanitized Sales Company of ‘America, 
Inc., New York, N. Y. 


CASEIN 
Bios Laboratories, Inc., New York, N. Y 


Borden Chemical Co., The, A Div. of the 
Borden Co., New York, N. Y. 





Fuller, H, B., St. Paul, Minn. 
* Harwick Steadend Chemical Co., Akron, 


Hewit, C. B., & Bros., Inc., New York, 
Meaigiae Adhesives Corp., Brooklyn, 
Noten Casein Co., Chicago, Ill. 


CASTING MATERIALS 
(Not Cast Products) 


sy Thermoplastic 

Thermosetting 
Acme Resin Corp., Forest Park, Ill. (B) 
— Products hs New C's} 
*Allied Chemical Corp., Plastics & Coal 
Chemicals Div., New York, N. Y. (B) 
mes nes Cyanamid Co., ‘New York 


B 
Applied Plastics Co., Inc., El me: 
Cailf. (B) 


Ae at Co., Minnesre. 

inn 

Aries Laboratories, Inc., Long Island 
City, N. Y. 

Axel Plastics Research Laboratories, 
Brooklyn, N. Y. (A, B) 

*Badische Anilin- & Soda-Fabrik A.G., 
Ludwigshafen a, Rhein, W. -— 

ae os Div. of Union Carbide 

New York, N. Y. Pa. B) 

ag oe _ a Co., Inc., Los An eeles, 


“a (B) 
Blum, Paul, Co., Buffalo, N. Y. (A) 
Boruski, Ernest F., Jr.. New York, N. Y 


(B) 

Brilhart ces Corp., Mineola, Lon 
Island, (B} 
*Catalin Corporation of America, New 
York, (B) 
ached} SENS of America, New- 
ark, N. to (B) 
a a velopment Corp., Deawes 
Chemical and pone Associates, 
Upper Darby, Pa. (A, B) 
aa: ie Products Corp., E. Providence, 


(B 
Cheintron Fiber Glass Co., El 75 
air. 
*Ciba Company Inc., Kimberton, Pa. 
—— Petroleum. Corp., Big Spring, 
Davie’ Joseph, Plastics Co., » Aetna, 
N. 


Delta Chemical Works, Inc., New Wg 


N. Y. 
Dennis Chemical Co., St. a Pa 
*Devcon Corp., Danvers, Mass. (B) 
*Dynamit-Actien-Gese vormals 
9 Nobel & Co., Troisdorf, Ger- 


SDashatans Chemical Products, Inc., Kin 
port, Tenn. 
Emerson & Cuming, Inc., Canton, Mass. 


(A, B) 

Epoxylite Corp., The, El Monte, say 
*Furane Plastics, Inc., Los Angeles, Calif. 
G. S. Plastics Co., The, Cleveland, < 


(A, 
General Mills, Inc., Chemical Div., Kan- 
kakee iT B) 
Goodrich, B. F., Chemical Co., Cleve- 
land, Ohio (A) 
Gordon-Lacey Chemical Products Co., 
Inc., — Long — N. Y. (A, B) 
Hardman, Va: Coe Belleville, 


N. J. (B) 
*Hooker Electrochemical Co., Durez Plas- 
tics Div., N. Tonawanda, N. Y. (B) 
Industrial "Solvents & Chauivals, Inc., 
Wilkinsonville, Mass. 


* Indicates Advertiser 


? 
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Isochem Resins Corp., Providence, R. R 
L. & P. Tool Co., Cincinnati, Ohio (&, B 
Lawrence Adhesive & Chemical Co., Inc 
Lawrence, Mass. 
Lebec Chemical Corp., Paramount, a 
agnolia Chemical Co., Roswell, Ga. (B) 
+Marbltte Corp., The, ‘Long Island 
Metal & Thermit Corp ,N. J. 
Minneapolis Honeywell x pete ay Co. 
Minneapolis, Minn. (B 
Miracle ¢5 a Corp., Bellmore, Lon 
Island, N (A,B 
Mol-Rez_ Din American P 
Corp., Minneapolis, Minn. (B) 
Munray Products Div., The Fanner 
Manufacturing Co., Cleveland, ab 
*Naugatuck Chemical Div., United States 
Rubber Co., Naugatuck, — A, B) 
Poger's Plastic Products, Inc. “A 
Permacel-LePage’s Inc., New Brunswick 
N. 
“See Plastics Corp. Worcester, Mass. a) 
Plastics, Inc., 
pak ng Inc., Santa Monica, Calif. A) hed 
*Robertson, i. H., Co., Pitts Ae 3 
*Rohm & Haas Co., een (2 Pa. 
Rubba, Inc., New York, N. Y. 4») nae 
*Rubber Corporation of America, Hicks- 
ville, Long Island, N. Y. (A) 
*Schwartz Chemical Co., L. I. C.,.N. Y¥. ta) 
Scientific Abrasives, Highland Park, ct 
on” ~ nical Corp., Long — 
<2 Mm Mfg. Co., Jersey City, N. “e 
Seestonts Mfg. Co., St. Louis, Mo. 
— Corp. Wilmington, Del. 
hnicraft Co., Boston, Mass. (B 
Thicke Ch Chemical Corp., Trenton, N. Rf 
Tylene Plastics, Inc., Michigan City, Ind. 
Union Carbide Corp., Silicones Div., = 
York, N. Y. 
*United States Rubber Co., New ork 


CELLULOSE AND CELLULOSE 
DERIVATIVES 
(Flake) 
. Cellulose 
. Cellulose Acetate 
Cellulose Acetate Butyrate 
Cellulose Nitrate 
Cellulose Propionate 
Ethy! Cellulose 
. Hydroxyethyl Cellulose 
. Methyl Cellulose 
Sodium Carboxy-Methy] Cellulose 
—S— Pt ag pose & ules I 
Div. of Geom a 


BX Plastics, Ltd., London, England (D 
mberge Claude P P.. Inc % Pe 


N. J: 
Bios Laboratories, Inc., New Y 
(A,B C1 D.E, F.6, 
Brown Co., Boston, M A 
Sohne Cellulose Corp., _ ton. 


*Celanese Corporation of America, New- 
ark, N. J. (B, E) 
Chemical Co., Midland, .Mich. 


(F, H) 
#du Pont de Nemours, E. L., & Co., Inc 


*Dynamit-. lischaft, 
ae Nobel & Co., Peoledegl/Kom. 
W. Germany (A, B, C, D, F) 


SROMMOOR > 


B, C, 
NY. 


, Del. D, 
Wilmington (B, D, 5 


aaann Copies etnies Kings. 
Filber’ Scientific Co., Pittsburgh’ by 
Pisenrolt Yadeatles, Wovedh, M. N. J, om 
Hercules Powder Co., Wi 

Mazzucchelli Celluloide ink Verese 


kMachistein, H., & Co. Ine., New Yui 
N. Y. (B, C, F) 
Poly Cell Plastics Co., Smithtown, Low 
snauand Philip, & Sons, Buffalo, x i 
ee N.Y Ae Rae: Inc., oe < sin 
Success Mientics Corp., Indianapolis, Ind, 


Union Carbide Chemicals iv. of 
Union Carbide Corp., New York, N. Y, 
(CG 


CHEMICALS 


POOR > 


Alcohols, Aliphatic 

Aldehydes (See also Formaldehyde and 
Furfural 

Alkalies (See also Ammonia) 

Amines 


Camphor 
Carbon Disulfide 
Catalysts (See also Peroxides) 


Phenols (Aromatic Alcohols) 
Formaldehyde and Paraformaldehyde 
Furfural 


Isocyanates 
Peroxides 
Stearates 
Urea 


Xylenol 


Aceto SS Co., Inc., Flushing, Long 
nnnnne Sol & Chemical, Di 7" 
vance vents v. 

Carlisle Chemical Works, Inc., Nee 

Brunswick, N. J. K, Q) 

* Allied Chemical Corp., General Chemical 

Div., New York, N. at A, B, K) 

*Allied Chemical Corp i Aniline 

Div., New York, i. (B, D, K, 0) 
Chemical 


Allied —— a 
New York, N. Y. mt, 

Allied Chemical Corp., P! wie os 

Chemicals Div., New York, N. Y. 


(B, D, L, S) 

*xAmerican Cyanamid Co., New York, 

N. Y. ABCD. LK LN, 0.1 
Amoco micals Corp 


by eag D 
*Antara Chemicals, Div. of General Ani- 

line & Film Gun New York, MM be 
Applied Plastics Co., Inc., El cm 
Pa. Daniels-Midland Co., Minne 


Newark, 


YRONOZEPAS MERON 


Zs 
M. P, R) 
FG, MP. Bi 
and Chemical So! Buffalo, “ . 

Bios Laboratories. New York, N Y 
ios Inc., D,6L0.R 
Meeatale Rubber Co., Abereen 
(K 

soca Petroleum Corp., Big Spring, 
Texas (S) 





Cadet Chemical P 
Canadian ve ers 7 oh 
Canada 


conte Oe Co., New Yank N.Y ‘Brom 


Montreal, a 
Carwin Co., The, N (G,$ 
*Celanese Corp. of America, Newark, N. J. 


achat Development Corp., Danv 


(Kr. wRecklinghassoals W é Bc 


(B, Do) 
Columbia-Southern Chemical Corp., 
ae Plate Glass = rs 


A, 
*C be Petroleum Corp., Big Spring, ¥ Pe, 


Darling & Co., Comm, Ill. (B, D 
Dae Chemical Works, Inc., New York, 


7, 
(A, By D, Bs Bs G, Hy J,K, M, O, By 8 
*Devcon Co Sg er Mass. K) 


*Diamond Cleveland, Ohio 


*Dow Chemical Co., cick e. 


F, H, J, M) 
xdu Pont de Sos E. L, "& Co., Inc. 


F,H,L M, O, y , Q, R) R) 
*Dynamit- Mien elischaft, 
Alfred Nobel & Co., Trad ol, 
West Germany 
* Eastman Chemical Products, Inc., ney! 
port, Tenn, 
Emerson & Cuming, Canton, Men. 
Emery Industries, Inc., Cincinnati, om, 


Enjay Co., Ine., New York, N 
Erickson, Wallace A., & Co., ‘Chica (2) 
Escambia Chemical, New York iD. H) 
*Fine Organics, Inc., New York, N. Y 
(B. D, E) 
Fischer Scientific Co., Pitts! "Pa. 
(A, B, D, E, F, G, H, L,M,N FQ 


Glyco Products Co., Inc., New York, N. Y 


Q 

Goodrich, B. F., Chemical Co., Cleve- 
land, Ohio (B, O) 
Gulf Oil Corp., Petrochemicals Dept. 
Pittsburgh, Pa. (D, E E) 
Harshaw Chemical Co., Cleveland, Ohio 


) 

Heyden Newport Chemical ay New 

York, N. Y. (A, B, D, E , G, L, M) 

*Hommel, O., The, Pittsburgh, Pa. 

(D, E, Q, R) 

*Hooker Electrochemical Co., _ 
Plastics Div., N. Tonawanda, N. 

L 

«Imperial Chemical Industries, Ltd., 61) 

don, England (D, L, M, QO) 

*Jersey City Chemical Div., Minnesota 

Mining & Mfg. Co., Jersey City, N ‘ ‘ 

B 


jolene Chemical Co., Inc., Houston, 
exas 
Kay-Fries Chemical, Inc., New York, 
N. Y. (B, D, E, Lt M) 
Kolker Chemical Corp., Newark, 
<? ) 
*Koppers Co., Inc. Centos & Dyestuffs 
Div., Pittsburgh, P. 


*Koppers Co., Inc., Tar _—, igs 
Pittsburg h, Pa. B, L) 


Mallinckrodt Chemical Works, St. oe 


Mo. 


Marcus Ruth Jerome Co., Chicago, 


*McKessen . 1 Inc., Chemical 
Dept., N. Y. ah N. Y 
«Merck & Co., Rahwa J. (G, oe 


Mobay Chemical al Ga Pittsburgh, Pa 
* Monsanto Chemical” Co., 
Springfield, Mass. Pini 


* indicates Advesticer 


ee gag he yA ae 
fo. (B, D, F, L) 
Chemical 


Co., Greens- 


(B) 


Ca K) 

* Naugatuck Chemical Div., United States 
Rubber Co., Nau atuck, Conn, (O) 
Nicholas Chemical Co, .. The, a 


*Nopco my pee 9 “= ag J. 
*Nuodex Products Co., be a4 


Oronite Chemical Co., San gether 
Calif, (B, D. 4, igh 

—- Chemicals —_ ™ 

a Chemicals, Irc., Now Fay 


(D, H) 
Pfizer , Chas., & Co., Inc., Brooklyn, N. Y. 


) 
“eens Quartz Co., aes | 
Pitt-Consol Chemical Co., Newark, N. arg 
Whe or Coke & Chemical Co., =A 


B, s 
Qube Oes Co., The, Che of kB L Bi. 
Chicago, Il. Ill. ie (B D, E, DN 


rr 

(A B,D, KLM 
Rolin & Hass Go, ame Fn 
Rihnees Cheat Se, Long Island Ci Ci 


N. Y. 
*Shell Chemical Corp., Mise Wwe 


H, K, 7 R) 
Shell Oil Co., New York, N (L) 
Sherwin-Williams Co., i New York, 


N. Y. () 
Sigma Chemicals, Inc., Richmond, Ca . 


) 

Smith Chemical & Color Co., Inc 
Brooklyn, N. Y. (Q} 
Specialty Chemicals, Inc., Austin, as 
*Spencer Chemical Co., Kansas, Mo. A a 


(D, H, 
Superior Materials, Inc., New York, N. Y. 


(Q) 
Swift & Co., Hammond, Ind. (B, D) 
Synthetic Products Co., Cleveland, Ohio 


) 

Tennessee Products & Chemical Corp. 
New York, N. Y. (A, B, D, E) 
Thalco, Los Angeles, Calif. (K) 
Thiokol Chemical Corp., Trenton, N. J. 


) 

Toepfer, Alfred C., Inc., New York, Lf 
*U. S. Industrial Chemicals Co., Div. of 
National Distillers and Chemical Corp., 
New York, N. Y. (A, B, D, F, H) 
Union Carbide Chemicals Co., Div. ., of 
Union Carbide Corp., New York, 3 be 
, States Rubber Co., New York, 


(A j 

Vereinigte Chemische Fabriken Kreidl 
Rutter & Co., Vienna, Austria (M) 
*Wallace & Tiernan, Inc., Lucidol Div., 
Buffalo, N. Y. (K, P) 
*Wallace ‘&Tiernan, Inc., Belleville, N. J. 


bake ae _— & Daniels, Inc., New 
York, Q 
*Witco Casnicel Co., New York, N. (0) 


COATED FABRICS 


A. Cellulosic Coated 
B. Rubber Coated 
C. Vinyl Coated 
Airconductors, Gardena, Calif. 
American Combi 
(A, B, 


N. Y. 
Bortman Plastics Co., Boston, Mass. 
(A, C) 


Brulene Coated Textiles, Brooklyn, N. ! 


Canadian General-Tower, Ltd., Galt, 
Ont., Canada (C) 
Canadian Industries, Ltd., Monizeal, 
Que., Canada C) 
Canadian Resins and Chemicals, Lt 
Montreal, Que., Canada (Cc 
Carpenter, L. E., & Co., Wharton, N. ‘éj 


Clopay Corp., Cincinnati, Ohio 
— Mills, Inc., 


A 
Columbus ¢ Coated Fabrics Ons C +40) 
*Centinente- -Diamond Fibre Corp., New. 
ar’ 
Cordo _ Products, Inc., New roe 


ted Bout de Nemours, E. I; & Co., Ine. 
Wilmington, Del. B, C) 
*Dynamit-Actien-Gesellschaft, Vortnals 
sion, Ree & Co., Troisdorf/Koln, 


(C) 
Elocwe Plastic stic Fabrics, Inc., Pulaski, eS 


Electro-Technical Products, Div. of Sun 
Chemical Corp., yoy bs N. J. (C) 
= _— Fabrics Co., Inc., New To 


Wohiben Texol Corp., Walpot. ee 
Fassler, M. J., & Co., Inc., man 


(A, 
Federal Industries, Belleville, N. i ft 
Flexcraft Industries, Newark, 
Flexfirm Products, El Monte, Calif, (B, Nn 
General Tire & Rubber Co., Ri 
Cranston, . a A, B, O) 
h, B. F., Industrial Products Co., 
Akron, ‘Ou (B, C) 
Gordon-Lacey Chemical ao ga Co., 
Inc., Maspeth, Long Island, 4 oo 


t, 
rial Chemical Industries, Ltd., Lon- 
on, England C) 
Intraplast Mfg. Co., New York, N. Y. (C) 
Irvington Div. Minnesota Mining & Mfg. 
Co., St. Paul, Minn. (B, C) 
Jamestown Finishes, Inc., Jamestown, 
N. Y. C) 
Joanna Western Mills Co., eg ro 


*Johns-Manville, New York, N. Y. (B) 
Kaye-tex Mfgr. Corp., Yardville, N aph 


(C) 
Landers Corp., The hong Ohio (B, C) 
Marbek, Inc., Brooklyn, N N. Cc 
Masland Duraleather Co., The, Setee. 
phia, Pa, (C 
Narmco Resins & Coatings Co., en 

Mesa, Calif. (B, C) 
*Polyplastex United, Inc., Union, a dj 
Pyrotex Co., Leominster, Mass. (A, C) 
Rand Rubber Co., Brooklyn, N. Y. (B, C) 
*Raybestos-Manhattan, Inc., Manheim, 


Reeves Brothers, Inc., Plastics Div., 
York, N. Y. iB, C) 
Rondale Co., Inc., The, Roselle, N. J. (C) 
*Sandman, Eli, Co. “ Worcester, Mass. 


(B, C) 
Standard Coated Products, Inc., 
Buchanan, N. Y. (B, C) 
Standard Insulation Co., E. Ruthe ford, 
N. 
Tene Halsey Co., New York, -- 4 SS nes 


*United States Rubber Co., Now’ York, 
N. Y. (C) 


COATINGS 
(See also Varnishes) 


Cellulose Lacquers 
: ede Melt Coatings 





M. Urea Coatings 
N. Vinyl Coatings 


Acme Resin Corp., Forest Park, Ill. (1) 
Adhesive Products Corp., New York, N. Y. 
(A, B, C, D, E, F, G, L, J, K, L, N) 
Alkydol Laboratories, Inc., Cicero, Ill. 
(B, E, H) 

Anggtiee Alkyd Industries, Carlstadt, 


American Lacquer Solvents Co., Phoenix- 
ville, Pa. 
(A, B, C, D, E, G, H, I, J, L, M, N) 
American Products Mfg. Co., New Or- 
leans, La. (A, C. K. N) 
American Corp., South Gate, Calif. (E. N) 
Angier Adhesives, Div. of Interchemical 
Corp., Cambridge, Mass. (E, K, N) 
Archer-Daniels-Midland Co., y We 
lis, Minn. B, H, N) 
Aries Laboratories, Inc., Long Island 
City, N. Y. (E) 
Armitage, — L., » Newark, N. J. 
(A, B, C, E, on H, L, J, K, M, N) 
as Coatings Corp., ‘Long island City, 
(A, B, C, E, I, N) 
Pe. ainerel Products Co., Mertztown, 
Pa. E, K, N) 
Axel Plastics Research Laboratories, 
Brooklyn, N. Y (A, E, K, N) 
Barrett Varnish Co., Cicero, Ill. 
A, B, C, E, G, H, Ll, L, M, N) 
~ \ememere Co., Logo Div., Chicago, 


(A, B, C, E, F, G, H, I, J, K, L, M, N) 
Becco Chemical Div., Food Machinery 
and Chemical Corp., Buffalo, N. Y. 
(E) 

—— Corticelli Industries, New York, 


Biggs | Carl H., Co., Inc., Los Angeiss, 


Bios Laboratories, Inc., (L, M) 
Bloomingdale Rubber Co., one a 
Md. E, I, K, N) 
Borden Chemical Co., The, hd of The 
Borden Co., New York, N. Y. (A, C, N) 
Borden, Chemical Co. Coalings & ’Ad- 

hesives Dept., Middlesex, Nt 
E, K, N) 


Bortman Plastics Co., Boston, Mass. (N) 
Boruski, Ernest F. Jr.. New York, N. Y. 


(K) 
Bradley & Vrooman Co., Chicago, IIl. 
(A, B, E, G, I, M, N) 
Brilhart oe Corp., Mineola, Lon 
Island, N (E 
Buckstaff &, vThe, por Wis. (G, I) 
Carboline Co., St. Louis, Mo. 
(E, F, I, K, L, N) 
Carroll Products, Inc., Farmingdale, N. Y. 
(A, E, I, K, L, N) 
Century Products, Detroit, Mich. oe N) 
Chemical Coatings & Engineering Co 
Inc., Media, Pa. (E, F, G, LJ,K,L,N) 
*Chemical Development Co ie aes 
Chetnival and Engineering Associat 
Upper Darby, Pa. (E. Nj 
Chemical Industries, Unit of E. A. Van 
baler es DEG ii K K, L, M, N) 
E > 
*Chemical Product aay Providence, 
RL. (A, B, C,D, E, ¢ Lim gt te 
Chemtron iber wie, 


wUlinten Co. , Chica ; Ill. 
3, C, D, EF F, G, z, 
jIton Chemical Co ae 


Ease 


(E, K, 
*Furane Plastics, Inc., Los Angeles, — 


Mage Chemical 
ion England 


Compo Chemical Cc., Inc., W 
Mass. (C, E,N 

Cordo Molding Products, Inc., New York 
N. Y. (N) 

lyn, N. Y. 

Custom Coatings Co., Los ma: Calif. 


Delta S nee Works, Inc., New York, 
(A, B, E, B, 1, J. KN) 
t. Louis, Mo. 


N. Y 
Dennis Chemical Co., 
A. C, E, L, J, N) 
(C, E, N) 
Co., Cam- 
e, Mass (K, N) 
Dow Corning Corp. .» Midland, Mich. ins 


*Devcon Corp., Danvers, Mass. 
yer & Almy Chemical 
g 


*xdu Pont de Nemours, E. L., & Co., 
*Dynamit-Actie 


Gb, GH.) 
ien-Gese 


Ilschaft, 
Alfred Nobel & Co., Trodedost/Koke 
West Germany (D 
Electro Plastic Fabrics, Inc., Pulaski, pA 


Electro-Technical Products, Div., of Sun 
Chemical Corp., er N. J. 
E, G, I, L, M, N) 
Emerson & Cuming, Inc., » Canton, car 
se Plastics, Inc., Gibsonville, 
N. C. (D, E, N, J) 
Epoxylite Corp., El Monte, Calif. ‘E) 
Farrington Texol Corp., Walpole, Hews. 
Peat, M. Jj., & Co., Inc., Brooklyn, 
(C, N) 
Federa Chemicals Corp., New Tos, 
Flewonaht Industries, Newark, N. J. 
(A, B, C, D, E, G, I, J, K, L, N) 
Flexible Products Co., Marietta, Ga. (N) 


*Foster Grant Co., Inc., Polymer Products 


Div., Leominster, Mass. (J) 
Fuller, H. B., Co., St. Paul, Minn. N) 


G. S. Plastics Co., The, Cleveland, oun 

(A, E, N) 
Garan Chemical Corp., Gardena, a, Call 
General Dispersions, Inc., saan N. J. 


General Plastics Mfg. Co., Tacoma, 
Wash. (A, M) 
General Plastics Corp., Paterson, N. J. (J) 
George, P. D., Co., The, St. Louis, Mo. 
(A, B, C, D, E, G, H, i, J, K, L, M, N) 


*Glidden Co., The, Cleveland, 
*Goodrich, B. F., 


Akron, Ohio 
Goodyear Tire & 

Chemical Div., Akron, Ohio 
Gordon-Lacey Chemical Products 

Inc., Maspeth, Long Island, N. Y. 
H&R pain, a'r, = rt 

a. 

Harms, Perc. E., Co., re ied I 1) 


ie 
Haveg Industries, Inc., Wilmington, Del. 


F, 1) 
Laboratories, Inc., S 
He M Mass. VAR CE CHET E 


M,N 
Heil Process Equipment, Cleveland, ‘Ohio 


(E) 

Heresite & Chemical Co., Manitowoc, 
Wis. (I, K) 
Industries, Ltd., Lon- 
(B, C, G, H, L, J, N) 

Industrial Adhesives, tay Adan 


Interchemical Corp., Finishes Div. KL 
a NT AS BeC, DE, G Lk 


1 & Vi Co., Da Ohio 
vie Jews inson yton, . 


Jamestown F 
N. Y. 
Jersey ay Che 
Mining & Mfg. Co., Jersey City, N. J, 


Kenwood Plestice, Washington, D.C 


(K, 
Kindt-Collins Co., Cleveland, Ohio a 
L & P Tool Co., ‘Cincinnati, 7 ei S 
N 
Lami-Plast Products Co., Tampa, Fa. (E) 
a Chemical s stag 
E) 
lane Adhesive & Chemical Co, 
, Lawrence, Mass. (E, K) 
to Chemical Corp., oe a 
N) 
Loven Chemical of California, Newhall, 
Calif. (D, E, F. L M) 
Magnolia Chemical Co., Rorwel, 
N) 
ae Adhesives Corp., ee 
) 
Maxbek:, Inc., Brooklyn, N. Y. (N) 
— Corp., The, Long island ot 


McCloskey Varnish Co., The, Phils 
delphia, Pa. (E, H, I) 
McLeane, H. E., & Sons, St. Louis, Mo Mo. 


*Metal & basi Ay Rahway, N. 
B, C, E, G, L, M, N) 
Mica Insulator, br. ~ Minnesota Min. 
- ., < reset Co., Git 
Michigan < & Chemical Co 
troit, Mich. a 
Midland Adhesive & Chemical Corp., 
Ferndale, Mich. 
(A, C, D, E, 
Minneapolis Honeywell Reg 
Minneapoli 
Miracle Adhesives ‘Gk ., Bellmore, Lon 
Island, N N 
Molded Products, Los Angeles, Calif. “N) 
Mol-Rez Div., American Petrochemical 
Corp., Minneapolis, Minn. (B) 
Morningstar-Paisley, New York, N. x ts 


ae ime H., & Co., Inc., New York, 


(N) 

sino Products Div., The Fanner 
Manufacturing Co., Cleveland, ( Oe 
Narmco Resins & Coztings Co., Costa 
Mesa, Calif. (E, sf J, K, L, N) 
—_. Polymer Products, DI s. 
National Starch Products, Inc., » New  Xork 
N. 


> 


Niskols Products Co., Moorestown, N. J. 


) 
Nikolas, G. J., & Co., Inc., Bellwood, Ill. 
( B, C, E, CG, M} 


K, M, N) 
ator Co., 
E 


N. J. 
Pasley's Plastic Products, Inc., Atlanta 
Permacel-LePage’s Inc., New ee. 
N. 


Pierce & Stevens Chemical Corp., Buf- 
falo, N.Y. (A,B, C, BIJ, K 1, M,N) 
— Engineering Co., boyen 

P ay , Sun Valley, Calif. 
oe ies RE 
Polymer Chemical Co., Cine Ohio 
Polymer Industries, re , Pe . dale 
= Inc., Needing Pe “. E, , 
*Polyplastex United, i: Uni J. 
G, I, K, 4 M, N) 





Polyrez Co., Inc., Woodbury, N. J. (I) 
Protective Treatments, Inc., Dayton, Ohio 


al AGN) 
omit C.D. E.G, J, KL. M, N) 
Rafi and Swanson, Inc., Wil 


Mass. B,C, GL M,N) 


Ram Chemicals, Inc., Garde 


ardena, 
Rand Rubber Co., Baelive, He 
Randolph Products Co. "Danicted ee & 
(A, B, C, E, G, H, I, J, K, L, M, N) 
*Raybestos-Manhattan, Inc .» Manheim, Pa. 


Ren Plastics, Inc. “age Ee 
noe Sales, Inc. Mahw: N. J. 
A, B, C, D, E, G ELD KL, M,N) 
neue a: Pistioes Ian ., Irvington, N. J. 
(A, B, C, E G, HI. 1, J, & M, LN) 
*Reynolds Chemical Co., 
Arbor, Mich. (E, AN) 
*Rubber Corporation of America, Hicks- 
ville, Long Island, N. Y. N) 
*Rubber & Asbestos Corp., Bloomfield, 


(K) 

cca 8 Corp., The, Long Island 
City, N. 

(A, B.C, E G, H, I, K, L, M, N) 

Schori Process Div. zr — Corp., 

Long Island (E) 

vi Chemical Co Co., Ling Island om 

Seal Peel, Inc., Royal Oak, Mich. (D, N) 

Servwell Products Co., Cleveland, One 


The, New York, 
.F,6,4,L JK 


Slomons Laboratories, Inc., Long Island 
City, N. Y. C) 
Spraylat Corp., New You, N. Y. (A, K, N) 
*Stanley Chemical Co., E. Berlin, Conn. 
(A, B, C, < 6, i, J, K, L, M, N) 
Steelcote a Co. Louis, Mo 
EG, HL}, K, L, M, N) 
Stoner heen ~ Div. 3 American- 
Marietta Co. , Pittsburgh, P: 
(A, B, E, hy i,j 
Sullivan Chemicals Di — 
nish Co., Chicago, a” 
, B, C, E, G, I, K, L, M, N) 
Thiokol Chemical, Trenton, N. J. (E, K) 
Thompson and Co., Oakmont, Pa. 
(A, B, C, E, G, H, I, K, N) 
Truscon Laboratories, Div. Devoe & Ray- 
nolds Co., Inc., Detroit, Mich. 


> . 
Tylene Plastics, 


Sherwin-Williams ee 
N. Y. (A, B, C, D, E. 


K, M, N) 
ivan Var- 


(E, 0. 
Michigan City, Ind. '(E) 
U B S Chemical Corp., Cambridge, Mass. 


Union Carbide oa Silicones eh 
New York, N. Y 


«United States Gypsum Co., Chicago, it 
*U a3 States Rubber Co., New York, 


N) 
U reed States Stoneware Co., 7 Akron, 
E, F, I, N) 


Ohi 
Vv alte Div., Valentine Inc., New Or leans, 


(I 
Vv L¢ Colors, Englewood, N. J. (J, K, N) 


be Chemical Corp., Niagara Falls, 


I) 

Vereinigte Chemische Fabriken Kreidl 

Rutter & Co., Vienna, Austria (G, I, M) 

Wal-Mar Plastics, Inc., Torrance, wy 
‘Wet eee oe ittsburgh, Pa. 

Cn I, K, L, M, N) 


(A, 
Western Conting ee ” Royal Oak, ich 


COLOR DISPERSIONS IN RESINS 
AND PLASTICIZERS 


ee Products Corp., New York, 


Allied Chemical Corp., National Anili 
Div., New York, N YY. a 


* Indicates Advertiser 


Allied Resins, Inc., Conneaut, Ohio 
*American Molding Powder & Chemical 
Corp., Bedford, N. Y. 
i Plastics Co., Inc., El ae 


Argenta Products Cornville 


Long Island ‘Coy, 


N. 
*Badische Aniline & Soda-Fabrik AG. 
Ludwigshafen a. Rhein, W. Germany 
Blane Corp., The, Canton, Mass. 
Century Products, Detroit, Mich. 
Unit of E. F, Van 


ucts Corp., E. Providence, 
Gian Pi Dispersion Corp., 
Roslyn “q = hts, “Long ego N. Y. 
*Clinton Co., cago, Ill. 
Cookle Color & The Coerep Hackettstown, 


N. J. 
Cordo Molding Products, Inc., New York 
Delta Chemical Works, Inc., New York 
Doggett, Stanley, Inc., New York, N. Y. 
*xdu Pont de Nemours, E. L, & Co., Inc., 
Wilmington, Del. 
*Ferro Corp., Color Div., Cleveland, Ohio 
*Furane Plastics, Inc., Los Angeles, Calif. 
Garan Chemical Corp., Gardena, Calif. 
*General Dyestuff Co., Div. of General 
Aniline & Film Corp. .» New York, N. Y. 
*Glidden Co., The, Chemicals-Pigments- 
Metals Div., Baltimore, Md. 
*Goodrich, B. F., Chemical Co., Cleve- 
land, Ohio 
Gordon-Lacey Chemical Products Co., 
Inc., Maspeth, Long Island, N. Y. 
— Standard Chemical Co., Akron, 
Ohio 
Industrial Solvents & Chemicals, Inc., 
Wilkinsonville, Mass. 
Interchemical Corp. ‘a — & Chemicals 
Div., Hawthorne, N. 
SS Corp., Finishes Div., New- 
Jamestown Finishes, Inc., 
N.Y 


Chemical Prod 


Jamestown, 


Kentucky Color & Chemical Co., Louis- 
ville, 
Krieger Color & Chemical Co., Inc., Los 
Angeles, Calif. 
La _ Plastic Co., Inc., New York, 


N.Y 
Lamb Plastics, Inc., Lambertville, N. J. 
Landers-Segal Color Co., Brooklyn, N. Y. 
Mol-Rez Div., American Petrochemical 


eS Minn 
+ Mtuchbicin, & Co., Inc., New York, 


nae Products Div., The Fanner Mfg., 
Co., ys Ohio 

Osborn, C. J., Co., Linden, N. J. 

Pasley’s Plastic Products Inc Inc., Atlanta, 


Ga. 

Pennsylvania Color and Chemical Co., 
Doylestown, Pa. 

Plastic -_ Supply Co., Inc., Fan- 


wood, 
Plasticrafts, Denver, on 
*Plastics Color Co., Chatham, N ; i 
Ram Chemicals, Inc., Gardena, Calif. 
Reed Plastics Corp. wi Mass. 
— Chemicals Inc., White Plains, 


N. Y. 

Riverdale Plastics & Chemical Corp., 
Culver City, Calif. 

*Rona Laboratories Inc., Bayonne, N. J. 

Schori Process Div., Ferro-co Corp., Long 
Island City, N. Y. 

Schwartz Chemical Co., L.LC., N. Y. 

Sherwin-Williams Co., The, New York, 


N. Y. 
Smith Chemical & Color Co., Inc., Brook- 
Standard Ultramarine & Color Co., 
Huntington, W. 
*Stanley Chemical Cn E. Berlin, Conn. 


Steelcote Mfg. Co., St. Louis, Mo. 
— Chemicals Div., Sullivan Varnish 


» Chicago, Ill. 
U. : “Radium Corp., Morristown, N. J. 
Vansul Colors, Englewood, N. J. 
Wal-Mar Plastics, Inc., Torrance, Calif. 


COLORANTS, FOR DRY COLORING 


*Allied Chemical 7. National Aniline 
Div., New York, 
* American Cyanamid To. New York, N. Y. 
a a Molding Powder & Chemical 
Brooklyn, N. 
kBedioded Ani Aniline & Soda- Fabrik AG., 
Ludwigshafen a. Rhein, W. Germany 
Godfrey L., Inc., Boston, Mass. 
*Columbian Carbon Co., Mapico Color 
Unit, New York, N. Y. 
Cooke Color & Chemical, Hackettstown, 


N. J. 
Delta Chemical Works, Inc., New York 
Doggett, Sontey, Inc., New "York, N. Y. 
Drakenfeld, B. F & Co., Inc., New York 
*du Pont de —- E. i. & Co., Inc., 
Wilmington, Del. 
*Ferro Corp., Cleveland, Ohio 
*Ferro Corp., Color Div., Cleveland, Ohio 
Filo Color & Chemical Corp. ie New York 
*General Dyestuff Co., of —- 
Aniline & Film Corp. % Nowe York, N. Y 
*Gering Products Inc. Kenilworth, N. J. 
Glidden Co., The Chemicals-Pigments- 
Metals Div., Baltimore, Md. 
Harshaw Chemical Co., Cleveland, Ohio 
— Standard Chemical Co., Akron, 
io 
Interchemical Corp., Color & Chemicals 
Div., Hawthorne, N. J. 
Isochem Resins Corp., Providence, R. I. 
Kassel Export Co., New York, N. Y 
ae my Color & Chemical Co., Louis- 
ville, ‘Co. 
es Inc., Chemicals & Dyestuffs 
ttsburgh, Pa. 
Kreps Color & Chemical Co., Inc., Los 
Angeles, Calif. 
Landers-Segal Color Co. , Brooklyn, N. Y. 
Liquid Nitrogen Processing Corp., Ches- 
ter, Pa. 
Multiplastics, Inc., Wallingford, Conn. 
Osborn, C. J., Co., Linden, N. J. 
Palmer, Homer W., & Co., Chicago, II. 
Pennsylvania Color and Chemi Co., 
Doylestown, Pa. 
= —— Supply Co., Inc., Fan- 


J. 

Plastics "Color Co., Chatham, N. J. 

*Reed Plastics Corp. Worcester, Mass. 

— Chemicals, Inc ., White Plains, 

N. Y. 
ae ga Laboratories, Inc., W. War- 
wic 

*Riverdale Color Co., Inc., Newark, N. J. 
Riverdale Plastics %& Chemical Corp., 

Culver City, Calif. 

*Schwartz Chemical Co., L.L.C., N. Y. 
Sherwin-Williams Co. The, New York 
— Chemical & Color Co., Inc., Brook- 

N. Y. 
Standard Ultramarine & Color Co., Hunt- 
ington, W. Va. 
Titanium Pigment Corp., New York 
Uhlich, Paul, & Co., Inc., New York 
Vansul Colors, Englewood, N. J. 
*Witco Chemical Co., New York, N. Y. 


CORES FOR SANDWICH 
CONSTRUCTION 
A. Composite Structures 


(Honeycomb, etc.) 
B. Balsawood 


Acme Resin Corp., Forest Park, Ill. (A) 
Balsa Ecuador Lumber Corp., New York, 


N. Y. (B) 
Chemtron Fiber Glass Co., El Monte, 
Calif. (A) 





one, Aircraft Co., Inc., Santa Monica, 
Calif. 
Emerson & Cuming, Inc., Canton, Mass. 


avy Industries, Inc., Wilmington, 


(A) 
Hexcel Products, Inc., Berkeley, Calif. (A) 
— Balsa Corp., Jersey Ci 


J. ( j 
Keller Products, Inc., Manchester, N. H. 


*Polyplastex United, Inc., Union, nm 
Jersey (A) 


DESTATICIZERS 
(See Anti-Static Agents) 


DYES 
(See also Pigments) 


*Allied Chemical T. National Aniline 
Div., New York, N 
sy New York, 


—— Cy 
N 
*American Molding Powder & Chemical 
Corp., Brooklyn, N. Y. 
*Badsiche Anilin- & Soda-Fabrik AG.., 
Ludwigshafen a. Rhein, W. Germany 
*Carbic Color & Chemical Co., Inc., New 
York 13, N. Y. 
Carbon Dispersions, Inc., Newark, N. j. 
Delta Chemical Works, Inc., New York, 


N. Y. 

*du Pont de Nemours, E. L., & Co., Wilm- 

ington, Del. 

*Eagle-Picher Co., The, Cincinnati, Ohio 
Garan Chemical Corp., Gardena, Calif. 
General Color Co., Newark, N. ‘J. 

*General Dyestuff of General 

Aniline & Film Cone New York, N. Y. 

*Harshaw Chemical Co., Cleveland, Ohio 

*Imperial Chemical Industries, Ltd., Lon- 

on England 

* Kentucky olor & Chemical Co., Louis- 


ville, Ky. 
& Chemical Co., Los 


Krieger, lor 
eles, Calif. 
wes * Mode Plastic Co., Inc., New York, 
Pineties Color Co., Chatham, N. J. 
*Reed Plastics Corp., Worcester, Mass. 
Rhode Island Laboratories, Inc., W. War- 
wick, R. I. 
*Schwartz Chemical Co., New York, N. Y. 
Standard ne & Color Co., Hunt- 
ington, W. Va. 
Sullivan Chemicals Div., 
nish Co., ‘eras - 
i Paul, & Co., Inc., New York, 


veut "Colors, eewess, J. 
Wilmot & Cassidy Inc , Brookly n, N.Y. 


Sullivan Var- 


EMULSIFYING AND DISPERSING 
AGENTS 


a Products Corp., New York, 
Y. 


teAthied Chemical Corp., National Aniline 
Div., New York, N. ¥. 
Co., New York, 


Air Reduetio n 
N. Y. 

*American Cyanamid Co., New York, N. Y. 
Antara Chemicals, Div. of General Ani- 
line & Film Corp., New York, N. Y. 
*Badische Anilin- & rg ge Me AG., 

Ludwigshafen a. Rhein, Gommany 
Bios Laboratories, Inc., New York N. 
Carbon Dispersions, Inc., Newark, N. J. 
Dewey & Almy Chemical Co., Cam- 

bridge, Mass. 


* Indicates Advertiser 
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*xdu Pont de Nemours, E. L., & Co., Wilm- 
ington, 


Flexcraft Indu Newark, N. J. 
Geigy Industral Chemical Co, hedetey, 


aceodich, B. F. Chemical Co., Cleve- 
land, Ohio . 


Hall, C 

Im ri Chemical Industrioa, Lid. Lon- 
on, iD 
mical Co., Inc. Houston, 


— 
kJobae Manville, New York, N. Y. 
“2 Chemical Co. Co., Inc., Philadelphia, 


Selene Calcite Chonsisih- Co: Soins Gas 
Fy Chicago, Ill. 
arcus * 

*Minerals & Chemicals Corporation of 
America, Menlo Park, N. J. 

as ia al Paisley, Inc., New York, 


*Monsanto Chemical Co., Organic Chem- 


icals Div., St. —— ‘Mo. 
Morton Withers Chestioel Co., Greens- 


National Aluminate Corp., Chicago, Il 
*Nopco Chemical Co Harrison, N. J. 
Oronite ‘yon San Francisco, 


Calif. 

a Chemicals Corp., Philadelphia, 
a. 

 - elphia Quartz Co., Philadelphia, 


*Plastics Color Co., Chatham, N. J. 

*Rohm & Haas Co., Philadelphia, Pa. 
Scientific Abrasives, Hi Park, Ill. 
Superior Materials Inc., New ag Ba N. Y. 


Chemicals Co., Div. of 
Union Carbide Corp., New York, N. Y. 
*Witco Chemical Co., New York, N. Y. 
Wye Industries, Boston, Mass. 


EMULSIONS AND DISPERSIONS 
Cellulose Base 


Protein Base 

Rubber Base Resin Base 

. Acrylic Resin 

Alkyd Resins 

Allyl Resins 
Coumarone-Indene Resins 
Fluorocarbon Resins 


. Polyamide Resins 
Polyester Resins 
Resorcinol i 
Styrene Resins 

. Vinyl Resins 


Acco Polymers, New York, N. Y. 
rsed 


(D) 
*Ache Dispe Phila- 
“delphia, Pa. ( aa P, 9) 


Acme Resin Mask. Corp., Foreat BoA. ea L) 
— Products Corp., hon York, 
N. Y. (A, B, cD, EBGLS P.O) 


Alkydol Laboratories, Inc., “Gicctor 


N) 
*xAllied Chemical Corp., Plastics & 
Chemicals Div., New York, N. Y. aa 


N} 


K, 
cae a Cyanamid Co., New You 


aa Adhesives, Div. of echo 
ee og oe e, Mass. (ce) 
Arabol Mfg. Co., New York, N. Y. (Q 
Archer-Daniels-Mi sd ag) 


lis, Minn. ‘Bel ®) 
_ Powder Co., Wilmin: 
B. B. Chemical Co., Cam e, >t 
*Badische Anilin- & Soda-Fabrik AG., 


Ludwigshafen a. Rhein, W. oro 


OMOZZP ATM ROMEOOPP 


as | Corticelli Industries, New York, 


(M) 
Biss Lherstecion ew York, N. 
“ABC DE’ F.C, ¥ HJ KL. 


O, P, 
Bloomingdale Rubber Co., Aberdeen, 2 
Cc 
Booty Resineers, Div. <t kein Mas, 
etta Co., Newark, Ohio (E, L, N) 
Borden Chemical Co., ng ne of The 
Borden Co., New York, N. Y 


idence, 
(Q) 
Colton Chemical Co., Cleveland, Ohic 
(D, Q) 
Custom Coatings Co., Los Angeles, Sy 
» Q) 
Dennis Chemical Co., St. -—. . 
Cc, Q) 
*Dow Chemical Co., Midland, Mich. (P,Q) 
#du Pont de Nemours, E. L, & Co., Inc, 
Wilmington, Del. (C, H, Q) 
*Dynamit-Actien-Gesellschaft, Vormals Al- 
fred Nobel & Co., Troisdorf/Koln, 
West Germany (M, N, Q) 
Firestone Plastics Co., Pottstown, a Q 
(C, Q) 

Flexcraft Industries, Newark, N. J. 
wpa (A, D, G, P, Q) 
Flexible Products Co., Marietta, Ga. (Q) 
*Foster Grant Co., Inc., Polymer Products 
Div., Leo (P 


(E, M, N, 
General Dispersions, Inc., Paterson, \. J. 


(M) 

General Tire & Rubber Co., Cheri 
Div., Akron, Ohio 
George, P. D., Co., The, St. Louis, h~ 


(E, J, L, N, P,Q) 


Chemical Div., Akron, Ohio ; 
Haveg Industries, Inc., Wilmin Pn 
*Hommel, O., Co., The, ieee: . 


Hughes Glue Co., Detroit. Mich. (C, ©) 
*Imperial Chemical Industries, ae lo 
n, England ), E) 

ial Adhesives, Boca ai Fla. 

(A, C, D, P, Q) 

Industrial Soivents & Chemicals, Inc., 
Wilkinsonville, Mass. (A, Cc, P, Q) 
Interchemical Corp., Finishes Div., New- 
ark, N. J. W, 0) 
xJersey City Chemical Div., Minnesota 
Mining & Mfg. Co., Jersey City, \ ih 


*Koppers Co., Inc,, Plastics Div., 
burgh, Pa. \ 

L & P Tool Co., Cincinnati, Ohio ©) 
ae — Plastic Co., Ine., New York, 
(A, D, N) 

Manhattan Adhesives Corp., a 9 


I b. 
(P) 





boro, N. 
“tor, Suite Div., The Fanner “s 
Co., Cleveland, Ohio (Q) 
Narmco Resins & 


Mesa, i 
National Casein Co., 


) 
a 24 Starch Products, Inc., New Yon 


N. 
ate Chemical Div., United Ce 
Rubber Co., Naugatuck. Conn. ( hy 
Nichols Products Co., Moorestown, 


*Nopco Chemical Co., Harrison, N. J. 


(D, Q) 
Ke Chemical Co., Midland Park, 


N. J. Q) 
Pasley's Plastic Products, Inc., “o 
P in Cc 9 L ns, Tl. J, N 

elron Corp. tye ; 


Pennsylvania Cons 


Clairton, Pa. 
Plastic Molders Supply Co., Inc., Fan- 
wood, N. J. ) 
Polymer Chemical Co., Cincinnati, % 
Polymer Industries, Inc., S dale 
Conn. , O) 


C, 
Polyrez Co., Inc., Woodbury, N. J. (L) 
Pyroxylin Products, Inc., Chicago, Il. 


(A, Q) 
*Re gaps Chemicals, Inc., White Pats 
neosandl Sales, Inc., ar gh 


J. 
D, P, 
Reynolds Chemical roid EL 2) 


Arbor, Mich. "90 Q) 
*Robertson, H. H., Co., Pittsburgh, Pa. 


*Rohm & Haas Co., Philadelphia, Pa. Sh a 
*Rubber Corporation of 
ville, Long Island, ae » A a al 
Sander, Monroe, Corp., The. Is 
° D, 4 P, Q) 
enec- 


Co,, Costa 
ipa 


City, N. ¥. 
Se henectady Varnish 


tady, N. Y. (E, L, N) . 


Shawinigan Resins Corp., Springfield, 
Mass. 


She — -Williams Co., The, New Yor 


an aa Corp., New Ls: WA @, 3) 
E. Berlin, Co 


*Stanley Chemical Co., mn. 
(Q) 
Stein Hall Co., Inc., New York, N. O} 
Styrene Products Ltd., London, entand 


(P) 
Synco Resins, Inc., Bethel, Conn. (L, x 
Synthetic Plastics Co., Newark, N. &, 0 
Synvar Corp., Wilmingto gton, Del. O) 
Thiokol Chemical Corp., Trenton, N 


Toepfer, Alfred C., Inc., New York, N. Y. 
U B S Chemical Corp., eo Mass. 


P) 
*Union Carbide International Co., i 
Union Carbide Corp., New Tok N N. y. 


*United States Rubber Co., New Yo . 
N. Y. (C, P) 
United States Stoneware Co., The, Ak- 
ron, Ohio 
\ — Chemical Corp., Niagara Fels, 
Vereinigte Chemische Fabriken Kreidl 
Rutter & Co., Vienna, Ausria (K, L, Q) 
*Watson-Standard Co., Pa. 
(C, D, E, Q) 


* licates Advertiser 


We Chemical Co., Feniga® mig N. Y. m 
Boston, Mass. 

Xplos Rubber Co., Div. of The Firestone 

Tire & Rubber, Akron, Ohio (C) 


EXPANDED (Foamed) PLASTICS 


* Allied Chemical Corp., National Aniline 
Div., New York, N. ¥; 
lied Plastics Co., Inc., E] Segundo 


Applied Resins Corp., N. Caldwell, Ny 
Ate Mineral Products Co., acriny 


Asel” gg © ene 
Brookl 
B. bow Co., 

*Badische mag gy leon _ Lud- 


wigshafen a. 
_ - aceon se Lumber te wag == New 7 


Seats Y Chemical Div., Food M 
and Chemical Corp., Buffalo, N. Y. (B) 
Carlon Products Corp., Plastic Industrial 
Products Div., Somerville, Mass. (F, K) 
Carwin Co., The, N. Haven, Conn. (F) 
Chemical and Engineering Associat 
Upper Darb y, Fi Pa (F, H, K 
— E. Providence, 


R 
a Fiber Glass Co., El we. 


F) 


Colton Chemical Co., Cleveland, Ghio 


Crest Chemical Industries Corp., Brook- 

lyn, N. Y. (K, L) 
Crystal Corp., Lenni Mills, Pa. (H) 
Custom Coatings Co., Los ‘Angeles, se 


D. ache R. Pilot Plants, Inc., Hazardville 


(B) 


Doo Chemical Co., St. Louis, ai 
*Dow Chemical Co., The, Midland, as 
Dow Corning Corp., Midland, Mich.” 


Dyfoam Corp., New Castle, Pa. 
*Dynamit-Actien-Gesellisc 
ee Nobel & Co., Troisdorf, C= 


Elastomer Chemical Corp., A Unit of 
Union Carbide Corp., Newark, N. J. 


Emerson & Cuming, Inc., mor Pag 3 


G, H) 

Federal Industries, Bellevillo’N J. (K) 
Flexible Products Co., Sisioha. o (K) 
Foam King, Inc., New York, N. Y. (K) 
*Foster Grant Co., Inc., Polymer Products 
Div., Leominster, Mass. (H, 1) 
Frank Plastics Corp., Detroit, Mich (Hw) 
Garan Chemical Corp., G na, Calif. 
General Plastics Mfg. Co., Tacoma, 
Wash. , F) 
*General Tire & Rubber Company, Bolta 
Products Div., The, Lawrence, Mass. 


(K) 

ee 5 B, F., Sponge Products, a 
ton, 

Industrial "Solvents & Chemicals, Inc., 

Wilkinsonville, Mass. (K) 


—— Chemical Industries Ltd., Lon- 
ene Baar x 5 (F) 
Interchemical Corp., Finishes Div., a 


ark, N (L) 
Ions Exchange & Chemical Corp., New 

York, N. F) 
a aie Sean Inc., Wilmington, 


i (F) 
Keller Products, Inc., Manchester, N. a. 
* ag Inc., Plastics Div., ~ 


L & P FTool Co., cased Ohio 

F, K) 
Lebec Chemical Corp., Paramount, Cali 
Magnolia Chemical Co., Roswell Ga. 


, F) 
aMabiene Corp., The, Long Island City, 
spe Pg ga Regulator Co. 


oy te Mfg. Corp., New ae, 
NY a (B } 


Products, Los Calif. 
——— Corp., Gary, Angeles 


onsanto 
Springfield, Mass. 


*Nopco Chemical Co., Harrison, oo Pe 
eee Chemical Co., Midland Park, 


N. J. 

Pelron Corp., Lyons, Ill. (F) 
Plasti-Foam Corp. .» Hoboken, N (H) 
Plastronic Engineering Co., Marlborough, 
Mass. (B, C, F, G) 

Poly Resins, Sun Valley, Calif. 
B, C, K, L) 
*Polyplastex United, Inc., Union, New 


ersey (L) 
Ralston, W. & Co., New Rochelle, a 
*Raybestos-Manhattan, Inc., 


*Reynolds Chemical Products Co., Ann 
Arbor, Mich. (F, K) 
Robinson Foams Ltd., Toronto, Ont., 
Canada (D, F) 
Robinson Moulded Products Ltd., 
Toronto, Ont., Canada (L) 
*Rohm & Haas Co., Philadelphia, Pa. (F) 
St. Regis Paper Co., Panelyte Div., New 
York, N. Y. (H) 
*Shell Chemical Corp., New York, N. ms 


Strux Corp., Hicksville, N. (A) 
Styrene Products Ltd., pe — 


*Swedlow Plastics Co., Los Angeles, Calif. 


Manheim, Pa. 
(G) 





Thiokol Chemical Corp., Trenton, N. DB 

United States ae Molding eed - 
Wallingford, Co (L) 

a States Rubber Co., New to 
N. 


we ‘States Rubber Co., Royalite Div., 
Chicago, Il. D, F) 
Vereinigte Chemische Fabriken, Kreidl 
Rutter & Co., Vienna, Austria (C, J) 
Wal-Mar Plastics, Inc., Torrance, Calif, 


B) 
*Watson-Standard Co., Pittsburgh, Pa. (K) 


EXTENDERS 


*Amoco Chemicals Corp., Chicago, Ill. 

*Badische Anilin- & Soda-Fabrik, Ludwig- 
shafen a. Rhein, W. Germany 

*Cabot, Godfrey L., Inc., Boston, Mass. 
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Campbell, Harry T., Sons’ Corp., Balti- 
more, 
*Chemische Werke .x A. G., Marl (Kr. 
Recklinghausen), W. 
Columbia-Southern <a Corp., 
Sub. Pittsburgh Plate Glass Co., Pitts- 
burgh, Pa. 
*Diamond Alkali Co., Cleveland, Ohio 
Disogrin Industries, Inc., Mt. Vernon, 
N. Y. (F) 
*Eastman Chemical Products, Inc., Kings- 
port, Tenn. 
*Hayden — Co., Wilmington, Mass. 
Huber, J Corp. -» New York, N. Y. 
*Johns- Manville New York, N. Y. 
*Minerals & Chemicals Corporation of 
America, Menlo Park, N. 
Mycalex Corp. of America, Clifton, N. J. 
*Nopco Chemical Corp., Harrison, N. J. 
ons &“Hieenas Co., The, New York, 


Stein Hall Co., Inc., New York, N. Y. 
Superior Materials, Inc., New York, N. Y. 
Thiokol Chemical Corp., Trenton, N. J. 
Weyerhaeuser Sales Co., Special Prod- 
ucts Div., Tacoma, Wash. 
*Witco Chemical Co., New York, N. Y. 


FABRICS 
(For Laminating) 


. Asbestos 

. Cotton 

- Dacron 

. Glass Cloth and Mat 
. Nylon 

. Orlon 

. Rayon 

. Misc. Synthetic 


American Feit Co., Glenville, Comp. 
F, G, H) 
Bean Fiber Glass, a. _ > Bean & 
Sons Co., Jaffrey, (D) 
Bortman Plastic: 0., 4 Mass. 
(E F, G, H) 
vermore, 
A, B, C, D) 
(D) 


*Coast Mfg. & Supply Co., 
Calif 
Duofold, Inc., Mohawk, N. Y. 
*Famco, Inc., Louisville, Ky. 
Felters Co. The, Boston, Mass. 
*Ferro Corp., Cleveland, Ohio (D) 
“—— _ Industries, Inc., sn 


(D 

F ay Scientific Co., Pittsbur, Pa. A} 
*Flightex Fabrics, Inc., New ork, N. By 
Glass Yarns and Deeside Fabrics Pi 
London W. C. 2, England (D} 
Harte & Co., Inc., New York, N. Y. (H) 
*Irvington Div., Minnesota Mining & Mfg. 
Co., St. Paul, Minn. (D, E 
Joanna Western Mills Co., Chicago, IIl. 


(B) 

*Johns-Manville, New York, N. Y. (A) 

H., & Co., Inc., New York, 5 & 

Leathertone, Inc., Boston, Mass. (G, H) 

Marmyte Co., Mundelein, IIl. (D) 
n— American Asbestos Corp., eee 


A 

~~ Joseph M. P., Mfg. Co., Pawtucket, 

I. C, D, E, F, G, H) 

Owens-Coming Fiberglas Cor 
York, N. Y. 

Pellon Corp. .» New York, YS 

B, C, E, F, G, H) 

*Plymouth Fibres, Broo yn} N. ¥. F, © 


C, E, 

*Raybestos-Manhattan, Ine” Menke 
Pa. (A, D 
Reeves Brothers, Inc., Plastic Div., New 
York, N. Y. (A) 
Rezolin, Inc., Santa Monica, Calif. (D) 
*Riegel Paper ‘Corp. .. New York, N. Y. (D) 
*Sandman, Eli, Co., Inc., Worcester, on 


rp., New 





a J. P., & Co., Inc., New York, 
Y. ‘B, C, D, E, F, G) 
Thaice, Los An Angeles, Calif. (D) 


*Troy Blanket New mn T. 
Turner Halsey Co., New ee 
United States Glass Fines Bee” a 


ter, Conn. D) 
—_— Sears Co., Inc., New York, 
N. B, C, E, F, G, H) 


F, H) 
G, BH) 


FABRICS, WOVEN 
(Plastic) 


American Rattan & Reed Mfg. Co., Div. 
of es Industries, Inc., Brooklyn, 
N. 


mt Plastics Co., Boston, Mass. 
Greenfield, David S., New York, N. Y. 
Harte & Co., Inc., New York, N.Y. 
Leathertone, Inc., Boston, Mass. 
Merlane Mfg. Corp., New York, N. Y. 
Reeves Brot - pi, Inc., Plastic Div., New 
York, N. 
*Sandman, el, Co., Inc., Worcester, Mass. 
Shamban, W > "and ‘Co., Culver City, 
Calif. 
*Wellington Sears Co., Inc., New York, 
MY. 


FIBERS & FILAMENTS, SYNTHETIC 
(Monofilament) 


sae 5s he Cyanamid Co., New York, 
N 
American Von, Philadelphia, Pa. 
Canadian Industries, Ltd, Montreal, 
Que., Canada 
*Celanese Corporation of America, New 
York, N. Y. 
Chemstrand Corp., New York, N 
Dawbarn Bros., - Waynesbor, Va. 
*du Pont de Nemours, E. & Co., Inc., 
Wilmington, Del. 
non ag § hemical Products, Inc., Kings- 
port, Tenn. 
*Firestone Plastics Co., Pottstown, Pa. 
*Foster Grant Co., Inc., Polymer Products 
Div., Leominster, Mass. 
*General Tire & Rubber Company’s Bolta 
Products Div., The, Lawrence, Mass. 
Greenfield, David S., New York, N. Y. 
*Im 1 Chemical Industries, Ltd., Lon- 
ion, Englan 
*National Plastic Products Co., The, Oden- 
ton, Md. 
7 ae M. P., Mfg. Co., Pawtucket, 


Rayon ' Processing Co., The, Pawtucket, 
R. I 


Reeves a Inc., Plastic Div., New 
York, N. 
Saran Yarns , a Otenion, Md. 
Toepfer, Alfred C., New York, N. Y. 
Union Carbide Chomdeale Co., Div. Union 
Carbide Corp., New York, N. Y. 
*United States Gasket Co., Camden, N. J. 


FIBRE, VULCANIZED 
(Sheets, Rods, Tubes, etc.) 


*Continental-Diamond Fibre Corp., New- 
ark, Del. 


-Actien-Gese vormals 
lied Nobal & Co Taso, W: Cat 
Franklin 1 Fibre-Lamitex Corp., Wilming- 


ton, De 
mong * Vuleanized Fibre Co., Wilming- 
ton, 
Reeves Brothers, Inc., Plastic Div., New 
T LS ny Fibre | Co: Norristown, Pa. 
*Tay mpanies, 
Toepfer, Alfred C., Inc., New York, N. Y. 


FILLERS 


Alpha Cellulose 
Carbon Black 
Chalk 


. Cocoanut Shell Flour 
Cord 


Fabric (Macerated or 
Chopped) 

Glass Fiber and Fabric 
Metallic 

Mineral (Abestos, Mica, 
Silica, Wollastonite, etc.) 


Sisa 
. Walnut Shell Flour 
Woodflour 


Agrashell, Inc., Los Angeles, Calif. (M) 
Aries ; <a Inc., Long Island 

City, N (K) 
Balsa ‘eeuader Lumber Corp., New York, 


Zzr ATs ROMO 


N.Y (N) 
Basic Plastic Materials, Inc., Winchester 
N. A, F, L) 
Bean Ther Glass, Div., D. D. Bean & 
Sons Co., Jaffrey, N. H. (I) 
Brown Co., Boston, Mass. (A) 
Buckeye Cellulose Corp., Memphis, Tenn. 
(A) 

*Cabot, Godfrey L., Inc., Boston, — 
B, K) 
Campbell, Harry T., Sons’ Corp., Balti- 
more, Md. (K) 
Carbon Dispersions, Inc., Newark, N. J. 
(B) 
Chemical Industries, Unit of E. F. Van 
Winkle, Pasadena, Calif. (K) 
*Chemische Werke Huels, A.G., Mar! (Kr. 
Recklinghausen), W. Germany (B) 
— aes & Supply Co., — 
Columbia-Southern Chemical Corp., Sub- 
sidiary Pittsburgh Plate Glass Co., 
Pittsburgh, Pa. (K) 
Composition Materials Co., Inc., New 
York, N. ¥. (A, D, E, F, H, L, M, N) 
ners Chemical Co., Wallingford, 
(A, E, F, G, H, L) 
Delta | Chemical Works, "Inc., New York, 
(A, B, J, K) 
Preach Alkali Co., Cleveland, Ohio (C) 
Doggett, Stanley, Inc., New York, Ms ): 
) 
Eagle-Picher Co., The, Cincinnati, = 
(K) 


*English Mica Co., The, Stamford, ~~ 
*Famco, Inc., Louisville, Ky. (I) 
*Ferro Corp., Color Div., Cleveland, ~* 


eo " nao Industries, Inc., panne, 
Frouklin Mineral Products Co., a" 
C. 


N. 
General Fibre Co., Inc., Walpole, Mass. 
A, E, F, H, L) 
*Georgia Kaolin Co., Tae viens ‘N. J. ®) 


Haveg Industries, Inc Wilmington, 
ear tg Standard Chemical Co., Akron 
Ohi "(H, M) 


Hayden Mica bag Wilmington, Mass. (K) 
*Hommel, O., .. The, Pittsburgh, Pa. - 


J, 
Huber, J. M., Corp., New York, N. x 
Hummel Chemical Co., New York, N. i 


Tona- 


F, H, N) 


‘ Fi 

wanda, N. Y. (A, 
International Textile Co., Gtk . 
iohns-Manville, New York, N ®) 
POF. Glass Fibers Co., Fahy Ohio (1) 
Laminar ., Greenwich, Conn. (C, K) 
Landers-Segal Color Co., wee x 





Lignum Chemical Works, The, Lon 
Island City, N. Y. N 

Long-Bell Div., International Paper Co. 
Longview, Wash. ( 

Miller, Frank, & Sons, Chicago, Ill. (N) 

*Minerals & Chemical a eee of 
America, Menlo Park, N. J. (K) 

Mycalex Corporation of America, 
ton, N. 

North American Asbestos Corp., Chi- 
cago, I 

Owens-Coming Fiberglas Corp., 
York, » a 


N ) 
Philadelphia Quartz Co., sears 
Pa 


xPittsburgh Plate Glass Co., Fiber Glass 
Div., Pittsburgh, Pa. (D 
Plastics Materials Corp., S. ae 


Me. 
Pleuss- Cate (North American), 
York, N 
Plymouth Industrial Products, Inc., She- 
boygan, (K) 
*Plymouth Fibres, Brooklyn, N. Y. 
(F. > H, I, L) 
Powhatan Mining Co., age a Md. (K) 
*Raybestos-Manhattan, Inc a i 
*Rayon Processing Co., ™ Pawtuck i 
R. 1. . J, L 
Rezolin, Inc., Santa seen eit te 
Sirotta, Bernard, Co., Brooklyn, YY 
(D, M, N) 
Smith Chemical & Color Co., Inc., Brook- 
lyn, .N. Y. (C, K) 
Southern Clays, Inc., New York, N. Y. 


(K) 
*Standard-Union Fibre Co., ner, 


Pa. a 
Stein Hall Co., Inc., New York, N. Y. (L) 
Superior Materials Inc., New York, NS 

K 
Tennessee Products & Chemical Corp. 

New York; N. Y. (K) 
Thalco, Los Angeles, Calif. (D 
United Carbon Co., Inc., Charleston, W. 


New 


New 


Va. (B 
United a Glass Fiber Co., Manches- 
ter, (D 
Wey Bxnace® Sales Co., Special Products 
Div., Tacoma Wash. ) 
Whittaker, Clark & Daniels, Inc., New 
York, N. Y C, K) 
*Witco Chemical Co., New York, N. Y. (B) 
Wood Flour, Inc., Winchester, N. (N) 


FILM PLASTIC 
(Sheeting and Rolls) 


Coiegions (Regenerated Cellulose) 
Cellulose Acetate 
. Cellulose Acetate Butyrate 
. Cellulose Nitrate 
Cellulose Propionate 
Cellulose Triacetate 
. Ethyl Cellulose 
Fluorocarbons 
Multidirectional Stretched 
Nylon (Polyamide) 
- Polyethylene 
. Polyethylene Terephthalate 
. Styrene Polymers and Copolymers 
. Polyvinyl Acetate 
Polyvinyl Alcohol 
Polyvinyl Butyral 
. Polyvinyl Chloride 
. Polyvinyl Chloride Acetate 
Polyvinyl Chloride-Vinylidene Chloride 
: ee bene: we f 
um Carboxymethyl Cellulose . 
. Bi-axially Oriented 


Acme R Corp., 

* Allied Chemical Gore egy he ew nl Chl 

Div., New Yok N. — (H) 
— Plastics e 


at ath Rated 


* Indicates Advertiser 


£ 
. 4 
g. Co., New Or- 
leans, La. > G, O) 
*xAmos Molded Plastics Div., Amos- 
Thompson Corp., Edinburgh, Ind. (K) 
Aristocrat Plastics, Inc., Newark, N. J. 
(B, G, H, J, K) 
Armen, Inc., Long Island City, N. Y. (H) 
*Auburn Plastics Engineering, Chicago, 
Ill. (B, C, H, K) 
BX Plastics Ltd., London, England 
F, K, M, Q, S) 
*Bakelite Co., Div. of Union Carbide 
Corp., New York, N. Y. (P, Q, R) 
*Barron, J. E., Plastics, Inc., Ooms 
Ohio (B, C, 7 H, J, K, M, P,Q, R 
Bios Laboratories, Inc., New York, N. 
(B, C, D, G, H, I, K, L, M, P, Q, T, Uj 
Blum, Paul, Co., Buffalo, N. Y. (B, D) 
Borden Chemical Co., The Div. of The 
Borden Co., New York, N. X% (O, Q) 
Borden Chemical Co., Div. of The Bor- 
den Co., Resinite Dept., Santa Bar- 
bara, Calif 
*Cadillac Plastic & Cout Co., <<" 
Mich., B, C, H, J, K M, Q) 
*Campco, Div., dines Molded "Broducre 
Corp., Chicago, Ill. (B, C, G, J, K) 
Canadian General-Tower Ltd., Galt, 
Ont., Canada (Q, R) 
Canadian Resins and Chemical, Ltd. 
Montreal, Que., Canada (K, Q BR 
Canton Containers, Inc., Canton, , . 


(K) 
Carlon Products Corp., Cleveland, Ohio 


(K, Q) 


Carmer Kenilworth, 
(H) 


Industries, Inc., 
Carolina Industrial Plastics Div., Essex 
Wire Corp., Mt. Airy, N. C. (Q) 
*Celanese Corporation of America, New- 
ark, N. J. (B, F, K) 
Cheslam — St. Regis Paper Co., Yon- 
kers, N. Y (A, K) 
*Chicago Molded Products wt Chi- 
cago, Ill. G, K, M) 
Clopay Corp., Cincinnati, Ohio (K, Q) 
Columbus Coated Fabrics Corp., oe 
bus, Ohio (Q, R, S) 
*Commercial Plastics & Supply Corp., 
New York, N. Y. (B, H, J, K, Q) 
*Continental Can Co., New York, N. Y. 


(K) 

Continental Can Co., Shellmar-Betner 
Div., Mt. Vernon, Ohio (Jj, K) 
*Continental-Diamond Fibre Corp., New- 
ark, Del. (H) 
Continental Extrusion Corp., Brooklyn, 
N. Y (K) 


*Contour 
N. Y. 
Crane Packing Co., Morton Grove, a 
H 


Crystalx Corp., Lenni Mills, Pa. 
, C, H, K, M) 
*Davis, Joseph, Plastics Co., Arlington, 
N. J. ,C, D, G, K, M, 0, B) 
Deerfield Plastics Co., Inc., S. Deerfield, 
Mass. (K) 
Dielect, Inc., Edison, N. J. (M) 
Dixon Corp., Bristol, R. I. (H) 
*Dow Chemical Co., Midland, Mich. 
, M, S, T) 
*du Pont de Nemours, E. L, & o'L Inc., 
Wilmington, Del. (A, S 
*Dynamit-Actien-Gesellschaft, 
Alfred Nobel & Co., Troisdorf/Koln, 
eee ee D, J, K, M, Q, R) 
*xEastman Kodak Co. , Rochester, =m 
(B, C, F) 
Ellay Rubber Co., Inc., Los An eles, 
Calif. (Q, R) 
Elm “— ed Fabrics Co., Inc., » New York 
wR Ee Inc., Hawthorne, Calif (K) 
Extrudo Film Corp., LLCN.Y. &) 


Extrusion Co., Mamaroneck, 
K 





Fabric Leather Corp., New York, a 7: 
Favorite Plastics Corp., Brooklyn, N. Y. 


(K) 

Federal Industries, Belleville, N. J. 
*Firestone Plastics Co., Pottstown, : 
K, L, Q, R) 
*Foster Grant Co., Inc., Pelion Products 
Div., Leominster, Mass. (J) 
Foster Grant Co., Inc., Leominster, Mass. 
(B, C, j, K, M) 
Freeport Plastic om Corp., Freeport, 
Long Island, N. B) 
Gaylord Packaging a S. ace 


soconli Plastics Corp., Marion, Ind. (0) 
*General Tire & Rubber Company’s Bolta 
Products Div., The, Lawrence, Mass. 
(K, N, Q, R) 
*General Tire & Rubber Co., Respro Div., 
Cranston, R. I. (Q, R, S) 
ring Products Inc., Kenilworth, N. J 


(K) 
Goodrich, B. F., Industrial Products Co.., 
Akron, Ohio Q) 
Gordon-Lacey Chemical Products Co., 
Inc. Maspeth, Long Island, N. Y. 

R, 3, % 

Greenfield, David S., New York, N. 
(I, O, R, 5 
H & R Industries, Nazareth, Pa. J, K) 
Halogen Insulator & Seal Corp., Frank- 
lin Park, DL. ” 

Harte & Co., Inc., N. Y., N. Y. (K, 
Haveg Industries, Inc., Wilmington, Dal. 
se Sales Engineers, New York, 
7. (B, C, L, M) 
kD Mfg. Co., New York, x 6) 
Jet Specialties Co., Inc., Los i 
Calif. (B, C, K, M) 
Joanna Western Mills Co., Chicago, x 


Kal Plastics, Inc., Beaverton, Mich. 
Kaykor Industries, Inc., Yardville, ay ™ 


om Manufacturing Corp., Ya 
. J. (K, Q, R, S) 
Kendall Co., The, Polyken Div., Ch lcago, 


aon Packaging Service, Eastor, Pa. 


*Koppers Co. Inc., Plastics Div., Pitts- 
burgh, Pa. (K) 
L & P Tool Co., Cincinnati, Ohio * Q) 
Labelon Tape Co., Inc., Rochester, N pe 


) 

Linehan and Co., Dallas, Texas (B, C) 
Marbek Inc., Brooklyn N. Y. (Q) 
Mazzucchelli Celluloide S. Pp. A., a 
Italy (A, B F, M) 
Micron Plastics Corp., Brooklys’ N = 


(K) 

*Midwest Plastic Products Co., Chicago 
Heights, Ill. ‘B, C, K) 
Mirac Adhesives Corp., Bellmore, sLong 


Island 
*Mono-Sol Corp., Gary, Ind. (O, Q) 


*Monsanto Chemical Co., Plastics Div. 
Springfield, Mass. (B, P, 9} 
— Kasei Chemi Co., Tokyo, 


) 
*Mtachistein, H., & Co., Inc., New York, 
N.Y (Q,R 
Multi-Stretched Fiims, Inc., Chicago, * 
*Naugatuck Chemical Div., United States 
Rubber Co., Nau atuck, Conn. (Q) 
Natvar Corp., ” Woodridge, N. J. (i, M) 
*Nixon Nitration Works, enka te * 
(B, C x, 9 a 

Olin Mathieson Chemical Ftd * 
Div., New York, N. Y. (A, = 
— Rubber Corp., Winchester, 
PVA Industries, yy Fang N. Y. (O, 9} 


Pearson Industries, Island City, 
N. Y. (Q, R) 
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gr & wenchgnne Inc., New Brunswick, 
N 

Plastex Process Co., Maywood, N. 
Plastic Laminating. Corp. i. Vaux 


Plax Corp., Hartford, Conn. 
Plicose Mfg. Corp. Brooklyn, N ; 
— Plastic ucts, Inc., Paterson, 


J. (K) 
Poly-Cell Plastics Co., Smithtown, Long 
Island, N. Y. «, M) 
*Polymer Corp. of Pennsylvania., The 
Reading, Pa. (H, yp 
Polypenco Inc., Reading, Pa. OF J) 
Portage Plastics Co., Inc., Portage, Wis. 
- 


Printon Corp., 4 ram, N. Y. (A, B, 
C, F, G, K, M, oO, 2, $s, T, Ls, 
Protective Lining adhe Brooklyn, N. ¥ p 


(K, Q) 
Ralston, W., & Co., New Rochelle, N. Y. 


Rand Rubber Co., Brooklyn, N. Y. 
*Raritan Plastics Corp., Paterson, 


( 
Reeves Brothers, Inc., Plastic Div., 

York, N. Y. J) 
*Reliance Plastic & Chemical Corp., Pat- 
erson, N. J. (K) 
Resincraft Plastics, Inc., Chica a Ill. (Q) 
Reynolds Metals Co., Plastics » Grot- 
toes, Va. . "0, Q) 
Ross & Roberts, Inc., a, S Conn. 
Q, R, S) 
*Rotuba Extruders Inc., Brookl nN = 
B, K, Qj 
Rowland Products, Inc., Kensington, 
Conn. (B, C, D) 
*Rubber Corporation of America, et 

ville, Long Island, N. Y. (Q, 
nae Plastic Fabrics Corp., Broo — 
» f Q, R) 
St. ‘ae Paper Co., Panelyte Div., New 
York, N. Y. (A, B, K, M) 
*Scranton Plastic Laminating Corp., 
Scranton, Pa. (B, C, F, K, N, Q, R) 
*Seiberling Rubber Co., Newcomerstown, 
Ohio M, Q, R) 
Shamban, W. S., and Co., Calves City, 
Calif. =, J) 
*Southern Plastic Co., Columbia, S. C. 
(B, C, E, G, H, J, K, M, N, P, 0, R, T) 
Surprenant Mfg. Co., Clinton, Mass. (R) 
i Tape Corp., New meena 
) 


N. 
Teitelbaum, N., Sons Inc., New York, 
N. 


A BDEKMNO , Q, R, S, T) 
Thalco, Los Angeles, Calif. (O, Q) 
Toepfer, Alfred C., Inc., New York, N ps 

J) 

Trimount Plastic Co., Inc., Arlington 
Mass. (C, M, N, Q, R) 
*Union Carbide International Co., Div. of 
Union Carbide Corp., New York, N. Y. 

» N, Q, R) 

Cae States Acoustical Laboratories, 
Long Island City, N. Y. (Q, R) 
United States Gasket Co., Camden, N. J. 
(H) 

Vernon Plastics Corp., Lynn, Mass. (Q) 

*Waljohn Plastics Inc., Brooklyn, N. Y. 
(K, Q, R) 

Wasco Products, Inc., Cambridge, Mass. 
(K) 


GLASS, FIBROUS FOR 
REINFORCEMENT 


A. Manufacturers 
B. Weavers 
C. Impregnators and Coaters 
Apex Reinforced Plastics Div., White 
Sewing Machine Corp., Cleveland, 
Ohio (C) 


* Indicates Advertiser 
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ay Inc., Long Island City, N.Y. (C) 
Bean iber Glass, Div. D. B. Bean & 

Sons Co., — = N. H. (B) 
per * Mfg. & Supply Co., Livermore, 


yoy Po Coated Fabrics Corp., Colum 

us 

Continental Can Co., Inc., Shellmar- 
Betner Div., Mt. Vernon, Ohio (C) 

ag Molding Products, Inc., New “Oo 


Electro: Technical Products, 
Chemical Corp., Nutley, N. ae 
*Fabricon Products Div., 
River Rouge, Mich. 
*Famco, Inc., Louisville, Ky. 
— M. J., & Co., Inc., Brookl 


tiene a Cleveland, Chip (A, B) 
— Glass’ Industries, Inc., Amsterdam, 


(A, 
Flovion Products, E] Monte, Calif. {C) 
*Flightex Fabrics Inc., New veeetny 


( 
Haveg Industries, Inc., Wilmington, Del. 


(A, C) 

Irvin min Co Div., Minnesota & 
St. Paul, Minn. (C) 

Keller — , Inc., Manchester, N. H. 


(C) 
L.O.F. Glass Fibers Co., Toledo, or 


A) 
*Mica Insulator, Div. of Minnesota or 
ing & Mfg. Co., Schenectady, N 


C 
*Microcell, Ltd., London W.C. 2, Bagiene 


A, C) 
— Fibers, Inc., Florham sig” 
J. ) 
Nines Resins & Coatings Co., Costa 
Mesa, C (C) 
es Joseph M. P., Mfg. Co., » Porta 
Sb A 
Fiberglas Corp., arr 
*Pittsburgh Plate Glass Co., Fiber Glass 
Div., Pittsburgh, Pa. (A) 
*Polyplastex United, Inc., Union, N. é 


Printon Corp., New York, N. Y. C) 
*Raybestos-Manhattan, Inc., —— 3 
Rezolin, Inc., Santa Monica, Calif. *(A) 
*Sandman, Eli, Co., Worcester, Mass. (C) 
‘Standard Insulation Co., E. huthestord, 
N. 
a J. P., & Co., Inc., New York, 
N. Y. (B) 
Texas Glass Fiber Corp., Grandview, 


Texas A) 
Thalco, Los Angeles, Calif. (B) 
United States Glass Fiber Co., Manches- 

ter, Conn. (A) 


GLASS, RESIN LOADED 
(For Molding) 


Acme Resin Corp., Forest Park, Ill. 
*Coast Mfg. & Supply Co., Livermore, 


if, 
es Products, Inc., 


*Fabricon Products Div., 
—2 River Ore Wacee, joe 
*Fiberite Ac g Boe 

International Textile Co., ae. = 
*Irvington Div., Minnesota 

Mfg. Co., St. Paul, Minn. 

Keyes Fibre Com y, Waterville, Me. 
*Pittsburgh Plate Glass Co., Fiber Glass 


Div., Pittsburgh, Pa. 

—— , Pe Pa. 
olyplastex United, 

*Raybestos- ae Inc., berm ey Pa. 

*Sandman, Eli. Co. , Worcester, Mass. 

— .. E. Ru 


New 


Eagle-Picher 


GLUES 
(See Adhesives) 


JOBBERS 
Acme Laminating & Plastic Co., Detroit, 


Mich. 
Allied Plastics Supply Corp., N. Y., N. Y. 
*xAmerican Molding — & Chemicai 
Corp.,. Brooklyn, N. Y. 
Amco Plastic Materials Inc., -Brooklyn, 
N. Y. 
Aristocrat Plastics, Inc., oma, a NF 
* Auburn —— Engineering, Chica 
., Plastics, Inc., bey 


. Ohi Fi 
oO 
Cadillac Plastic & Chemical Co., Detroit, 
Mich. 
2 ham & Supply Com, 


New York, N. Y 
*Davis, Joseph, Plastics Co., Arlington, 


N. J. 
pens Hiest a Co., Inc., New 


Everlite Con Seattle, Wash. 
*Gering Products, Inc., Kenilworth, N. J. 
ae ye Plastics Industries, Inc., Seat- 


*Mue i. & Co., New York, N. Y. 
nchlsten, , Denver, Colo. 
Plastic Suppliers & acturers, Baton 
Rouge, La. 
Schramm Fiberglass Products, Inc., Chi- 
cago, Ill. 
Technicraft Co., Boston, Mass. 
*Transilwrap Co., Chicago, Ill 


LATEX, RESIN 
(See Emulsions and Dispersions) 


Adhesive Products Corp., New York, 
Y 


N. Y. 
*Bakelite Co., Div. Union Carbide Corp. 
ag fe ni ee York, N. Y. 
i ew Yor 
Borden Seed Ge The, A Div. of 
The Borden Co. Cr Yk, N. Y. 
*Celanese Corp. of America, Plastics Div., 
Fe ey asta I New York, N. Y. 
iba ew Yor 
= & Almy Chemical Co., Div. of 
W. R. Grace & Co., Cambridge, Mass. 
*du Pont de Nemours, E. L, & Co., Inc., 
Wilmington, Del. 
*Firestone Plastics Co., Pottstown, Pa. 
B. F., Industrial Products, Ak- 
ron, Ohi 


Goodyear Tire & Rubber Co., The, Ak- 
ron, Ohio 

Industrial Adhesives, Boca Raton, Fla 

as Adhesives Corp., Brooklyn, 


Adhesive & Chemical Corp., 


Midiend 
Ferndale, Mich. 
*Monsanto Che Co., 
Inc., New 


National Starch Products, Inc., 
York, N 
* Naugatuck Bonde P nay U. S. Rubber 
Co., Naugatuck, Conn. 
Polymer Industries, Inc., 
Rubba, ‘Inc., New York, N. 
U.B.S, Chemical Corp., 
Mass. 
LOW PRESSURE LAMINATING RESINS 
Acme Resin Corp., Forest Park, Il. 
*Allied Chemical Corp., New York, N. Y. 
Plastics & Coal Chemicals Div. An- 
erican Alky Industries, Carlstadt, \. J. 
—S Cyanamid Co., New York, 
N 
Reinforced Plastics Sales, Los 


Angeles, Calif. 
*Atlas Powder Co., Wilmington, De! 


Springfield, 
York, 


Mass 
Mor nit ngstar -Paisley, 
N. -Y 


New 


Springdale, 


as 





* Bakelite On Div. 7 Union Carbide 
Corp., New Yo 

British Resin Ltd., London, 
England 


xC a Corporation of America, New 


Ciba Co., Pa. 
Columbia-Southern Chemical Corp., 
Pittsburgh, Pa. 

Dow Cornin —— 

Emerson & 
xGeneral Electric me. 

General Tire & Rubber Co., Akron, Ohio 
*Clidden Company, Ohio 
*Hooker E Co., ae Plas- 

tics Div., N. Tonawanda, N. 

Interchemical Corp., Finishes be New- 

ark, N. 
Ironsides Resins, Inc., Col Ohio 
Lawrence Adhesive & Co., 
Inc., Lawrence, Mass. 
Loven Chemical of California, Newhall, 
Cali 
Mol-Rez Div., ree ong «Al Petrochemical 
Corp., Minneapolis, M 
nro, S. Rubber 


*Naugatuck Che 
Co., Naugatuck Conn. 
xPittsburgh Plate cha < Co., Paint Div., 
Pittsburgh, Pa. 
*Reichhold C a, White i apa N. Y. 
Ren men os 
Co., tw Pa. 
a. 


Cante: Mass. 


*Robertson, H. H., 

*Rohm & Haas Co., Philadel P. 

Sherwin-Wililams €o., PC Div., 
New York, N. Y. 

Specialty Resins Co., Lynwood, Calif. 

Synco Resins, Inc. Be 1, Conn. 

Synvar Co , Wilmington, Del. 

Union Carbide Corp., Silicones Div., 
New York, N. Y. 


LUMINESCENT PLASTICS 


Aacon Industries, Inc., Brookl N. Y. 
*American Molding Powder & 
Corp., Brooklyn, N. Y. 
Bios Laboratories, Inc., New York, N. Y. 
*C — Plastic & Chemical Co., Detroit, 
Mich 
Interplastics Corp., New York, N 
Opel, Geo. von, Corp., New w York, N. > 
Pasley’s Plastic P, ucts, Inc ., Atlanta, 


Ga. 

*Plastics Color Co., Chatham, N. J. 

*Reed Plastics Corp., Worcester, Mass. 
Ross & Roberts, Inc., Stratford, Conn. 
Styrene Products Ltd., London, E d 
U. S. Radium Corp., ” Morristown, J. 
Wasco Products, Inc., Cambridge, Mass. 


MOLDING AND LAMINATING 
BOARDS AND BLANKS 


ae Products Corp., New York, 
lied ‘Plastics Supply Corp., New York, 


Bucketalt Co., The, egy Wis. 
Capac Industries, Inc., ©, Mich. 
C 7 ago Price Tag Mie. , Chicago, 


Consolidated Paper Co., Monroe, Mich. 
*Continental-Diamond Fibre 


irk, Del. ts 
( rowi, Charles, Co., El Monte, Calif. 
* Dynamit-Actien-Gesel vormals 
\lfred Nobel & Co., Troisdorf, W. Ger- 
many 
*Fiberite Corp., The, Winona, Minn. 
Flexfirm Products, El Monte, Calif. 


Franklin Fibre-Lamitex Corp., Wilming- 
ton, Del. 


Keller Products, Ine., Manchester, N. 3 
Opel, Geo. von, Corp., New York, N. 


licates Advertiser 


Plastronic Engineering Co., Marlborough, 
ass, 
Ren Plastics, Inc., Lansing, Mich. 
Corp., Rogers, — 


Inc., New York, N. 
Ruse Reinforced Plastics, * PE 


N. 
Woutinighouse Micasts Div., Hampton, S.C. 


MOLDING COMPOUNDS, 
MANUFACTURERS OF 


A. Acryiate and Methacrylate 
B. Acrylonitrile-Resin Rubber 


Fluorocarbons (Halogenated Ethyl- 


Zan 
te 


elamine 
Nylon (Polyamide) 
. Phe nolic 


. Polyethylene 
. Po pylene 

. Premix (Class-Polyester) 
Shellac 


S. Silicone 

T. Styrene and medified styrene 
U. Styrene Copol 

V. Urea—F hyde 

W. Vinyl Acetal 

X. Vinyl Acetate 

Y. Vinyl Alcohol 

Z. Vinyl Chloride 
AA. Vinyl Chloride-Acetate 
BB. Vinyl Chloride-Vinylidene Chloride 
CC. Vinyl Formal 
DD. Vinylidene Chloride 


A pt Om F = °Park, ill a) 

cme Resin ‘orest Par 

*Allied Chemical Corp General Chemi- 
cal Div., New York, N. Y. (K) 

*Allied Chemical Corp., Semet-Solvay 
Petrochemical Div., New York, N. Y 


) 

x Allied Chemical Corp., coc gh & A ox 
Chemicals Div., New ee 

Mi, N, 6, V) 


Allied Plastics Supply PA nt New York, 
NY. DE LJ, K M,N O, P. 
. T, U, X, ¥, Z, AA} 

Allied Resins Inc., Conneaut, Ohio 
(Z, AA, CC) 
Ain Chemical & Plastics Corp., New- 


N. J. (P, Z) 
American Cyanamid Co., New York, 


Amco Plastic non 
N. Y. * B, D, E, F. 
*American M 
Brooklyn, N 


Corp., pa 
A, D, E, J, N, P, T, U, Z) 
American-Marietta Co., Adhesive, Resin, 
& Chemical Div., Seattle, Wash. (I) 
on Plastics Co., Inc., El —— 


a> Plastic Products, Co., Inc., ng 


BRON“ PREP a 


B 
. P, T, U, Z) 
olding Powder & ‘Chemical 


and, Ohio 
Aristocrat Plastics, rg Newark, 8 
(A, D, E, K, 0, ®, o 
*Atlas Powder Co., Wi mingon 
BX Plastics Ltd., London dang U) 


*Badische Anilin- and Soda-Fabok. AG, 
Ludwigshafen, W. German 

(N, P, Y, BB, DD) 

*Bakelite Co., > a amy Carbide ng 


New York, 
Mt x oO, oe T, U, Z, AA) 
Bamberger, Claude P Ridgefield 
Pk., N. J. "CDE P, T, U, N) 
"Belding Corticelli Industries B® T, York, 


Blane Co Cossen, xan (P, Z) 
os. ag 


Blum, Pa 
(A, D, E IN 
Borden Chemical Co., by 

The Borden Co., New Y 


B, Z, 
Brilhart Plastics, Mineola, N. Y. 

British Geon Ltd., London, wren 
British Resin Products Ltd., London, 


om O) 
Plastic & Chemical Co 
om ag (I, Q, U ) 
Canadian Ltd., 
Montreal, "Ou Canada (Z, AA) 
Carver Corp., S . Boston, Mass. 
*Catalin Corporation of i 
York, N. Y 
*Celanese 
Newark, N. 7 
Chemical Coatings & 
Inc., Media, Pa. 
Development Corp., _s. 
) 
Chenieal and Engineering Associates, 
Upper Darby, Pa. (Z) 
— Products Corp., E. Erie, 
Chemihche Werke ae Ag. Marl, W. 
5% AA, D) 
Panes ee New yok N (PP) 
SS Fiber Glass Co., Pi a 
Collins, Caldwell & Dague, Inc., Para- 
mount, Calif. (Z, AA, BB) 
Colton Chemical Co., Div. of Air Reduc- 
tion Co., Inc., Cleveland, Ohio (X) 
*Continentel-Diamood F ibre Corp., nor 
ark, De 
Cordo —a = Products, New York oO) 
~~ Petroleum Corp., Big Spring. 
(T) 
*Dee Joseph, oe 2 aa 
; ) 
*Decar 


-U,Z 
lastic "heed Middleton, Wis. 
(O, M) 
Delta Chemical Works, iso ed York 
23, N. Y. (A, B, C, D, E, ee ae 
j. oR S) 
Dennis Chemical Co., St. Louis, Mo. 


(I, Z, BB) 
*Diamond Alkali Co., Cleveland, rie 
(AA) 
*Devcon Corp., Danvers, Mass. WD) 
Dixon Corp., Bristol, R. I. (K) 
*Dow Chemical Co., Midland, Mich. 
, T, U, Z, BB, o: 
Dow Corning Corp., Midland, Mich. (S) 
*du Pont de Nemours, E. L., & Co., Inc. 
(A, D, K N, P) 
Duramic Products, Inc., New York © (I) 
*Dynamit-Actien-Gesellsch aft. ar ame 
Alieed Nobel & Con Troisdorf, W. Ge 
M, O, T, V, Z, AA) 
*Eastmen Chemsnt Roket Inc. Kings- 
port, Tenn. (D, E, F, P) 
Electronic Mechanics, Inc., Clifton, ND: 
) 
Ellay Rubber Co., Inc., Los Angeles, 
Calif. (Z, AA) 
Emerson & a + ~ ea: Mass. (I) 
*Erie Plastics Co., 
A D. "KE, N, P, T, Z) 


_ 

*Farbwerke Hoechst AG. vormals Meister 
Lucius & Bruning, Frankfort/Maine- 
Hochst, W. Germany (K, P, Y, Z, AA) 

*Fiberite Corp., The, Winona, Minn. 


(M, O) 
*Fiberite Corp., Chicago, Il. (M, O) 
*Firestone Plastics Co., ances > 
» Z) 

Flexible Products Co., Marietta, Ga. 
(Z, AA) 


*Foster Grant Co., Inc., i Mass. 
T, U) 
*Furane Plastics, Inc., Los Angeles, Calif 


G.S. Plastics Co., Cleveland, Ohio (I, Z) 


Gem City Trading, Dayton, Ohio 
, E, P, T, VU) 
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*Gering Products Inc., Kenilworth, N. J. 
(D, E, ’N, ae Os Z, ) 

Glaskyd, Inc., Perrysburg, Ohio’ (C) 
Goodrich, B. F., Chemical Co., Cleve- 
land, Ohio (Z, BB) 
Haveg Industries, Inc., Wilmington, Del. 
Hays Mfg. Co., Erie Pa. (Q) 
*Hercules Powder Co., .Wilmington, Del. 
P, PP) 

*Hooker Electrochemical Co., Durez Plas- 
tics Div., N. Tonawanda, N. Y. (H, O) 
*Imperial Chemical Industries Ltd., Lon- 
don, England (A, M, O, X) 
Industrial Plastic Co., Metuchen, N. J. 


(P) 
International Textile Co., Chicago, IIl. 


*Interplastics Corp. ", “"% York, N. Y. 
», E, J, P, T, U, Z) 
Isochem Resins en. ‘Providence, R. L. 
(I, Q, U) 
*Jersey City Chemical Div., Minnesota 
Mining & Mfg. Co., Jersey City, N. J. 
(K) 


*Koppers Co., Inc., 
burgh, Pa. (T) 

L & P Tool Co., Cincinnati, Ohio  (Z) 
Lawrence Adhesive & Chemical Co., 
Inc., Lawrence, Mass. (D 
Loven Chemical of California, Newhall, 
Calif. (M, O, Q, V) 
Liquid Nitrogen Processing Corp., Ches- 
ter, Pa. (K) 
*Marbon Chemical Div., Borg-Warner 
Corp., Gary, Ind. (U) 
Mazzucchelli Celluloide S.p.A, Varese, 
Italy (D, T, VU) 


> > 


Melamine Plastics, Inc., Winona, Minn. 


Plastics Div., Pitts- 


(M) 

Mesa Plastics Co., Los Angeles, Calif. (H) 
Mica Corp., The, Culver City, Calif. (I) 
Molded Products, Inc., Los Angeles, 
Calif. (B, Z, AA, BB) 
*Monsanto Chemical Co., Plastics Div., 
Springfield, Mass. (O, M, P, T, U, Z) 
— H, & Co. Inc., New York, 
(A, D, E, N, P, T, U, Z, AA) 

Muliiplastice Inc., Wallingford, = 
Munray Products Div., The Fanner Mfg. 
Co., Cleveland, Ohio (Z) 
*National Vulcanized Fibre Co., Wil- 
mington, Del. I, M, N) 
*Naugatuck Chemical Div., U.S. Rubber 
Co., Naugatuck, Conn. (B, U, Z) 

1, Geo. von, Corp., New York, N. Y. 

(D, N, O, X, Z) 

Parcloid Chemical Co., Midland Park, 
N. (Z, AA) 
Pelron ‘Corp., Lyons, Ill. (Q) 
Pitt-Consol Chemical Co., Newark N63) 


Plastic Suppliers & Manufacturers, Baton 
Rouge, La. (A, D, N, P, Q) 

*Plastics Engineering Co., Mar Iborough 
Wis 


Plastronic Engineering Co., Marlborough: 


Mass. (I 
*Plumb Chemical Corp., ern 1 
Pa. 4 
Premier Thermo Plastics Co., Jefferson- 

town, Ky. AA) 
*Raybestos-Manhattan, Inc., Reinforced 
Plastics Dept., Manheim, Pa. (I, O, S) 
*Reed Plastics Corp., Worcester, Mass. 
(A, B, C, D, E, F, vii M, N, O, P, R, 
Ren Plastics, Inc., Lansing, Mich. (D 
*Reynolds Chemical Products Co., Ann 
Arbor, Mich. (Z) 
Robinson Moulded Products Ltd., Tor- 
—— Ont., Canada Z) 
oo ay Corp., Rogers, Conn. (O) 
*Rohm & Haas Co., Philadelphia, Pa. (A) 
Rotuba Extruders, "Inc., Brooklyn, N. Y. 


(D, Z, AA) 
Rubba, Inc., New York, N. Y. (BB) 
*® Indicates Advertiser 
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*Rubber Gupention of America, Hicks- 


ville, N. Y (Z) 
Seamco Chemical Co. Holyoke, Mass. (T) 
Shamban, W. S. and Co., Culver City, 


Calif. (K, N) 
Shell Chemical Corp., New York, N. Y. 


Shuman & Sons, —_ ag 


D, J,_N, P, Z 
Smooth-On Mfg. on 4 3.4 cin, N 


Spencer Chemical Co., Kansas City, Mo. 
N 


*Stanley Chemical Co., E. Beta, N. J. 
1, Z, An 
Steelcote Mfg. Co., St. Louis, Mo. (I 
Styrene Products Ltd., London, Enger 
T, U 
Success Plastics Corp., Indianapolis, ind. 
Supplex Co., Div. of Amerace Corp., Gar- 
wood, N. y. (P, Z, “y 
Sylvan Plastics, Inc., Philadelphia, Pa 
Synthetic Plastics Co., Newark, 
Z 


Synvar Corp., Wilmington, Del. (0) 
Technicraft Co., Boston, Mass. (Z 
Toepfer, Alfred C., Inc., New York, N. Y. 


N 
Union Carbide Co 


Silicones Div., 


New York, N. Y. S} 
*U.S. Industrial Chemicals Co., Div. of 
National Distillers and Chemical Co 

New York, N. Y. >} 
wees States Rubber Co., New York, 
» fi (U, Z) 
£Valite Div., Valentine, Inc., New Or- 


leans, La. (O) 
Vereinigte Chemische Fabriken, Kreidl 
Rutter & Co., Vienna, Austria (M, O ,V) 
*Waljohn Plastics, Inc., Brooklyn, N. Y. (Z) 
Wal-Mar Plastics, Inc., Torrance, Calif. 


(1) 

abe 6 “> George, Co., Inc., New York 
N. Y. (N, P, T, Z) 

Yates Co., Erie, Pa. (Z) 


MONOFILAMENTS 
(See Fibers, Synthetic) 


MONOMERS 
Acrylate and Methacrylate 


y 
Alpha Methyl Styrene 
. Butadiene 
Divinylbenzene 
Styrene 
. Vinyl Acetate 
. Vinyl Carbazole 
Vinyl Chloride 
Vinyl! Ethers 
. Vinylidene Chloride 


Acco Polymers, New York, < Y¥; (A) 
Air Reduction Chemical Co., N. Y., N. bs 


Allied Chemical Corp., Plastics & Coal 
Chemicals Div., New York, N. Y. (C) 
*American Cyanamid Co., N. Y., N. Y. (D 
Canadian Resins & Chemicals Ltd. 
Montreal, Que., Canada G, I 
Chemische Werke Huls AG., Mar Ww. 


Germany ’ 
Columbia-Southern Chemical 
*Cosden Petroleum Corp., Big Spring, Tex. 


Pittsburgh, Pa. 
Delta Chemical Begs . New York, 
N. Y. (A, B, C D, E, > G Mick © 
*Dow Chemical Co.,'M 
E, F, L, K) 
Ine 


*du Pont de Nemours, E. a & yt 

ilmington, Del. A, G) 

Enjay Co., Inc., — York, N. Y. o 
Erickson, Ww np OF Co., » Chicage, I 


*FMC Organic Chemicals Div., Food 
Soe 6 ee New York 


ASS ROMO > 


ty» 8 Grant Co., Inc., —s 
*+Coodrich,B. F., Chemical Co., Cleveln 


(A, D, F, 1, kj 

Chie ld, David S., Bronx, N. Y. iy 
rial Chemical Industries Ltd., Lon. 
ion, En =~ (A, }) 
*Koppers , Inc., Plastics Div., Pitts. 
burgh, (E, F) 
Marcus Ruth Jerome Co., Chicago, ill, (B) 
*Monsanto Chemical mpany, — 
Div., Spri +. Mass. F,) 
*Naugat emical Div., U.S. Rubhe 
Co., Naugatuck, Conn. (1 
Oronite Chemical Co., San Francisco, 
Calif. (D) 
Petroleum Chemicals, Inc., New Orleans, 
La. (D) 
Petro-Tex Chemical Corp., Houston, Ter, 


an 


Plastic Glass Corp., Newark, N. J. 
*Rohm & Haas Co., Phikalelphia Pa. ia 
*Shell Chentical Corp., New York, N. Y. 

(F) 

Thalco, Los Angeles, Calif. (F) 

Union Carbide Chemicals Co., Div. of 

Union Carbide Corp., New York, N. Y. 

(A, D, F, G, } 

*United States Rubber Co., New York, 
N. Y 


= * (0 
Wasco Products, Inc., Cambridge, Mass. 
(A) 


ODORANTS AND DEODORANTS 


Adhesive Products Corp., New York, 
2 
Bios Laboratories, Inc., New York, N. Y. 
*Dodge & Olcott, Inc., New York, N. Y. 
Edison, S. M. ro hemical Co., Chicago, Il. 
*Fritzche Brothers, Inc., New York, N. Y. 
Lord Chemical Corp., York, Pa. 
*Monsanto Chemical Co., Organic Chem- 
icals Div., St. Louis, Mo. 
Oakite Products, Inc., New York, N. Y. 
Penick, S. B., & Co., New York, N. Y. 
Sanitized Sales Company of America, 
, New York, N. Y 
Wore is hedeenate, Boston, Mass. 


ORGANOSOLS AND PLASTISOLS 


A. Organosols 

B. Plastisols 
ae Products Corp., New Joe 
American egal Solvents Co., Phoenix- 


ville, Pa. (A, B) 
Applied Resins Corp., N. Caldwell, N. , 


Armitage, John L., Co., Newark, be ‘ 


Fiosties Research Laboratories, 
Brooklyn, N. Y. (A, B) 
*Bakelite Co., ag Union Carbide Corp., 
New York, N (A, B) 
Bios cP we Eee ‘Inc., New York, rN LE 


Borden Chemical Co., The, - a of The 
Borden Co., New York, N Y. (AB 
Borden Chemical Co., , Coatings & | 
Adhesives Dept., "Middleses'N Ne rE 


Bradley & Vrooman Co., Chicess, 


Brown Co., Boston, Mass. (A) | 
Canadian Resins & Chemicals Ltd., a 


ot ow Yo 
ol 
ew AB 





Ze08 SsSr or SoPrsose 


| 


Custom Coatings Co., Los Angeles, om, 
Dennis Chemical Co., St. Louis, Mo. 
*Diamond Alkali Co., Cleveland, “Bhio 
*Eagle-Picher Co., The, Cincinnati, Oho 
Electro Plastic Fabrics, Inc., Pulaski, Va. 


(B) 
ra M. J., & Co., Inc., Brookl 


(A, B) 
Federal Chemicals Corp., New ros 


( 
mena Plastics Co., Pottstown, Pa. 


A, B) 

Flexible Products Co., oS 
G.S. Plastics Co., The, Cleveland, ss 
General Plastics Mfg. Co., Tacoma, 
Wash. B) 
*General Tire & Rubber Co., Respro Div., 
Cranston, R. I. (A, B) 
George, P. D., Co., The, St. sear 4 
Goodrich, B. F., Industrial Products Co., 
Akron, Ohio (A, B) 
Goodyear Tire & Rubber Co., The, Akron, 
Ohio A, B 
— Sales Engineers, New York, 
Y. (A, B) 
industrial Solvents and Chemicals, Inc. 
Wilkinsonville, Mass. (A, B 
Interchemical Corp., Finishes Div., New- 
ark, N. J. (A, B) 
Isochem Resins Corp., Providence, * 1. 
B 


Jamestown Finishes, Inc., Jamestown, 
N. Y. (A, B) 
L & P. Tool Co., Cincinnati, Ohio (B 
Marbek, Inc., Brooklyn, N. Y ‘B} 
Midland Adhesive & Chemical Corp. 
Ferndale, Mich. (A, B) 
sr Products, Inc., Los Angeles, 
All ee 

Morningstar- Paisley, Inc., "New York, 
N. Y. (A, B) 

a ey Products Div., The Fanner Mfg. 
, Cleveland, Ohio (A, B) 
Pape Products Development, New York, 


) 
Paci Chemical Co., Midland Park, 


( 

Paley s Plastic Products, Inc., Aten, 
A, B) 

time & Stevens Chemical Ee, Buf- 
falo, N. Y. (A, B) 
Poly Resins, Sun Valley, Calif. (B) 
Protective Treatments, Inc., Dayton, Ohio 
B 


*Beed Plastics Corp., Worcester, re 


Research Sales, Inc., Mahwah, N. J. ns x 
— Corporation of America, Hi 

ville, N. Y. 
Seal-Peel, Inc., Royal Oak, Mich. ww re 
Shasta Mfg. Inc., Akron, Ohio (B) 


— Williams Co., The, New York, 


*Stanley Chemical Co., E. Berlin, (A, B) 
B 
Stoner-Mudge Co., Div. of am 
Marietta Co., Pittsburgh, Pa. (A, B) 
Sullivan Chemicals Div., Sullivan Varnish 
Co., Chicago, Il. (A, B) 
Technicraft ©., Boston, Mass. (B) 
United States Stoneware Co., The, Ak- 
ron, Ohio (B) 
*Watson-Standard Co., Pittsburgh, Pa. 
) 


Western Coating Co., Royal Oak, Mick. 
(A, B) 


PAPER, RESIN IMPREGNATED 
OR COATED 
a Duralize Corp., New York, 


* Indicates Advertiser 


*Bakelite Co., Div. Union Carbide Corp., 
New York, N. Y 
eras -Diamond Fibre Corp., New- 
ark, De 
*Decar Plastic Corp., Middleton, Wisc. 
Endura Corp Quakertown Pa. 
*Fabricon Pruduct Di v., Eagle-Picher Co., 
River Rouge, W Mich, 
Fassler, M. J., Co., Inc., Brooklyn, N. Y. 
#General Tire & Rubber Co., The, Crans- 
ton, 
*Im; oy Chemical Industries Ltd., Lon- 
jon, En aoe 
, Minnesota Mining & Mfg. 
Co., St. Paul, Minn. 
*Johns-Manville, New York, N 
er ering pmosa Se . Neenah, Wis. 
Too. 
Natvar Corp., Wondketies, N 3 
Opel, Geo. von, Corp., New York, N. 
eS Products Development, New York: 


ae ee United, Inc. —_.) N. J. 
Printon Corp., New York, N 
*Riegel Paper Corp., New York, "N.Y. 
St. ag Paper Co., Panelyte Div., New 
Yor 
*Sandman, Ek, Co., Worcester, Mass. 
oy a Insulation Co., E. Rutherford, 
N 


PAPER FOR RESIN IMPREGNATING 
(Including High Tensile) 


Brown Co., Boston, Mass. 

Buckeye Cellulose Corp., Memphis, Tenn. 
*Hurlbut Paper Co., South Lee, Mass 
*Johns-Manville, New York, N. Y. 
*Mosinee Paper Mills Co., Mosinee, Wisc. 

ie 5 panos Development, New York, 

N. Y. 
Paterson Parchment Paper Co., Bristol 
Pa. 
*Riegel Paper Corp., New York, N .Y. 
St. Regis : a Co., Panelyte Div., New 
York, N. Y 
*Sandman, Eli, Co., Worcester, Mass. 
*Wrenn Paper Co., The, Middletown, Ohio 


PAPER, PRINTED FOR LAMINATING 


Aacon Industries, Inc., Brooklyn, N. Y. 
Decotone Products Div., Fitchburg Paper 
Co., Fitchburg, Mass. 
*Morart Gravure Corp., Holyoke, Mass. 
Paper Products Development, New York, 
N.Y 


Paterson Parchment Paper Co., Bristol, 
a. 
Printon Corp., New York, N. Y. 


PEARL ESSENCE 


Argenta Products Co., Garnerville, N. Y. 
a Co., Logo Div., Chicago, 


Bios Laboratories, Inc., New York, N. Y. 
Krieger Color & Chemical Co. Inc., Los 
Angeles, Calif. 
*Mearl Corp., New York, N. Y. 
*Reed Plastics Corp., Worcester, Mass. 
Riverdale Color Co., Inc., Newark, N. 
*xRona Labo — Inc., Bayonne, N. 
Taussig, F , Chemicals, New York, 
N. Y. 


PHOTOELASTIC PLASTICS 
(For Laboratory Work) 


Bios Laboratories, Inc., New York, N. Y. 
*Catalin Corporation of America, New 


York, N. Y. 

*Dynamit-Actien-Gesellschaft, vormals 
Alfred Nobel & Co., Troisdorf, Ger- 
many 


PIGMENTS, ORGANIC 


*xAmerican Cyanemid Co., “ae Chem- 
icals Div., Bound Brook, N ca, 
Ansbacher-Siegel Corp., ‘Staten Island, 


*Carbic Color & Chemical Co., Inc., New 
York, N. Y. 

*du Pont de 4 a E. L, Co., Inc., 
Wilmington, De 
*General Dyestuff Co., Div. General aad 

line & Film _% a "New York, N. Y 
*Goodrich, B. Chemical Co., Cleve- 
land, Ohio 
Hilton Davis Chemical Co., The, Cincin- 
nati, Ohio 
es at a & Color Corp., Glens 
s 
naa Fy Color & Chemical Co., Louis- 
ville 
Pittsburgh Coke & Chemical Co., Pitts- 
burgh, Pa. 
Sherwin-Williams Co., The, Pigment, 
Color & Chemical Div. be New York, 


N. Y. 
Standard Ultramarine & Color Co., Hunt- 
ington, W. Va. 
*Sun Chemical Corp., New York, N. Y. 


PIGMENTS, INORGANIC 
(See Also Dyes) 


te Cyanamid Co., New York, 


*xAmerican Molding Powder & Chemical 
Corp., Brooklyn, N. Y. 
Carbon Dispersions, Inc., Newark, N. * 
*Chemische Werke Huls, AG., Marl, 
Germany 
Columbia- ctthnies Chemical Corp., Pitts- 
burgh, Pa. 
*Columbian Carbon Co., New York, N. Y. 
a Works, Inc., New York, 


Doggett, Stanley, Inc., New York, N. Y. 
*du Pont de Nemours, E. L., & Co., Inc., 
Wilmington, Del. 
*Eagle-Picher Co., The, Cincinnati, Ohio 
*Ferro Corp., Color Div., Cleveland, Ohio 
General Color Co. Newark, N. J. 
*Harshaw Chemical C 0., Cleveland, Ohio 
eas Standard Chemical Co., Akron, 
io 
*Hayden Mica Co., Wilmington, Mass. 
*Imperial Chemical Industries Ltd., Lon- 
on, England 
Imperial Sem & Color Corp., Glens 
Falls, N. 
Kohnstamm H., & Co., Inc., New York, 
Krieene Color & Chemical Co., Inc., Los 
Angeles, Calif. 
~— _ Zinc Co., The, New York, 
*Reed Plastics Corp., Worcester, Mass. 
Rhode Island Laboratories, Inc., W. War- 
wick, R. 1. 
*Rona Laboratories, Inc., Bayonne, N. J. 
= Williams Co., The, New York, 
N. Y. 


Standard Ultramarine & Color Co., Hunt- 
ington, W. Va. 

Titanium Pigment Corp., New York, N. Y. 

Wilmot & Cassidy Inc., Brooklyn, N. Y. 


PIGMENTS, LUMINESCENT 


*American Molding god & Chemical 
Corp., Brooklyn, N. 
et Chemical Works, Ine. ., New York, 
N. Y. 


Doggett, Stanley, Inc., i York, N. Y. 
*du Pont de Nemours, E. L., & Co., Inc., 
Wilmington, Del. 
Imperial ~ & Color Corp., Glens 
Falls, N. 
Kohnstamm, “n. & Co., Ine., New York, 
N. Y. 


a Color & Chemical Co., Inc., Los 
Angeles, Calif. 
Plastics Color Co., Chatham, N. J. 
*Reed Plastics Corp., Worcester, Mass. 
Rhode Island Laboratories, Inc., War- 
wick, R. I. 





PIGMENTS, METALLIC 


Aluminum Company of America, Pitts- 
burgh, Pa 
* Argus Chemical Corp., Brooklyn, N. Y. 
= Chemical Works, Inc., New York, 
N. Y. 
Doggett, Stanley, Inc., New York, N. Y. 
*du Pont de Nemours, E. L, & Co., Inc., 
Wilmington, Del. 

*Glidden Company, The, Chemicals-Pig- 
ments-Metals Div., Baltimore, Md. 
*Imperial Chemical Industries Ltd., Lon- 

don, England 
Krieger Color & Chemical Co., Inc., Los 
Angeles, Calif. 
Plastics Color Co., Chatham, N. J. 
*Reed Plastics Corp., Worcester, Mass. 
Smith Chemical & Color Co., Inc., Brook- 
lyn, N. Y. 


PITCHES AND TAR BASES 


*Allied Chemical Corp.., ag ig & Coal 
Chemicals Div., New York, 
Bios Laboratories, Inc., New Mork, N. Y. 
Munray Products Div., The Fanner Mfg. 
Co., Cleveland, Ohio 


PLASTICIZERS 


Abietates 
Adipates 
Biphenyls 
Camphor 

. Citrates 
Glycerol and Clycol 
Compounds 
Glycolates 
Hydrocarbons 
Laurates 
Levulinates 
Oleates 
Phosphates 

. Phthalates 
Polyester 

. Ricinoleates 
Sebacates 

. Stearates 
Succinates 
Synthetic Rubber 
Sulfonamide 

. Toluenesulfonamides 
Secondary 


*xAdvance Solvents & Chemical, New 

Brunswick, N. J. (B, F, IL, K, M, O, Q) 
Alkydol Laboratories, Inc., Cicero, vy) 
*Allied Chemical Corp., Plastics & Coal 

Chemicals Div., New York, N. Y. 
’ (B, H, M, N, V) 
Amoco Chemicals Corp., Chicago, IIl. 


A. 
B. 
Cc, 
D. 
E 
F. 
G. 
H. 
I. 
J. 
K. 
L. 
M 
N. 
O 
P. 
Q 
R. 
S. 
T. 
U 
V. 


Newark, 
N. J. (B, F, K, M, M, P, Vv) 
Archer-Daniels-Midland Co. ne Minneapo- 
lis, Minn. (H, N) 
*Argus Chemical Corp., Brooklyn, N. ¥ 
(N 
*Badische Anilin & Soda Fabrik Ag., Lud- 
wigshafen, W. Germany 
(B, F. M,N, Q, T, U) 
Baker Castor Oil Co., % Bayonne, 
N. J. (O, Q, S, V) 
Bios Laboratories, Inc., New York, N. Y. 
(A, D, E, F, j, K, O) 
Booty Resineers Div. of American Mari- 
etta Co., Newark, Ohio (F) 
*Cabot, Godfrey L., Inc., Boston, Mass. 
(B, L, M) 
Canadian Resins & Chemicals Ltd., ig 
treal, Que., Canada (B, M be 
Chemische Werke Huls Ag. Marl, 'W. 
Germany, (M, S, Om 
(N 


mse a Daniels-Midland Co., 


Ciba Co., Inc., Kimberton, Pa. 
Continental Oil Co., Petrochemical Div 
New York, N. Y. (v} 


*% Indicates Adverti 
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*Deecy Products Co., Cambridge, Mass. 
(A, M, O, P, Q, V) 

Delta Chemical Works, Inc.., New York, 

N. Y. (B, C, G, H, L, L M, N, P, Q, RK 


Dewe * Faia Chemical Co., 
bridge, (B, M, P) 
*Diamond Alkali Co., Ms rig Ohio (V) 
*Dow Chemical Co., nd, Mich. (¥) 
xdu Pont de chee, E. L, & Co., Inc. 
Wilmingtor, Del. wD, S $} 
*Eastman Chemical Products, Inc., Line. 
port, Tenn. (B, F, M, N, P) 
*Emery Industries, Inc., Cincinnati, Ohio 
*N, 5, V) 
*FMC Organic Chemicals Div., Food Ma- 
a aa & Chemical er 8 7 New York 


j 


Feder Chemicals Gone New You 


Foremost Food & Chemical Co., Fl Hag 
ado Div., Oakland, Calif. , IL, K) 
G e Products Co., ins New York 
Y. L K, 0, O) 
Goodrich, B. F., Chemical’ on Clev 
land, Ohio (B, M, 3) 
Gordon-Lacey Chemical Products Co 
Inc,, ——— N. Y. 
Hall, C. P., ye Akron, Ohio 
a FLL k, M, N, O, P, »V) 
*Harwick St andardChemical Co., 

Ohio (EM, 0) 
*Hommel, O., Co., The, Pittsbu 5 
*Imperial Chemical Industries = J 

on, England B, N) 
oe Chemicals, Inc., New 1S 


Cam- 


Kenrich Corp., Maspeth, N. Y H) 
Kessler Chemical Co., Ine., Philadel ho 
Pa. (B, F, LK, M_0, P.Q, 8, V) 
Kolker Chemical Corp., Pel tag N. ’ 


M, Q, V) 
os “essa Chemical wal St. Louis, 


( 

‘gece Ruth Jerome Co., Chicago, Ill. 
(F, 1, K, Q) 
*Monsanto Chemical Co., Organic Chem- 

icals Div., St. Louis, Mo. 

(B, C, F, G, H, L, M, T, U, V) 
Monsanto Kasei Chemical Co., ae ka 

Japan (B, 
Montrose Chemical Co., Newark, N. J. 
L, M, U) 
New York, 
(M) 


pashan Withers Chemical Co., Chas. 

Pfizer & Co. Div., Greensboro, N. C. 

(B, E, F, G, I, K, M, N, P, Q) 

*Muhlstein & Co. Inc., H., New York, 

N. Y. (M 
*Naugatuck Chemical Div., 


) 
U.S. Rubber 
Co., Naugatuck, rao 
. B, L, M, P, S, V) 
*Nopco Chemical Co., lain, N. }. 

F, L, K, M, O, P, Q) 
Pennsylvania Indu Chemical Corp., 
Clairton, Pa. (H, V) 

ror, Chas., & Co., Inc., Brookl 


— 8 ) 
Pittsburgh Coke & Chemical Co., Pitts- 
burgh, Pa. (B, - M, P) 

— Chemicals Inc., 
(B, M, P) 


iitehen & Haas Co., Philadelphia, Pa. 
(M, N, P) 
*Rubber Corporation of America, Hicks- 
ville, N. Y. (B, F, K, M, N, , Q, S, V) 
Shell Oil Co., New York, N. (V) 
Sherwin-Williams Co., The, Now ie 
Superior Materials Inc., New York, N. Y. 


Swift & Co., Hammond, Ind. (F, K, QV) 
Synthetic Products Co .. Cleveland, O 


(A, I, O, ry 


am a crane Inc., 


Tennessee Products & 
New York, N. Y 


Thiokol Chemical Corp., Trenton, \. J 


(A, B, § 
ba nae Chemical Co., Pavitt 
Union Carbide Chemicals Co., pie 

Union Carbide Corp., New York, N. : 

(B, L, F, M,N, Vj 

be ae | States Rubber Co., New York, 

*Wallace & Tiernan Inc., Lucidol Diy’ 
Buffalo, N. Y. ; 

Co., Special Prod. 


Weyerhaeuser 
ucts Div., Tacoma, (Vv) 
*Witco Chemical Co., New York, N. ¥, 
(B, K, M, 9 


Wye Industries, Boston, Mass. 


RADIOACTIVE ISOTOPES 


Bios Laboratories, Inc., New York, \. y. 
3" Chemical Works, Inc., New York, 


U. 7 ‘iedium Corp., Morristown, \. | 
RESIN SOLUTIONS 


(SEE COATINGS, EMULSIONS, 
LATEX, VARNISHES) 


RESINS 
Anvie Resins & Copolymers 
Allyl 


Aniline-Formaldehyde 
Cont Phenolic - 





Furan 
Glass Bonded Mica 


. Ion Exchange 
ro aaa 


Lignit 

ignite 

Melamine 

Nylon (Polyamide) 

Oil = 

Pheno 

+ mab Bonding and Laminating 

Polyamide 

. Polyester 

. Polyetheylene 

Resorcinol-Aldehyde 
ilicone 


rc otceceserrceneetn 


ymers) 
. Urea-Formaldehyde 
. Varnish and Lacquer Making 
. Vinyl Acetate 
. Vinyl Alcohol 
. Vinyl Butyral 
. Vinyl Carbazole 
Vinyl Chloride 
Vinyl Chloride Acetate 
KK. Vinyl Formal 
Vinyl Chloride-Vinylidene Chloride 
. Vinylidene Chloride 
. Water Soluble 


Acco Polymers, New York, N. Y. Wl 
Acme Resin Corp., Forest Park, Lil. 

(Cc, E, H, S, T, U, 
oe Products Corp., New a 


Chemical 
Div., New York., 





— ami Out es OR SO 


A a ee 


x Allied re on » Pet Y & Coal 
th iv., New 
Ps FO, 8,T, U, w, Be Oc DD, NN) 
American d Car! 
at anamid a pide my 
Cc 
Ty {B, Q, U, W, BB) (CC, NN} 
American-Marietta Co., 
cal Div., Seattle, Wash. 
& Cote tne” “EE, Ue Y> OC, NN) 
American Resin Corp., Chicago, ae 1) 
Amoco Chemicals Corp., oor, Il. 


‘ , DD) 
lastics Co., E 
Avglted P Inc., é = 
sl Mfg. Co., New York, N. Y 


-Daniels- 
he GS, T, W, BB. DD} 
Archer-Daniels-Midland Co., ‘Mines DN) 
lis, Minn. (B, S, T, W. 
Atlas Mineral Products Co., Mertziown, 
Pa. 

*Atlas Powder Co., Wilmington, Del. (W) 
*Badische Anilin & Soda Fabrik Ag., Lud- 
wigshafen, W. Germany (A, G, R, T 

Vv, W, X, BB, CC, DD, HH, i, Jy, 


ane NN} 
*Bakelite Co., Div. Union Carbide 
New Y York, N. Y. (CG, H, S, T, wk 
Y, BB, DD, EE, ce, i, jj, N 
Belding Corticelli Industries, New vod. 
N. Y. 
Bios Laboratories, Inc., New York, N. Y. 
(A, B,C, D, E, F, G, HL K, L N) 
Blum, Paul, Co., Baffa'o, N. Y. (A) 
Booty Resineers Div. of American 
Marietta Co., Newark, Ohio 
(B, 1, T,U, ¥, CC, DD, NN) 
Borden Chemical Co., The, A Div. of 
The Borden Co., New York, N. Y. 
(A, G, T, U, CC, EE, FF FF, It, J}, L 


British Geon Ltd., London, England 
(IL, JJ, LL) 
British Resin Products Ltd., London 
England 
(B, F, Q, S, T, U, W, Y¥, CC, EE) 
— Industries Ltd., Montreal, Que. 
Canada 
‘anadian Resins and Chemicals 
Montreal, Que., Canada 
‘argill, Ine., Philadelphia, Pa. 
‘arwin Co., The, N. Haven, Conn. 
(D, N) 
‘ary Chemicals, Inc., New Brunswick, 
N. J (1) 


? 


(i, Hy 


‘asella F'arbewerke Mainkur Aktienges- 
selshaft, Frankfurt/M, W. Connery, 
atalin Corporation of America, New 
York, N. Y. 

(A, E, Q, S, T, U, ¥, BB, CC, NN) 
*Celanese Corporation of America, Plas- 
tics Div., Newark, N. J. (W, EE) 
*Chemische Werke Huels, A. G. Marl, 
W. Germany (W, X, BB, Il, MM) 
Ciba Co., Inc., Kimberton, Pa. (G) 
Ciba Co., Ine., New York, N. Y. (A, CC) 
Colton Chemical Co., Div. of Air Reduc- 
tion Co., Inc., Cleveland, Ohio 
(EE, FF) 
Columbia-Southern Chemical 
Pittsburgh, Pa. 


Cc 
*Cosden Petroleum Corp., Big Spring, 
Tex, ® BB) 
Crownoil Chemical Co., Inc., Lon 
Island City, N. Y. (B) 
Delta ae hem Inc., eee York, 
N. Y. P,Q, S > T, > U, V, w 
LY 7, AA, GG, MM, NN} 
*Deveon Corp., ‘Danvers, Mass. (G) 
*Diamond Alkali Co., Cleveland, Ohio 
(It, Jy) 


* Indicates Advertiser 


Dewey & Almy Chemical Co., Cam- 
bridge, Mass. (BB) 
Doggett, Stanley, Inc., New York, N. Y. 


Dow Corning 
*Du Pont de Nemours, E. L., & 
Wilmington, Del. 
_ (A, H, R, V, W, X, EE, FF, GG) 
ic Products, Inc., New York, N. Y. 


it-Actien-Gesellschaft, vormals 

Alfred Nobel & Co., ea Ger- 

many  _‘E, G, Q,T, U, ¥, CC) 
*Eastman Chemical Products, ine. Kings- 

port, Tenn. &% DD) 

Emerson & Cuming, rN. sg Mass, 

(G, K, N a W, Z, BB) 

—_—. Wallace A, & .» Chicago, 


A) 
Escambia Chemical Corp., New = 


*FMC Organic Chemicals Div., Food me 
— & Chemical Corp., New 7, 
a (C) 
*Farbwerke Hoechst AG.vor als Meister 
Lucius & Bruning, Frankfurt/Main, 
Hoechst, W. Germany (H, X, FF, Il, JJ) 

*Firestone Plastics Co., Pottstown, Pa. 
(R, OT, JJ) 
*Foster Grant Co., Inc., Leominster, Mass. 
(R, V, BB) 
or & Darling Inc., Kenil- 
wee (B, G, T, ew. BB, CC) 
Fuller, H. ‘ Co., St. Paul, Minn. (EE) 
*Furane Plastics, Inc., Los Angeles, - 
(G,I 
General Mills Inc., Chemical Div., Kan- 
kakee, Ill. (V) 
*General Tire & Rubber Co., Chemical 
Div., Akron, Ohio (W, Il, JJ) 
George, P. D., Co., The, St. Louis, Mo. 
(B, T, W, Y, DD) 

*Glidden Co., The, Cleveland, Ohio 


‘B, 
*Goodrich, B. F., Chemical Co., Cleve- 
land, Ohio (A, N, - i. Jj, LL) 
Goodyear Tire & Rubber Co., oh Ak- 
ron, Ohio B, It) 
*Grace, W. R., & Co., Polymer Choate 
Div., Clifton, N. J. X) 
Great American Plastics Co., Fitchburg, 
Mass. I 
Greenfield, David S., Bronx, N. Y. (II, JJ) 
Hall, C. P., Co., The, Akron, Ohio (W) 
*Harwick Standard Chemical Co., Akron, 
Ohio , L) 
Haveg Industries, Inc., Wilmington, Del. 
(E, G, I, T, W) 
*Hommel, O, Co., The, Pittsburgh, Pa. 


W, DD) 


*Hooker Electrochemical Co., Durez Plas- 
tics Div., N. Tonawanda, N. Y. 

(I, 8, T, W, DD, NN) 

*Imperial Chemical Industries Ltd., Lon- 

ion, ‘re 

(A, B, N , R, 8, T, V, W, CC, DD, TI) 

Interchemical Corp., F Finishes Div., New- 

ark, N. (W) 

Interchemical Corp., Color and Chemicals 

Div., Hawthorne, N. J. (K) 

Tons Exchange & Chemical Corp., New 

York, N. Y. M 

Ironsides Resins, Inc., Columbus, ‘_-, 

I, T 

Irvington Div., Minnesota Mining & Mfg. 

Co., St. Paul, Minn. (DD) 

Isochem Resins Corp., Rpovidence, BT. 

a + Products, Inc., bere 


lee City A eee Div., Minnesota 
Mining & Mfg. Co., Jersey City, N. adj 


Kenrich Corp., Maspeth, N. Y. (K, S) 
Kenwood Plastics, Washington, D. C. (Z) 
Knoedler Chemical Co., Lancaster, a 


*Ko: Chemicals & tuff 
Di. 7 eehek Fe “ pe (Y) 


*Koppers Co., Inc., Piastics Div., Pitts- 
gh, Pa. (X, BB) 

L & P Tool Co., Cincinnati, Ohio  (Y) 
Lawrence Adhesive & Chemical Co., me. 


Lawrence, ye (G 
Chemical of California, Ne whall. 
Calif. DE, Le T, U, ¥; CC, NN) 
Lebec C al Corp., Paramount, Calif. 
(A, E, T. CC, DD) 
oe Adhesives Corp., Brook 7 
(EE 


*+Marbon oman Div., Borg wep) 
) 
MaCloskey "Varnish Co., aTiiladtpa, 


Minneapolis eres Regulator ba. 
Minneapolis, 


(G 
Mitchell Rand Mfg. Co., New York, N. Y. 


(F, G) 
Mobay Chemical Co., Pittsburgh, z- ON) 
Mol-Rez Division, American Petrochem- 
ical Corp., Minneapolis, Minn. 
(B, Ww, BB) 
Monite ene Glue Co., Minnea: 
olis, (0) 
* Monsanto Chemical Company, Sprin e 
field, Mass. (Q, T, U, X, BB, CC “ 
Mesenate Kasei Chemical’ Co 
5 enmameth 


Morton-Withers Chemical Co., Div. of 
2 Pfizer & Co., Inc., » Greensboro, 
Ww 


( 
*+Muchlstcin, H., & Co., Inc., New York, 
N. (A, R, V, X, BB, I, JJ) 
scales Corporation of America, Cifton, 
N. 


Narmco Resins & oe ee Co., C a 
Mesa, Calif. (G, R, T, V, W, Z) 
National Casein Co., aueae til. 
(T, U, ¥, CC, EE) 
*National Polymer Products, Inc., Read- 
ing, Pa. 
National Starch Products, 
York, N. Y. 
*Naugatuck Chemical Div., U. S. Rubber 
Co., Naugatuck, Conn. 
(N, W, BB, II, JJ) 
*Nopco Chemical Co., Harrison, N. J. 
(T, W, EE) 
Nureco Inc., Cranston, R. I. (G) 
Opel, Geo. von, ah ., New York, N. Y. 
(R, V, W, X, BB, I, LL) 
Osborn, C. J., Co., Linden, N. J. 
(B, G, S, DD) 
Pelron Corp., Lyons, Il. - (N, W) 
Pennsylvania Industrial Chemical Corp., 
Clairton, Pa. (F, K, L, S, BB) 
Perkins Glue Co., Lansdale, Pa. 
G. FY, co 
ee -LePage’s, Inc., New Brunsw 
) 
rose Chemical Mfg. Co., Melrose Pz “A 
I 


*Phillips Petroleum Co., Bartlesville, ar 
( 


Pioneer Scientific Corp., Great Neck, 
N. Y. (C 


Pitt-Consol Chemical Co., Newark, N. 4 


*Pittsburgh Plate Glass Co., siaiee os 
Resins Div., Pittsburgh, Pa. (B, N, W) 
Plastic Glass Corp., Newark, N. J. (A) 
— Engineering Co., ong gan, 
T, U, NN) 
ouvers Corp. of Pennsylvania, The, 
Reading, Pa. (H, R) 
Polypenco, Inc., Reading, Pa. (H, R, BB) 
Poly Resins, Sun Valley, Calif. 
. §, T, NN) 
Polyrez Co., Inc., Woodbury, N. J. 
(T, Y, NN) 
*Reed Plastics Corp., Worcester, Mass. 
(A, R, X, BB, II, JJ) 
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a Chemicals, Inc., White Plains, 
N. 


(B, G OG. 6. T, UW, ¥, OD) 
Ren Plastics, Inc., Lansing, Mich (G 
Rezolin, Inc., Santa Monica, Calif. (G, T) 
* Robertson, Hi. H., Co., Pittsburgh, Pa. 
(G, W) 
— 45 Haas 7 ey, Pa. (A, 
N, Q, S, T, U, W, CC, DD, NN) 
attubber _— of America, Hicks- 
ville, N. Y. (1) 
PA ana Varnish Co., Inc., Schenec- 
tady, N. Y. , L, T, W, BB, DD) 
Sham an, WwW. S&., & Co., Culver’ o 
Calif. (H 
Shawinigan Resins —— Springfield, 
Mass. , FF, GG, KK) 
*Shell Chemical Corp., N. Y., N.Y. (G) 
Shell Oil Co., New York, N. Y. (K) 
Sherwin-Williams Co., The, New York, 
N. (W, DD) 
Shuman, Philip, & Sons, Buffalo, N. Y. 
(A) 
Skeist & Schwarz Laboratories, Inc., 
Newark, N. J. (G) 
Solvic, S. A., Brussels, Belgium (IL, J}) 
*Spencer Chemical Co., Kansas City, Mo. 
(R, X) 
Steelcote Mfg. Co., St. Louis, Mo. 
* .S N, T, V) 
Stein Hall Co., Inc., N. Y., N.Y (EE JJ) 
Styrene Products Ltd., London, " England 
(M, BB) 
Success Plastics Corp., Indianapolis, Ind. 
(GG) 
Sullivan Chemicals Div., Sullivan Var- 
nish Co., Chicago, Ill. (B, DD) 
Synco Resins, Inc., Bethel, Conn. 
(T, U, CC, EE) 
Synthetic Plastics Co., Newark, N. J. 
(W, CC) 
Synvar Corp., Wilmington, Del. 
(E, S, T, U, ¥, CC, NN) 
Tennessee Products & Chemical Corp., 
New York, N. Y. (G) 
Thalco, Los Angeles, Calif. 
(G, N, W, BB) 
Thiokol Chem. Corp., Trenton, N. J. (N) 
i igs Chemical Co., Pawtucket, 
R. (ID 
Tospfer, Alfred C., Inc., N. Y.,N. Y. (V) 
Union Carbide Chemicals Co., Div. of 
Union Carbide Corp., New York, N. Y 
(NN) 
Silicones Div., Union Carbide Corp., 
New York, N. Y. Z) 
U. S. Industrial Chemicals Co., Div. of 
National Distillers Corp., New York, 
N. Y. (X) 
*Union Carbide International Co., Div. of 
Union Carbide Corp., New York, N. Y. 
1 & 4 BB, EE, GG, Il, JJ) 
United States Gypsum Co., Chicago, III. 
(G) 
United ong” Plastic Products Corp., 
Metuchen, N. A) 
— ee ‘Robber Co., New York, 
 é B, BB, I) 
kValiie Div., Valentine, Inc., New Orleans, 
La. (T, U) 
Varcum Chemical Corp., ex Falls, 
N. Y. T, Y, DD) 
Vereinigte Chemische Faleken, Kreidl 
Rutter & Co., Vienna, Austria 
(Q, T, U, CC, EE) 
*Witco Chemical Co., New York, N y. 
Ww 


Witte, John H., & Sons, Burlington, lowa 


(B, N, W, DD) 
*Woloch, George, Co., Inc., New York, 
N. Y. 


(R, X, BB, ID) 


RODS AND TUBES 
A. Acrylate and Methacrylate 


B. Allyl 
C. Casein 


* Indicates Advertiser 
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5 


Cast Phenolic 
Cellulose Acetate 


mis 


= 


Cellulose Propionate 
Ethyl Cellulose 
Fluorocarbons (Halogenated 


— 
. e 


Mica 
Nylon (Polyamide) 
. Polyester Resins, Cast 
Polyethylene 
Polystyrene 
Polyvinyl Alcohol 
Polyvinyl Butyral 
Polyvinyl Chloride 
Polyvinyl Chloride Acetate 
Polyvinyl Formal 
. Polyvinylidene Chloride 

Silicones 

. Styrene Copolymers 


SN<CHY FON OZEMA 


Aacon Industries, Inc., Poi, N. Y. 
(A, D. E, F, L, N, O, R) 
Ace Plastic Co., Jamaica, N. Y” 
(A, E, F, I, N) 
Acme Resin Corp., Forest Park, Ill. (J) 
Airconductors, Gardena, Calif. (D, V) 
Allegheny Plastics, Inc., Corapolis, is 
i Plastics Supply Corp., New Fr 
Y. » F, 
CLIKLMN,O,P,R'S VW 
Allied Resins, Inc., Conneaut, Ohio (N) 
— Agile Corp., Maple Heights, 
Ohio . N, 
American Hard Rubber Co., Div. of Am- 
erace Corp., Butler, N. J. (N, R, U, W) 
American Molding Co., San Leandro, 
Calif. (N, W) 
Apex Reinforced Plastics Div., White 
Sewing Machine Corp., Cleveland, 
Ohio (M) 
Aristocrat Plastics, Inc., Newark, N. J. 
(A, E, F, J, L, N, O) 
Atlas Mineral Products Co., aur 
Pa. 
* Auburn Plastic meafagating, Chicago, Ill. 
, L, N, O) 
B.X. Plastics, Ltd., Lwdon” England 
(C, EL, N, O, R, W) 
*Barron, J. E., Plastics, Inc., Cincinnati, 
Ohio A, F, L, N, O, R) 
Bios Laboratories, Inc., New York, N. Y. 


(J, V) 

Borden Chemical Co., The, A Div. of 
The Borden Co., New York, te s) 
Borden Chemical Co., Div. of The Bor- 
den Co., Resinite Dept., Santa Bar- 
bara, Calif. (R 
Brilhart Plastics Corp., Mineola, N. Y. 


(M, W) 

*Busada Mfg. Corp., Maspeth, N. Y. (F) 

*Cadillac Plastic & Chemical Co., Detroit, 

Mich (A, E, F, M, N, O, W) 

Carlon Products Corp.,; ” Cleveland, Ohio 

(A, E, F, I, N, R, W) 

Carlon Products Corp., Plastic Industrial 
Products Div., Somerville, Mass. 

+ 


(F, J, L) 
*Cast Optics Corp., Hackensack, N. J. (A} 
Celluplastic Corp., Newark, N. J. 
(E, F, N) 
sa Plastics of N. J., * Paterson, 
N. J. A, E, F, H, I , R, s) 
*Commercial Plastics & Ade tay ‘Corp. 
New York, N. Y. (A, F, J, L, M, s) 
Commonwealth Plastics Corp., bo 
ster, (A, E, N, O) 
#+Continental- Diamond — CP New- 
ark, Del. J, K, V) 
Corroplast, Inc., Diag > Nj ‘ (R) 
Crane Packing Co., Morton Grove, Ill. 


) 
Crystalx Corp., Lenni Mills, Pa. 
(A, J, N, O) 


(nN, 
Carmer Industries, Inc., Kenilwort 


Custom Extrusion, Inc., Sheffield, Mas. 


snipes Mfg. Co., The, Daniel” 


N) 
Davis, Joseph, P nates Co., Nat 
N. J. (E, F, G, L - es 
Dixon Corp., Bristol, R. 
Dura Plastics of New York, Ine 
York, t 3 » J 


ctien-Gese 
Alfred Nobel & Co., = 
many (D, E, 
Sean & Cuming, ime inled Mass 


(0, W) 
Extruded Plastics, Inc., Norwalk, Con, 


ey do e Corporation, Long ~ 
ity, N. 
Fisher, jah Associates, Chicago, | 
(A, E, F, H, I, L, N, O, BR, $ Uj 
*Foster Grant Co., Inc., Leominster, Mass 
(L) 
Franklin Fibre-Lamitex Corp., Wilming. 
ton, Del. . N, 0, V) 
*General Tire & Rubber Company’ s Bolts 
Products Div., Lawrence, Mass. (R, §) 
*Gering Products e Kenilworth, N. J. 
(E, F, I, N, O, R, S, W) 
Glastic Corporation, The, Cleveland, 
Ohio (M) 
Greenfield, David S., Bronx, N. Y. (R, §) 
H & R Industries, Nazareth, Pa. 
(A, L & N, O, W) 
Halogen Insulator & Seal Corp. Frank- 
lin Park, Ill. () 
Haveg Industries, Inc., Wilmington, Del, 
(D, J) 
Hyde, A. L., Co., Grenloch, N. J. (1) 
*Imperial Chemical Industries Ltd., Lon- 
on, England (A, N) 
Industrial Plastic Co., Metuchen, N. |} 
L, N, P, $) 
a Plastic Fabricators, "Norwood, 


(R) 
Industrial Sales Engineers, New York, 


(A. 
E, F, H, LL, N, O, P, Q, R, S, T, W 


*Irvington Div., Minnesota Mining & Mfg. 
Co., St. Paul, Minn. (N, R) 
Jacobs, H. G., Mfg. Co., Inc., Paterson, 


(E, F, D 
kJecsail’ Plastics, Div. of The Electric 
moa Battery Co., Kensington, 
Con (L, R) 
Jet Specialties Co., Inc., Los Angeles, 
F 3 N, °, R, W) 
ode Plastics Co., Brooklyn. N. 
(E, F, G LN) 
*Johns-Manville, New York, N. Y. (J) 
Kaykor Industries Inc. Div. of Kaye-Tex 
Mfg. Corp., Yardvill, N. J. (N, R) 
Kelley, George A » Mfg, a Litchfield, 
Ill. “(E, 1, N, 0,W 
Kerr Industries, Bobenk Calif. 
A, E, F, N, 0, R) 
Keystone Plastics, Inc., Newark, N. J. 
, F, L, N, 0) 
Knoedler Chemical Co., Lancaster, o 


om aan Co., Durethene Div., oo 
_ 
, R, §) 
Lee, Walter, Chemical — 
N. Y. 


lec 
(}) 
Lermer Plastics, Inc., Garwood, N. J. 
(E, N, 0) 
Libbert Tool & Die, Fort Worth, Tom 


Linehan and Co., Dallas, Tex. (N, R, 5) 
Lusteroid Container Co., Inc., Maple- 
wood, N. J. (E, F) 
Mannesmann-Easton Plastic Products Co., 
Inc., Easton, Pa. (R) 
*Marblette Corp., The, Long Island oo 


sein ‘Plastics, Minn. ik 
Mazzucchelli chee S.p.A_ Varese, 
Italy (E, G, ® 


L & P Tool Co., » Coden 





army x Corp., Bellmore, lone 
Isl : 

Meals Samuel, & Co., Mantua, ON) 
Munray Products Div., The Fanner as; 
Co., Cleveland, Ohio a N, | 

Mycalex Corporation of America, C 
N. J. ares 
*National Vulcanized Fibre Co., > Wileniog 
ton, 
Neaver C2 Corp., Woodbridge, N. J. (N, R, S) 
New Plastic Corp., Los Angeles, na 


*Nixon Nitration Works, Nixon, N. di E, F) 


O: Ri 
Phoenix Plastics Corp., hate” 5 Mass, 


Opel, Geo. von, Corp., New York, N 


Pioneer Scientific Corp., Great Neck, 

N. Y. (B) 
Plastic Glass Corp., Newark, N. J. (A, E) 
Plastic Suppliers & Manufactures, Baton 


Rouge, La. (A, E, F, L, M, N, O) : 
Plicose Mfg. Corp., Brooklyn, N. Y. (N) 


Poly-cell Plastics Co., Smithtown, N. Y. 
(E, N, O, R) 
*Polymer Corp of Pennsylvania, The. 
Reading, Pa. J, Ww) 
Polypenco, Inc., Reading, Pa. (L, J, W) 
*Raybestos-Manhattan, Inc., Reinforced 
Plastics Dept., Manheim, Pa. Dp) 
Reeves Brothers, Inc., Plastic Div., New 
York, N. Y. (J, L, N, R) 
Reliance Plastic & Chemical Corp., Pat- 
erson,N.J. (A, E, F, N, O, R, $, W) 
Resistoflex Corp., Roseland, N. J. (J, P) 
Rex Corp., The, W. Acton, Mass. (W) 
Rotuba Extruders, Inc., Brooklyn, N. Y. 
A, E, F, L, O, W) 
Rowland Products, Inc., Kensington, 
Conn. 


Ryerson, Joseph T., & Son, Chicago, i} 


*Schwab Plastics Corp., Detroit, Mich. 
. F, I, L, N, O, R, S, W) 

Shamban, W. S., ” and Co., Culver City, 
Calif. gj, L 
Sheffield Plastics, Inc., Sheffield, — 


(R) 
Shoe Form Co., Inc., Auburn, N. Y. (F) 
Southern Plastics Co., Columbia, Ty C. 
(A, E, F, H, J, L, N, O, R, S, W) 
Success Plastics ‘Corp., Indianapolis, ‘Ind. 
, E, G, R) 
Sunlite Plastics in Milwaukee, Wis. 
E, F, LL, N, O, R, S) 
Superior Plastics, ay Chicago, il. 
O, P, Q, R, S) 
Suprenant Mfg. Co., "Clit Mass. 
(J, L, N, R, S) 
Sussec oa Co., Belleville, N. oY 
(A, E, F, H, L, L, N, O, R, S, W) 
Toepfer, Alfred C., Inc., New York, N. Y. 


(L) 

Tri-Point Plastics, Inc., Albertson, N. Y. 
+ . ) 
*United States Gasket Co., Camden, N. 9 


gj, L 
United States Plastic Products Corp. 
Metuchen, N. A 


U rr States Stoneware Co. , The, Akron, 
0 


(L, N, R) 
*Van Dorn Iron Works Co., Cleveland, 
Ohio (U) 


*Waljohn Plastics, Inc., Brooklyn, N. Y. 


R, S) 
Western Plastics Corp., Tacoma, Wash. 
N 


( 
Western Plastics Corp., Hastings, Neb. 


(E, F, L, N, R, W 
Westlake Plastics Co., eo Mille” = 


(A, J, N, O, W) 
*Yardley Plastics Co., Columbus, ‘Ohi 


o ke 
Yates Co., Erie, Pa. (E, F, N, R) 


* Indic sates Advertiser 


RUBBER, SYNTHETIC 


. Butadiene-styrene 
. Butadiene-acrylonitrile 
. Chloroprene 
* Chlorosulfonated Polyethylene 
. Isocyanate 
. Polyisobutylene 
. Poly: 
H. Silicone 


*American Hard Rubber Co., Div. of 
Amerace Corp., Butler, N. }. B) 
Applied Plastics Co., Inc., El Segundo, 


E 
*Badische Anilin & Soda Fabrik Ag., jae 
wigshafen, W. Germany ® ¢ 
Bios ratories, Inc., New yes. 


(D, E, om 

British Geon Ltd., London, ae ’ (B) 

——. Wn. T., "%& Co., Inc., ye, 
M 


. ( 
Carlon Products Corp., Cleveland, = 


( 
*Chemische Werke Huels, A. G. Marl, 
. Germany A) 
*Continental-Diamond Fibre Corp., New- 
ark, Del. H) 
Dewey & Almy Chemical Co., Cam- 
bridge, Mass. (A) 
Dow Corning Corp., Midland, Mich. (H) 
*du Pont de Nemours, E. I. & Co. Inc., 
Wilmington, Del. (C, D) 
Emerson & Cuming, Inc., Canton, Mass. 


G) 

Enjay Co., Inc., New York, N. Y. (F) 
*Firestone Plastics Co., Pottstown, 8) 
*Goodrich, B. F., Chemical Co., Cleve- 
land, Ohio (A, B) 
Goodyear Tire & Rubber Co., The, Ak- 
ron, Ohio (A, B) 
Heresite & Chemical Co., Manitowoc, 
i B 


is. 
*Imperial Chemical Industries Ltd., Lon- 
on, England (B) 
*Koppers Co., Inc., Plastics Div., Pitts- 
burgh, Pa. (A) 
*Muehlstein, H., & Co., Inc., New York, 
N. Y. (A, 'B, Cc, E, F, G, H) 
*Naugatuck Chemical Div., U. §. Rubber 
Co., Naugatuck, Conn. (A, B, E) 
*Raybestos- Manhattan, Inc., Reinforced 
Plastics Dept., Manheim, Pa. (H) 
*Shell Chemical Corp., New York, N. ft 


( 
Smooth-On Mfg. Co., Jersey City, +) 


Southern Plastics Co., Columbia, S. ¢ 
(A, B 

Suprenant Mfg. Co., Clinton, Mass. 
(C, H) 

Thiokol Chemical Corp., Trenton, a” 


Silicones Div., Union Carbide Corp., New 
York, N. Y. 
United Carbon Co., Inc., Charleston, 
W. Va. A) 
*xUnited States Rubber Co., New York, 
N. Y. A, B) 
United States Stoneware Co., The — 


io (H) 
Western Felt, Chicago, Ill. (A, B, C, H) 
Western Plastics Corp., Tacoma, we 
Xylos Rubber Co., Div. of the Firestone 

Tire & Rubber Co., Akron, Ohio (A, B) 


RUBBERLIKE PLASTICS 
ELASTOMERS 


*Chemical Development Corp., Danvers, 
Mass. 
Chemical and Engineering Associates, 
Upper Darby, Pa. 

*Dow Chemical Co., Midland, Mich. 
Duramic Products, Inc., New York, N. Y. 
Emerson & Cuming, Inc., Canton, Mass. 
Greenfield, David S., Bronx, N. Y. 


Hardman, H. V., Co., Inc., Belleville, 


N. J. 
*Imperial Chemical Industries Ltd., Lon- 
on, England 
— Sales Engineers, New York, 


N. 
pt City Chemical Div., Minnesota 
Mining & Mfg. Co., Jersey City, N. J. 
L & P Tool Co., Cincinnati, Ohio 
Lamb Plastics, Inc., Lambertville, N. J. 
*Monsanto Chemical Co., Organic Chemi- 
cals Div., St. Louis, Mo. 
* Naugatuck | Chemical Div., U. S. Rubber 
Co., Naugatuck, Conn. 
*Nopco Chemical Co., Harrison, N. J. 
Rand Rubber Co., Brooklyn, N. Y. 
*Reed Plastics Corp., Worcester, Mass. 
Schwartz Chemical Co., New York, N. Y. 
“as States Rubber Cos., New York, 


N. Y. 

— States Stoneware Co., The, Akron, 
Ohio 

Westlake Plastics Co., Lenni Mills, Pa. 


SHEETS, RIGID 


Acrylate and Methacrylate 

Allyl 

Casein 

. Cast Phenolic 

Cellulose Acetate 

Cellulose Acetate Butyrate 

. Cellulose Nitrate 

Cellulose Propionate 

Cellulose Triacetate 

Ethyl Cellulose 

Fluorocarbons (Halogenated 
Ethylenes) 

Glass Bonded Mica 

. Nylon (Polyamide) 

Polyester Resins, Cast 

Polyethylene 

Polystyrene 

. Polyvinyl Alcohol 

. Polyvinyl Butyral 

Polyvinyl Chloride 

Polyvinyl Chloride Acetate 

. Polyvinyl Formal 

- Polyvinylidene Chloride 

. Silicones 

. Styrene Copolymers 


Aacon Industries, Inc., Brooklyn, N. Y. 
(A, D, E, F, M, O, P) 
*Ace Plastic Co., Jamaica, N. Y. 

(A, E, F, J, O) 
Ace Laminating & Plastic Co., Detroit, 
Mich. (E, F, S) 
Acme Resin Corp., Forest Park, Ill. « 
Allegheny Plastics, Inc., Coraopolis, Pa. 
(K) 
Allied Plastics Supply Corp., New York, 
4 (A, D, 
E, F, G, K, L, M, O, P, Q, S, T, W, X) 
Allied Resins, Inc., Conneaut, Ohio (O) 
American Agile Corp., Maple Heights, 
Ohio (O, 8) 
American Hard Rubber Co., Div. of Am- 
erace Corp., Butler, N. J. (S, V) 
Apex Reinforced Plastics Div., White 
Sewing Machine Corp., Cleveland, 
Ohio (N) 
Argo Plastic Products, Co., Inc., Cleve- 
land, Ohio (o, S, X) 
Aristocrat Plastics, Inc., Newark, N. J. 
(A, E, K, M, O, P) 
Armen, Inc., Long Island City, N. Y. (K) 
Atlas Mineral Products Co., Mertztown, 
Pa. (S) 
Auburn Plastic RR Chicago, IIl. 
M, N, O, P) 

B.X. Plastics, Ltd., > EE Engl: and 
(C, E, G, P, S, X) 
*Bakelite Co., Div. Union Carbide ‘Corp., 
New York, N. Y. (S, T) 
*Barron, J. E., Plastics, Inc., Cincinnati, 
Ohio (A, E, F, I, K, M, N, O, P, S, T) 
Bios Laboratories, Inc., New York, N. Y. 
(J, K, 'O, Ww) 
Blum, Paul, Co., Buffalo, N. Y. (A, E, G) 


HESCHYRONOZED ASMROmMMDOEP 
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Borden Chemical Co., The, A Div. of 
The Borden Co., New York, N.Y. (S) 
Brilhart Plastics Co ., Mineola, N. Y. (N) 
*Cadillac Plastic . Chemical Co., Detroit, 
Mich. A E, b Ba oO, P Pe M) (A, K) 
*Campco, Div., it Ided Products 
Corp., Chicago, r 
E, F, J, M, O, P, X) 


Canadian Generel Tomer Ltd., Galt, Ont., 

Canada (V) 

Canadian ny & Chemicals Ltd., Mon- 

treal, Canada (S, T) 
Capac saute, Inc., Capac, —. 

(E, F, O, P, X) 

Carlon Products Corp., Cleveland. Ohio 

Carmer Industries, Inc., Kenilworth, N. J. 

K, M) 

*Cast Optics Corp., Hackensack, N. }- - 


*Celanese Corporation of America, “Pe 
tics Div., Newark, N. J. (E, I, O) 
Columbus Coated Fabrics Corp., Colum- 
bus, Ohio (S, T) 
*Commercial Plastics & Supply Corp., 
New York, N. Y. 
(A, E, F, K, M, N, O, P, S, T) 
*Continental-Diamond Fibre am New- 
ark, Del. (D, K, L, M, W) 
Corroplast Inc., Passaic, N. J. (S) 
Crane Packing Co., Morton Grove, II. (K) 
Crowl, Charles, Co., El Monte, xe . 


%. 

Custom Extrusion, Inc., Sheffield’ Moss 

(A, P, X) 

Co., The, Danielson, 

(M) 

Joseph, Plastics Co., en 

F, G, Jo , P, S, T, X) 

Dixon Corp., beled, R. (K) 

Dockery Mfg. Co., a Rockingham, 

/ (A, N, X) 
Midland, Mich. 


Dura a of New York, wry New 
York, N. , M, P) 
*Dynamit- , oe gi -> 
Aliced Nobel & Co., Trotsdorf, W. Ger- 
(D, E, N, O, P, S) 

elinauatn Kodak Co., Rochester, N. y. 
(E, F, D 
Elm Coated Fabrics Co., Inc., New York, 
N. Y. (S, T) 
Emerson & Cuming, Inc., Canton, Mass. 
(N, P, X) 
ene Plastics, Inc., Gibsonville, 
N.C (A, E, F, M, O, P) 
Extrudo Film Corp., Long "Island City, 


N. Y. 
Falls Hollow Staybolt Co., 
Falls, Ohio 
*Firestone Plastics Co., Pottstown, ay n 
Inc., Leominster, Mass. 
(M, P, X) 
Franklin Fibre-Lamitex Corp., Wilming- 
ton, Del. (M, O, W) 
General Plastics Corp., Marion, Ind. 
(A, F, O, P, X) 
General Plastics Corp., Paterson, Nd 
) 
*General Tire & Rubber Company’s Bolta 
Products Div., Lawrence, Mass. 
(O, S, T, X) 
*General Tire & Rubber Co., The, Respro 
Div., Cranston, R. 1. (S, T) 
Gering Products Co., Kenilworth, io i 


Gilman Brothers Co., The, Gilman, Conn. 
(O, P, X) 

Greenfield, David S., Bronx, N. Y. 
a 
H & R Industries, Nazareth, Pa. (M, O) 
Halogen Insulator & Seal Corp., Franklin 
(K) 


Crystalx Corp., Lenni Mills, aoe 


*Danielson Mfg. 
Conn. 

*Davis, 
N. j. 


N. C. 
*Dow Chemical Co., 


Cuyahoga 
(K 


*Foster Grant Co., 


Park, Il. 
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Haveg Industries, Inc., ale a5 a 

Heil Process Equipment Corp., Cleve- 

land, Ohio (N 

Hyde, A. a. Co., Grenloch, N. J. ( 
hemical Ind Ltd., 


eae 9 ustries - 
on, England (A, S) 


Industrial Plastic Fabricators, st 
Industrial Sales cere New York, 
N. Y. (A, E, F » iH LI O, P, X) 
xJersey City Chemical’ Minnesota 
Mining & Mfg. Co., ome City, N. we 


o* ou Co., Inc., Los 3,0, x) 
*Johns-Manville, New York, N. v (kK, W 
Kal Plastics, Inc., Beaverton, Mich. 

(O, P, X) 
of —_ 


, S, X) 
€, P) 


Lancaster, Pa. 


Kaykor Ind Inc., Div. 


ustries, 
Tex Mfg. Corp., Yardville, N 


K 
Kerr Industries, Burbank, Calif. 
Knoedler Chemical Co., 


( 
*Marblette Corp., The, Long Island City, 
N. Y. (D) 


Marine Plastics, Inc., Clinton, mer 0, 

) 

Mazzucchelli Celluloide S.p.A, Varese, 

Italy (E, G, O, P, S, T, X) 

Midwest Plastic Products Co., Chicago 

Heights, Ill. (A, E, F, P, O, X) 

*Muehlstein, H., & Co., Inc., New i 

N. Y. S, T) 

Mycalex Corporation of America, Clif- 

ton, N. J. (L) 

* National Vulcanized Fibre Co., Wilming- 

ton, Ww) 
*Nixon Nitration Works, Nixon, N. J. 

E, F, G, O, S, T, X) 

Opel, Geo. von, on New York, N. Y. 

(E, F, G, M, N, Oo, P, S) 

O'Sullivan Rubber Co., Winchester, Va, 


( 

Pearson Industries, Long Island a 
N. Y. S, T) 
Permacel- LePage’s, Inc., New Brunswick, 


(kK) 
Fleness Scientific Corp., Great Noss 
B 


N. Y. 
Plaskolite, Inc., Columbus, Ohio 


Plastex Process Co., Maywood, N. J. 
Plastic Glass Corp., Newark, N. J. 

Plastic Supplies & Manufactures, Baton 
Rouge, La. - (A, E, M, O, P) 
Plasti-foam Corp., Hoboken, N. J. (P) 
Plicose Mfg. Corp., Brooklyn, N. Y. (O) 
Poly-cell Plastics Co., Smithtown, e. Mf 
Stamford, Conn. 
(A, B) 
*Polymer Corporation of Penna., The, 
Reading, Pa K, M, X) 
Polypenco, Inc., Reading, Pa. (K, M, X) 

*Polyplastex United, Inc., Union, N. 
(A, N, P, ) 
Portage. Wis. 
(P) 


Polycast Corp., The, 


Portage Plastics Co., Inc., 


Printon Corp., New York, N. Y. 

(E, F, Jj, N, O, P, S, V) 
Rainier Plywood Co., Tacoma, Wash. (D) 
Rand Rubber Co., Brooklyn, N. Y. (R, S) 
Raritan Plastics Corp., ees 3 J. 


P, X) 

*Raybestos-Manhattan, Inc., Reicincond 
Plastics Dept., Manheim, Pa. (K, W) 
Reeves Brothers, Inc., Plastic Div., New 
York, N. Y. (K, M, O, S) 
Resistoflex Corp., Roseland, N. J. (K, Q) 
Rex Corp., The, W. Acton, Mass. (X) 
Robinson Moulded Products Ltd., Toron- 
to, Ont., Canada (S) 
*Rohm & Haas Co., Philadelphia, Pa. (A) 
Ross & Roberts, Inc., Stratford, ee 
Rotuba Extruders, Inc., Brooklyn, N. Y. 
(A, E, O, S, X) 


Kensington, 


Rowland Products, Inc., 
Conn. (E, F F, G) 
a ‘Corporation of America, Hickes. 
Rudd Plastic Fabrics Corp., Brookly 
(S$) 
nyesem, Joseph T., & Son, Inc., Chicago, 


(S) 

St. Regis Paper Co., Panelyte Div. \ 
York, N. Y. (0. PX} 
—, Process Div., Long Island City 


Scranton Plastic Laminatin om 
Scranton, Pa. (A, E, F, o, A i 
Seiberling Rubber Co., Plastics Div., 
Newcomerstown, Ohio (O, P, S, T, x) 
ars * Ww. S., and Co., Culver ty 


Calif. Mf) 
Sheffield Plastics, Inc., ——. Mas 
), P, xX) 
Shoe Form Co., Inc., Auburn, N ¥, 
(E, F) 
Southern Plastics Co., Columbia, S. ¢ 
(A, E, F, H, J, K, M, O, P, S, T, x) 
—— Pyroxoloid Corp., | — 
ass. 
Styrene Products Ltd., London, E -. 


(P) 
Success Plastics Corp., Raerapolis, Ind. 
(A, E, O, P) 

Superior Plastics, Inc., Chicago, Si 
E, F, O, P) 
ae N., Sons, Inc., New York, 


(A, D, E, F, G, I, N, P, Q, S, T, V, x) 

Trimount Plastic Co., -» Arlington, 

Mass (F, O, P, S, T, W, xX) 

*Union Carbide International Co., Div. of 

Union Carbide Corp., New York, N. Y, 

(S, T) 

United States Acoustical Laboratories, 

Inc., Long Island City, N. Y. (5, T) 

xUnited States Gasket Co.) Camden, N. | 

(K, M) 

United er Plastic Products Corp. 

Metuchen, N. J. (A, N) 

*United States Rubber Co., Royalite = 
Chicago, IIl. 

— Iron Works Co., Cleveland 

(S) 

Mass. 


(A) 
Western Felt, o- o, Ill. 
iN M, O, P. s, W 
Westlake Plastics Co., Le nni Mills, 
(A, K, O, P, ti 


0 
Wasco Products, Inc., Cambridge 


SOLVENTS 


Alcohols 

Amines 

Esters 

. Ethers 

Furans 

Glycols 

Halogenated Compounds 
Hydrocarbons 


Ketones 

Nitriles 

Nitrohydrocarbons 

. Sulfur Compounds 

*Allied Chemical Corp., cmteaeal Div.., 
New York, N. Y. A, F) 

* Allied Chemical Corp., Plastics & ‘Cod 
Chemicals Div., New York, N. Y. (F,H) 

*American Cyanamid Co., New - 
N. Y. 


Amoco Chemicals Corp., Chicago, : 


*Antara Chemicals, Div. of iced ye 
line & Film Corp., New York, ie 


sBadisch Anilin & Soda Fabrik As Lud- 
wigshafen, W. German 

( C. D, E, F, 1.) 

Canadian Industries ., Montreal Ques 


Canada 
*Chemische Werke Huls, A.G. Marl, . 
Germany (A, C, D, F.2D 
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Colton Chemical Co., Div. of Air Reduc- 
tion Co., Inc., Cleveland, Ohio (C) 

Columbia Southern Chemical 
Pittsburgh, Pa. (GC 

x( re Petroleum Corp., Big Spring, 


Delta ‘Chemical Works, ., New Pai 


AB oe D, E. Er, L 
ne Alkali a og (G) 
Or, ie 


*Dow Chemical Co * ae 
xdu Pont de —* E. L, & Co,, 
Wilmington, Del. B, C, E,G a 
*Eastman Chemical ucts, Inc., 
port, Tenn. (A, Cc, xen 
Enjay Company Inc., New tore. % ¥ 
> > 
FMC Organic Chemicals Div., Food Ma- 
chinery & Chemical Corp., New York, 
N. Y. (A, G 
*Fine Organics, Inc., New York, * Le (G 
Fisher Scientific Co., ree b, - LL) 
Foremost Food & cna Co., Ei Do- 
rado Div., Oakland, Calif. MO) ) 
Gulf Oil Corp., Petrochemicals Dept 
Pittsburgh, Pa. (A, 0 
Hall, C. P., Co., The, Akron, Ohio (C) 
Halocarbon Products Corp., oes, 


N. J. ) 
Heyden Newport Chemical Corp., New 

York, N. Y. G 
+Hommel, O., Co., The, te + 


gy Chemical Co., Inc., Houtin, 
Kay- “Fries Chemicals, Inc., New York, 
N.Y 


‘GD D, G, L, J) 
Kenrich Corp., Maspeth, N (H) 
Kolker Chemical Corp., Newark, N. & 


*Koppers Co., Inc., Tar Products De. 
Pittsburgh, Pa. (H 
Marcus Ruth Jerome Co., Chicago, me 


Montrose Chemical Co., Newark, N. yf 
) 


— Chemical Co., San Francisco, 
lif 
Pennsalt Chemicals Corp., 2 

Pa. (A, B hi 
Pennsylvania Industrial Chena Corp 


Clairton, Pa. 
The, Chemicals =, 


Quaker Oats Co., 
Chicago, Ill. ( 
Rezolin, Inc., Santa Monica, Calif, (I 
*Rohm & Haas Co., Philadelphia, Pa. ® 
*Shell Chemical Corp., New York, N. 


Shell Oil Co., New York, N. Y. 
Tennessee a 2 & Chemical 


National Distillers and Chemical Co: 
New York, N. Y. ty 
Union Carbide Chemica!s 
Union Carbide 8 1 New York, N.Y 
(A, B,C da G, H, L é ) 
*Wallace & ment , Lucidol 
(A, CH 


Buffalo, N. Y. 
Wve Industries, Boston, Mass. 
(A, B, G, H) 


STABILIZERS 
 % Products Corp., New York, 


*Advance Solvents & Chemical, New 
Brunswick, N. J. 

\lkydol Laboratori Inc., Cicero, Iil. 

* American Cyenmaid Co., New York, 
N. 2 


*Antara Chemicals, Div. of General Ani- 
line & Film .» New York, N. Y. 
Arc her-Daniels-Mi Co., Minneapo- 
lis, Minn. 
*Argus Chemical Corp B ~ # 
*Badische Anilin & Soda pie Ag. Lud- 
wigshafen, W. Germany 
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Oil Co., Nd 
——,” York, N. 
ier N. Conn 

Chemise W ete Hie A c Marl, W. 


«Dene y Products Co., Cambridge, Mass. 
*Eagle-Picher Co., The, Cincinnati, Ohio 
*Ferro eg ., Bedford, Ohio 
*Goodrich, B. , Che Co., Cleve- 
land, Ohio 
Hall, C. P., Co., The, Akron, Ohio 
*Harshaw Chemical Co., in Saran Ohio 
Heyden Newport Chemical Corp., New 


The, Bayonne 
a 


National Lead Co., New York, N. Y. 

*Naugatuck Chemical Div., U.S. Rubber 
Co., Naugatuck, Conn. 

*Nopco Chemical Co., Harrison, N. J. 

*Nuodex Products Co., Elizabeth, N. J. 

= Co., The, New York, 


Syivieite Products Co., Cleveland, Ohio 
Union Carbide Chemicals 
Union Carbide Corp., New York, N. Y. 
*Witco Chemical Co., New York, N.Y 


SUPPORTED FILM AND SHEETING 
(See Fabrics, Coated) 


VARNISHES, INSULATING, 
LAMINATING 
(See also Coatings) 


Alkydol Laboratories, Inc., Cicero, Ill. 
Allied Chemical Corp., Plastics & Coal 
Chemicals Div., New York, N. Y. 
Archer-Daniels-Midland Co., Minneapo- 
lis, Minn. 
Armitage, John L., Co., Newark, N. J. 
Bakelite Co., ge Union Carbide Corp., 
New York, N. 
Bios Ebeotena Inc., New York, N. Y. 
Booty Resineers Div. of American Mari- 
etta Co., Newark, Ohio 
Dow Corning Corp., Midland, Mich. 
*du Pont de Nemours, Zz. i, & Co., Inc., 
Wilmin on, De 
*Im emjeal ‘Industries Ltd., Lon- 
on, England 
Ironsides Resins, Inc., Columbus, Ohio 
*Irvington Div., Minnesota Mining & 
Mfg. Co., St. Paul, Minn. 
Isochem Resins Corp., Providence, R. I. 
L & P Tool Co., Cincinnati, Ohio 
McCloskey Varnish Co., Philadelphia, Pa. 
—— ——— “The, Long Island 
i 
Mol-Rez Division, American Petrochem- 
ical Corp., Minneapolis, Minn. 
Plastics Engineering Co., Sheboygan, 


Wis. 
Polymer Industries, Inc., Springdale, 


*Polyplastex United, Inc. ete. N. J. 
m Corp., New York, N 

Research S les, Inc., Malwouh. N. 4 

ee Co., The, New York, 

Stoner-Mudge Co., Div. of American- 
Marietta Co., Pittsburgh, Pa. 

— Chemicals Div., Sullivan Varnish 

, Chicago, Ill. 

Sitisetes Div., Union Carbide Corp., 
New York, N. Y. 

Steelcote Mfg. Co., St. Louis, Mo. 

Witte, John H., & Sons, Burlington, Iowa 


VULCANIZING AGENTS 
me a Products Corp., New York, 


ae Cyanamid Co., New York, 
*Badische Anilin & Soda Fabrik Ag., Lud- 


wigshafen, W. Germany 
Bios Tabecatistin, Inc., iw York, N. Y. 


Div. of 


du a L, & Co., Wil- 


<—— Ranta Industries Ltd., Lon- 
England 

augatuck Chemical Div., U.S. Rubber 

— “Cay Naugatuc Conn. 

Pennsalt Che micais Corp., Phila., Pa. 
Thiokol Chemical Corp., Tre »nton, N. J. 
*United States Rubber Co., N. Y., N. Y. 
Wye Industries, Boston, Mass. 


WETTING AGENTS 


Adhesive Products Corp., N. Y., N. Y. 

*Advance Solvents & Chemical, New 
Brunswick, N. J. 

Air Reduction Chemical Co., a ‘Hee Be Se 
*American Cyanamid Co., N. in N. Y. 
*American Molding Powder & Chemical 

Corp., Brook! 
* Antara Che New York, N. Y 
*Badische Aniline & Soda Fabrik Ag., 
Ludwigshafen, W. Germany 
Bios Laboratories, Inc., New York, N. Y. 
Chemical and mane Associates, 
Upper Darby, P. 
*Chemische Werke “Huls, A.G., Marl, W. 
Germany 

Ciba Co., Inc., New York, N. Y. 

*du Pont de Nemours, E. I. & Co., Inc., 

Wilmington, Del. 

*Ferro Corp., Color Div., Confees. Ohio 
Glyco Products Co., Inc., .Y. 
Hall Co., C. P., The, py oe Ohio 

#Imperial Chemical Industries Ltd., Loa- 

on, England 

Jefferson hemical Co., g Seeusten. Tex. 
Kessler Chemical Co., , Phila., Pa. 
Krieger Color & Ceraieal Co., Inc., Los 

- Angeles, Calif. 

LaMode Plastic Co., Inc., N. Y., N. Y. 

Lord Chemical Corp., York. Pa. 

Marcus Ruth Jerome Co., Chicago, Ill. 

Merix Chemical Co., Chicago, Ill. 

Morton-Withers Chemical Co., Div. of 

Chas. Pfizer & Co., Greensboro, N. C. 

National Aluminate Corp., Chicago, III. 

Nopco Chemical Co., Harrison, N. J. 

Oronite Chemical Co., San Francisco, 

Calif. 

Pennsalt Chemicals Corp., Phila., Pa. 

*Plastic —a Supply Co., Inc., Fan- 


wood, Pest 
#Reichhold Cc emicals, Inc., White Plains, 


Research Sales, Inc., Mahwah, N. J. 
*Rohm & Haas Co., Philadelphia, Pa. 

Superior Materials, Inc., New York, N. Y. 

Swift & Co., Hammond, Ind. 

Teitelbaum Sons, N., Inc., N. ; ee A 

Union Carbide Chemicals Co., Div. of 
Union Carbide Corp., New York, N. Y. 

Silicones Div., Union Carbide Corp., 
New York, N. Y. 

Wye Industries, Boston, Mass. 


ABS POLYMER BLEND 
(Acrylonitrile-Butadiene-Styrene) 


*Bolta Products Inc., Div. General Tire & 
Rubber Co., Lawrence, Mass. 
*Chicago Products Corp., Chi- 


ca 
Jet Specialty Sales Co., Los Angeles, 


. 2 Corp., Ypsilanti, Mich. 
The Masland Duraleather Co., Philadel- 


hia, Pa. 
Oo’ Sullivan Rubber Corp., Winchester, Va. 
Plax ww Nang Hartford, Conn. 
lastics Corp., Paterson, N. J. 
St. Regis NT Co., Panelyte Div. . New 


York, 
Sandee Mfg. Co., Chicago, Ill. 
— Rubber Co., Newcomerstown, 
Southern Plastics Co., Columbia, S. C. 
*United States Rubber Co. Royalite Plas- 
tic Products, Chicago, Mil. 











MACHINERY 


For related editorial information see pp. 678, 940 





ABRASIVE FORMING MACHINES 


*Elmes Engineering Div., American Steel 
Foundries, Cincinnati 29, Ohio 
Engineering Laboratories, Inc., Pompton 
Lakes, N. J. 
*Erie Foundry Co., Erie 6, Pa. 
Lake Erie Machinery Corp., Kenmore 17, 
N. Y. 


AUTOMATIC THERMOSETTING 
MOLDING MACHINES 


(See also Compression— 
Fully Automatic) 


Automatic Molding Machine Co., Los 
Angeles 18, Calif. 
*B.LP. Engineering Ltd., Sutton Coldfield, 
England 
Baker Bros., Inc., Toledo, Ohio 
*Battenfeld Maschinenfabriken GMBH, 
Meinerzhagen, W. Germany 
*Covema, s.r.l, Milan, Italy 
*Elmes Engineering Div., American Steel 
Foundries, Cincinnati 29, Ohio 
*Hull-Standard Corp., Hatboro, Pa. 
Lake Erie Machinery Corp., Kenmore 17, 
N. Y. 
Logan Hydraulics, Inc., Chicago, II. 
Machine Factory and Foundry Ltd., 
Netstal/Gl., Switzerland 
*Mercury Industries, Inc., Hillsdale, N. J. 
*Stokes, F. J. Corp., Philadelphia, Pa. 


BEVELING MACHINES 


Eastman Machine Co., Buffalo 3, N. Y. 
*Fecken-Kirfel, Aachen, W. Germany 
Lupoline Automatic Polishing Equip- 
ment Corp., Tuckahoe, N. Y. 
*Mico Instrument Co., Cambridge, Mass. 
New Hermes Engraving Machine Corp., 
Inc., New York 3, N. Y. 
*Royle, John, & Sons, Paterson 3, N. J. 
Sommer and Maca Glass Machinery Co., 
Chicago, Ill. 
*Standard Tool Co., Leominster, Mass. 


BLENDING MACHINES 


* Abbe, Paul O., Inc., Little Falls, N. J. 
Abbe Engineering Co., New York, N. Y. 
*Bailey, R. N., & Co., Inc., New York 36, 
N. Y. 
Buss Ltd., Basel 2, Switzerland 
Day, J. H., Co., Div. of Cleveland Auto- 
matic Machine Co., Cincinnati 12, 
Ohio 
*Entoleter Div., Safety Industries, Inc., 
New Haven, Conn. 
*Farrel-Birmingham Co., Inc., Ansonia, 
Conn. 
First Machinery Corp., Brooklyn 15, N. Y. 
Mitchell Specialty Div., Industrial Enter- 
prises, Inc., Philadelphia, Pa. 
Munson Mill Machinery Co., Utica, N. Y. 
Patterson Foundry and Machine Co., The, 
E. Liverpool, Ohio 
*Rainco Mfg., Inc., Franklin, Pa. 
Rapids Machinery Co., Inc., 
Iowa 


Marion, 
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*Read Standard, Div. of Capitol Products 
Corp., York, Pa. 
*Reliable Rubber & Plastic Machine Co., 
Inc., N. Bergen, N. J. 
Ross, Charles, & Son Co., Brooklyn 5, 
N. Y. 
S.M.C. Special Machine Corp., New York 
13, N. Y. 
Sprout, Waldron & Co., Inc., Muncy, Pa. 
Sturtevant Mill Co., Boston, Mass. 


BLOW MOLDING MACHINES 


*xArmaturen v Machinenfabrik, Lohmar, 
W. Germany 
*Battenfeld Maschinenfabriken GMBH 
Meinerzhagen, W. Germany 
Blow-O-Matic Corp., The, Bridgeport, 
Conn. 
Machine Factory and Foundry Ltd., 
Netstal/Gl., Switzerland 
Newark Die Co., Newark, N. J. 
V & O Press Co., Div. Emhart Mfg. Co., 
Hudson, N. Y. 


BLOWERS, PORTABLE ELECTRIC 
(Dust, Dry Air, etc.) 


Electric Trading Co., New York 13, N. Y. 
Standard Electric Mfg. Co., W. Berlin, 
N. J. 


BUFFING MACHINES 


Curtis Machine Div., Jamestown, N. Y. 

Divine Brothers Co., Utica, N. Y. 

Foredom Electric Co., New York 7, N. Y. 

*Kramer, H. W., Co., Inc., Richmond Hill 

18, N. Y. 

Sommer and Maca Glass Machinery Co., 
Chicago, Ill. 

Stow Mfg. Co., Binghampton, N. Y. 

Turner Tanning Machinery Co., The, 
Peabody, Mass. 

Wyzenbeek and Staff, Chicago, II. 


CALENDERING MACHINES 


*Adamson United Co., Akron 4, Ohio 
Albert, L., & Son, Trenton, N. J. 
*Black-Clawson Co., Inc., Dilts Div., Ful- 
ton, N. Y. 
*Bolling, Stewart & Co., Cleveland 27, 
Ohio 
Comerio Co., The, Guttenberg, N. J. 
*Covema, s.r.1, Milan, Italy 
Custom Machine & Design Co., Inc., 
Akron 9, Ohio 
*Farrel-Birmingham Co., Inc., Ansonia, 
Conn. 
*Herman Berstorff Maschinenbau-Anstalt 
GMBH, Hanover, W. Germany 
*Johnson Machinery Co., Newark 5, N. J. 
*Liberty Machine Co., Inc., Paterson, N. J. 
*Litzler, C. A., Co., Inc., Cleveland 9, 
Ohio 
*Reliable Rubber & Plastic Machine Co., 
Inc., N. Bergen, N. J. 
Ross, Charles, & Son Co., Brooklyn 5, 
A 
*Shaw, Francis, & Co., Ltd., Manchester, 
England 


Sherman Rubber Machinery Co., pjy. 
of Botwinik Brothers, Worcester | 
Mass. 

Sturtevant Mill Co., Boston, Mass. 

*Thropp, Wm. R., & Sons, Div. of J. 4 
Lehmann Co., Inc., Lyndhurst, \ J 


COATING MACHINES 
A. Air Knife Coating 
B. Dip Coating 
C. Flame Spraying 
D. Roller Coating 


Abbott Plastic Machine Corp., Chicag 
26, Ill. (D) 
*Akron Presform Mold Co., Cuyahom 
Falls, Ohio (8) 
Al-Be Industries, Bell Gardens, Calif, (p) 
*Appleton Machine Co., Doven Diy, 
Appleton, Wis. (A, B, DI 
*Apex Machine Co., College Point % 
(B,D) 
*Black-Clawson Co., Inc., Dilts Div., Ful- 
ton, N. Y. (A, B, D) 
*Blue, E. B., Co., S. Norwalk, Conn. 8) 
Comerio Co., Guttenberg, N. J. (A, D) 
*Covema, s.r.]., Milan, Italy (A) 
Devilbiss Co., The, Toledo 1, Ohio. 8) 
Dornbusch & Co., Krefeld, W. Germany 
(A, B,D) 
*Dusenbury, John, Co., Inc., Verona, N. J. 
(A, D) 
*Egan, Frank W., & Co., Somerville, N. J. 
(B, D) 
*Faeco Machine Co., Inc., Paterson, N. J. 
(D) 
*Finish Engineering Co., Inc., Erie, Pa. (D) 
*Hartig Engine & Machine Co., Mour- 
tainside, N. J. 
*Hofman & Schwab, K. G., Krefeld, W. 
Germany (A, B, D) 
Industrial Ovens, Inc., Cleveland 1l, 
Ohio (B,D) 
*Liberty Machine Co., Inc., Paterson, 
N. J. (A.D) 
*Litzler, C. A., Co., Inc., Cleveland 4, 
Ohio (B,D 
Mercury Industries, Inc., Hillsdale, N L 
B) 
Polymer Processes, Inc., Reading, Pa. () 
*Prodex Corp., Fords, N. J. 
Schori Process Div., Long Island City |, 
N.Y. C 
Shannon Co., Alexander J., The, New 
York 38, N. Y. HY 
Sherman Rubber Machinery Co., Div,. 
Botwinik Brothers, Worcester |, or - 


Swan Machine Co., New York, ed 
(A, 


*Waldron, John, Corp., The, New Bruns 


wick, N. J. (A, D 
COMPOUNDING MACHINES 
Albert, L., & Son, Trenton, N. J. 
*Armaturen v Machinenfabrik, Lohm', 
W. Germany : 
Beardsley & Piper Div. P. M. Co., hi 
cago 39, Ill. 
Buss, Ltd., Basel 2, Switzerland 
*Covema, s.r.l., Milan, Italy 
*Egan, Frank W., & Co., Somerville, N. ) 





mar, 


Fabbr. Prodotti Termoplastici, Varese, 


> ’ 


Conn. 
Hale and Kullgren, Inc., Akron 10, Ohio 
*Hartig Engine & Machine Co., Moun- 
tainside, N. J. 
xJohnson Machinery Co., Newark 5, N. J. 
Mitchell Specialty Div., Industrial Enter- 
prises, Inc., Philadelphia, Pa. 
*Prodex Corp., Fords, N. J. 
*Progressive Machine Co., Inc., Paterson 
4,N. J. 
Ross, Charles, & Son Co., Brooklyn, N.Y. 
*Shaw, Francis & Co., Ltd., Manchester, 
England 
Welding Engineers, Inc., Norristown, Pa. 


COMPRESSORS, AIR 


Allis-Chalmers Mfg., Milwaukee, Wis. 

American Air Compressor Co., N. Ber- 
gen, N. J. 

Beach-Russ Co., New York 7, N. Y. 

Binks, Mfg. Co., Chicago 12, Ill. 

Carrier Corp., Syracuse 1, N. Y. 

DeVilbiss Co., The, Toledo 1, Ohio 

Electric Trading Co., New York 13, N. Y. 

Lawton, C. A., Co., The, DePere, Wis. 

Nash Engineering, S. Norwalk, Conn. 

Pennsylvania Pump & Compressor Co., 
Easton, Pa. 

Quincy Compressor Co., Quincy, III. 


COOLING MACHINES 


*Akron Presform Mold Co., Cuyahoga 
Falls, Ohio 
Al-Be Industries, Bell Gardens, Calif. 
*Black-Clawson Co., Inc., Dilts Div., 
Fulton, N. Y. 

*Blue, E. B., Co., S. Norwalk, Conn. 
Carrier Corp., Syracuse 1, N. Y. 

*xCustom Engineering Co., Erie, Pa. 
Electric Trading Co., New York 13, N. Y. 
Fabbr. Prodotti Termoplastici, Varese, 

Italy 
*Herman Berstorf Maschinenbau-Anstalt 
GMBH, Hanover, W. Germany 
*Liberty Machine Co., Inc., Paterson,, 
N. J. 
*Litzler, C. A., Co., Inc., Cleveland 9, 
Ohio 
Mayer Refrigerating Engineers, Inc., Lin- 
coln Park, N. J. 
Mercury Industries, Inc., Hillsdale, N. J. 
Vie Mfg. Co., Minneapolis, Minn. 


CUT-OFF MACHINES 


*Akron Presform Mold Co., Cuyahoga 
Falls, Ohio 
Al-Be Industries, Bell Gardens, Calif. 
Allison-Campbell Div., American Chain 
& Cable Co., Inc., Bridgeport 2, Conn. 
American Instrument Co., Inc., Silver 
Spring, Md. 
*Appleton Machine Co., Doven Div., 
Appleton, Wis. 
Barker-Davis Machine Co., Inc., Leomin- 
ster, Mass. 
“- Charles, Machine Corp., King of 
russia, Pa, 
Brown Machine Co., Beaverton, Mich. 
*Conapac Corp., New York 3, N. Y. 
bar mere o Engineering Co., Inc., Provi- 
aence l, R. I. 
Diehl, G. M., Machine Works, Inc., The, 
Wabash, Ind. 
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DoAll Co., The, Des Plaines, Ill. 
Dornbusch & Co., Krefeld, W. Germany 
Fabbr. Prodotti Termoplastici, Varese, 
Italy 
*Faeco Machine Co., Inc., Paterson, N. J. 
*Falls Engineering & Machine Co., Cuya- 
hoga Falls, Ohio 
*Fecken-Kirfel, Aachen, W. Germany 
*Foster & Allen, Inc., Garwood, N. J. 
Glass Laboratories Inc., Brooklyn, N. Y. 
*Goulding Mfg. Co., Saginaw, Mich. 
Hobbs Mfg. Co., Worcester, Mass. 
Kel-Min Co., Middlefield, Ohio 
Ketchpel Engineering Corp., W. Engel- 
wood, N. J. 
*Liberty Machine Co., Inc., Paterson, 
N. J 


*Litzler, C. A., Co., Inc., Cleveland 9, 
Ohio 
*Lupoline Automatic Polishing Equip- 
ment Corp., Tuckahoe, N. Y. 
O’Neil-Irwin Mfg. Co., Lake City, Minn. 
*Progressive Machine Co., Inc., Paterson 
4,N. J. 
*Rainville Co., Inc., The, Garden City, 
N. Y. 
*Reifenhauser Plastics Machinery 
Troisdorf Bez-Koln, W. Germany 
*Robbins Plastic Machinery Corp., Elk- 
hart, Ind. 
Ruf Machine Co., Inc., N. Y., N. Y. 
Sommer and Maca Glass Machinery Co., 
Chicago, Ill. 
Spadone Machine Co., Inc., S$. Norwalk, 
Conn. 
*Thropp, Wm. R., & Sons, Div. of J. M. 
Lehmann Co., Inc., Lyndhurst, N. J. 
Vern Emery Co., Sun Valley, Calif. 
*Waldron, John, Corp., The, New Bruns- 
wick, N. J. 
Western Supplies Co., St. Louis, Mo. 


Co., 


CUTTERS 


A. Guillotine 
B. Multi-Layer Film 
Al-Be Industries, Bell Gardens, Calif. (A) 
Albert, L., & Son, Trenton, N. J. (A) 
*Appleton Machine Co., Doven Div., 
Appleton, Wis. (A) 
Baker-Davis Machine Co., Inc., Leomin- 
ster, Mass. (A) 
Comerio Co., The, Guttenberg, N. J. (A) 
Custom Machine & Design Co., Inc., Ak- 
ron 9, Ohio (A) 
Eastman Machine Co., Buffalo, N. Y. (B) 
Falls Engineering & Machine Co., Cuya- 
hoga Falls, Ohio 
*Famco Machine Co., Kenosha, Wis. 
*Fecken-Kirfel, Aachen, W. Germany (A) 
Game Brothers & Lane, Inc., Chicago 7, 
Ill. (A) 
Hobbs Mfg. Co., Worcester, Mass. 
*Karlton Machinery Corp., Chicago, III. (A) 
Lawson Co., Div. of Miehle-Goss-Dexter, 
New York 1, N. Y. (A) 
*Lupoline Automatic Polishing Equip- 
ment Corp., Tuckahoe, N. Y. (A) 
Maimin, H., Co., Inc., New York 18, 
% a (B) 
Merritt-Solem Div., Solem Machine Co., 
Lockport, N. Y. (A) 
Miller, Franklin P., & Son, Inc., E. 
Orange 16, N. J. (A) 
*Progressive Machine Co., Inc., Paterson 
4,N. J. (A) 
*Reliable Rubber & Plastic Machine Co., 
Inc., N. Bergen, N. J. (A) 


*Robbins Plastic Machinery Corp., Elk- 
hart, Ind. (A) 
S.C.A.E, Firenze, Italy (A) 
Spadone Machine Co., Inc., S. Norwalk. 
Conn. (A, B) 
Sprout, Waldron & Co., Inc., Muncy, Pa. 
Tronomatic Machine Mfg. Corp., New 
York, N. Y. (B) 
Utility Mfg. Co., Cudahy, Wis. (A) 
Vern Emery Co., Sun Valley, Calif. (A) 


CUTTING AND SLITTING 
MACHINES, FIBROUS GLASS 


Abbe Engineering Co., New York, N. Y. 

* Appleton Machine Co., Doven Div., Ap- 

pleton, Wis. 

*Dusenbery, John Co., Inc., Verona, N. J. 
Eastman Machine Co., Buffalo 3, N. Y. 
Erie Engine & Mfg. Co., Erie, Pa. 

*Falls Engineering and Machine Co., Cu- 

yahoga Falls, Ohio 

*Fecken-Kirfel, Aachen, W. Germany 
Finn and Fram, Sunland, Calif. 
Johnstone Engineering & Machine Co., 

Parkesburg, Pa. 
*Liberty Machine Co., Inc., Paterson, N. J. 
Maimin, H., Co., Inc., New York 18, N. Y. 
Ruf Machine Co., Inc., N. Y., N. Y. 
Spadone Machine Co., Inc., S. Norwalk, 
Conn. 

Studebaker Hydraulic Products Co., Mel- 
rose Park, Ill. 

Sturtevant Mill Co., Boston, Mass. 

Swan Machine Co., New York, N. Y. 

*Taylor-Stiles & Co., Riegelsville, N. J. 
Turner Machine Co., Inc., Danbury, 

Conn. 
Western Supplies Co., St. Louis, Mo. 


DEFLASHING MACHINES 


Buttondex Corp., New York 16, N. Y. 
*Falls Engineering and Machine Co., Cu- 
yahoga Falls, Ohio 
Ketchpel Engineering Corp., W. Engel- 
wood, N. J. 
*Lupoline Automatic Polishing Equip- 
ment Corp., Tuckahoe, N. Y. 
*Nash, J. M., Co., Inc., Milwaukee 45, 
Wis. 
Pangborn Corp., Hagerstown, Md. 


DENSIFYING MACHINES 


Beardsley & Piper Div. PM Co., Chicago 
39, Ill. 


DICING, CHOPPING, AND CUTTING 
MACHINES 


Al-Be Industries, Bell Gardens, Calif. 
*Alsteele Engineering Works, Inc., Fram- 
ingham, Mass. 
Atlas-Sandt Corp., New York 11, N. Y. 
Ball & Jewell, Inc., Brooklyn 22, N. Y. 
Buss Ltd., Basel 2, Switzerland 
*Covema, s.r.l., Milan, Italy 
*Cumberland Engineering Co., Inc., Provi- 
dence 1, R. I. 
DoAll Co., The, Des Plaines, IIl. 
Doven Machine & Engineering Inc., Chi- 
cago 12, Ill. 
*Egan, Frank W., & Co., Somerville, N. J. 
Fabbr. Prodotti Termoplastici, Varese, 
Italy 
*Fecken-Kirfel, Aachen, W. Germany 
Foremost Machine Builders, Inc., Living- 
ston, N. J. 
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Hale and Kullgren, Inc., Akron 10, Ohio 
— Engine & Machine Co., Mountain- 
side, N. J. 
* Johnson Mdschinery Co., Newark 5, N. J. 
*Killion Tool & Mfg. Co., Verona, N. J. 
Lavorazione Materie Plastiche S.A.S., 
Turin, Italy 
Miller, Franklin P., & Son., 
ange 16, N. J. 
Mitts & Merrill, Inc., Saginaw, Mich. 
*Modern Plastic Machinery Corp., Lodi, 


Inc., E, Or- 


N. J. 

*National Rubber Machinery Co., Akron 
8, Ohio 

*Rainville Co., Inc., The, Garden City, 
N. Y. 

Spadone Machine Co., Inc., S. Norwalk, 

Conn. 

*Taylor-Stiles & Co., Riegelsville, N. J. 

*Van Dorn Iron Works Co., Cleveland, 
Ohio 


EXTRUDING MACHINES 


*Armaturen v Machinenfabrik, Lohmar, 
W. Germany 
Baker Perkins, Inc., Saginaw 3, Mich. 
*Battenfeld Maschinenfabriken GMBH, 
Meinzerhagen, W. Germany 
Buss Ltd., Basel 2, Switzerland 
Comerio Co., The, Guttenberg, N. J. 
*Covema, s.r.1., Milan, Italy 
Custom Machine & Design Co., Inc., Ak- 
ron 9, Ohio 
Davis-Standard Div., Franklin Research 
Corp., Mystic, Conn. 
*Egan, Frank W., & Co., Somerville, N. J. 
Electrophysical Engineering Co., Div. of 
National Automotive Fibres, Inc., 
Orange, Calif. 
*Erie Foundry Co., Erie 6, Pa. 
Fabbr. Prodotti Termoplastici, Varese, 
Italy 
*Farrel-Birmingham Co., 
Conn. 
Hale and Kullgren, Inc., Akron 10, Ohio 
*Hartig Engine & Machine Co., Mountain- 
side, N. J. 
*Herman Berstorff Maschinbau-Anstalt 
GMBH, Hanover, W. Germany 
*Karlton Machinery Corp., Chicago 11, Ill. 
*Killion Tool & Mfg. Co., Verona, N. J. 
Lavorazione Materie Plastiche S.A.S., 
Turin, Italy 
*Litzler, C. A., Co., Inc., Cleveland 9, 
Ohio 
*Modern Plastic Machinery Corp., Lodi, 


Inc., Ansonia, 


N. J. 

*National Rubber Machinery Co., Akron 
8, Ohio 

*Negri, Bossi & Co., Milan, Italy 

*Peco Machinery Sales (Westminster) Ltd., 
London, England 

*Prodex Corp., Fords, N. J. 


*Rainville 
N. Y. 
*Reed Prentice, Div. of Package Machin- 
ery Co., E. ‘Longmeadow, Mass. 
*Reifenhauser Plastics Machinery Co., 
Troisdorf Bez-Koln, W. Germany 
*Royle, John, & Sons, Paterson 3, N. J. 
*Shaw, Francis, & Co., Ltd., Manchester, 
England 
Sunlite Plastics, Inc., Milwaukee, Wis. 
Thermoplastic Process, Stirling, N. J. 
* Welding Engineers, Inc., Norristown, Pa. 
*Windsor, R. H., Ltd., Chessington, Sur- 
rey, England 
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Co., Inc., The, Garden City, 
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FILM CUTTING MACHINES 


*Armaturen v Machinenfabrik, Lohmar, 
W. Germany 
Atlas-Sandt Corp., New York 11, N. Y. 
*Appleton Machine Co., Doven Div., Ap- 
pleton, Wis. 

Eastman Machine Co., Buffalo 3, N. Y. 
Elmo International, Guttenberg, N. J. 
*Guild Electronics, Inc., New York 13, 

N. Y. 
Hofman & Schwabe, K. G., Krefeld, W. 
Germany 
*Liberty Machine Co., Inc., Paterson, N. J. 
Maimin, H., Co., Inc., New York 18, N. Y. 
Ruf Machine Co., Inc., N. Y., N. Y. 
S.C.A.E. Firenze, Italy 
Spadone Machine Co., Inc., S. Norwalk, 
Conn. 


FLEXOGRAPHIC PRINTING PRESSES 
(See also Plastic Printing Presses) 
Apex Machine Co., College Point 56, 

N. Y. 

*Black-Clawson Co., Inc., Dilts Div., 
ton, N. Y. 

*Conapac Corp., New York 3, N. Y. 


Hamilton Tool Co., The, Hamilton, Ohio 
Lembo Machine Works, Inc., Paterson, 


Ful- 


N. J. 
*Reifenhauser Plastics Machinery Co., 
Troisdorf Bez-Koln, W. Germany 
Shannon, Alexander J., Co., The, New 
York 38, N. Y. 
Swan Machine Co., New York, N. Y. 
Wolverine Paper Converting Machinery 
Corp., Detroit, Mich. 


FOAMING MACHINES 


Automatic Process Control, Union, N. J. 
Dennis Chemical Co., St. Louis 3, Mo. 
*Fecken-Kirfel, Aachen, W. Germany 
*Goulding Mfg. Co., Saginaw, Mich. 
Kreidl Chemico Physical Co., New York 
21, N. Y. ’ 
*Mitchell Specialty Div., Industrial Enter- 
prises, Inc., Philadelphia, Pa. 
Newton Tool & Mfg. Co., Inc., Wenonah, 
N. J. 
Nopco Chemical Co., Harrison, N. J. 
*Rainville Co., Inc., "The, Garden City, 
N.Y. 
S.M.C., Special Machine Corp., New York 
13, N. Y. 
Sweets, Martin, Co., Louisville, Ky. 
Williams, Gabriel Co., Freeport, Long 
Island, N. Y 


FRAZING MACHINES 
*Kramer, H. W., Co., Inc., Richmond Hill 
18, N. Y. 
*Standard Tool Co., Leominster, Mass. 


GRANULATING MACHINES 


Abbe Engineering Co., New York 7, N. Y. 

Acme Machinery & Mfg. Co., Inc., Yonk- 
ers, N. Y. 

Allis-Chalmers Mfg. Co., Milwaukee 1, 


Wis. 

*Alsteele Engineering Works, Inc., Fram- 
ingham, Mass. 

American Pulverizer Co., St. Louis 10, 

Mo. 

*Armaturen v Machinenfabrik, Lohmar, 
W. Germany 

*Bailey, R. N., "& Co., Inc., New York 36, 
N. Y. 

*Battenfeld Maschinenfabriken GMBH, 
Meinzerhagen, W. Germany 


Ball & Jewell, Inc., Brooklyn 22, N. y. 

*Brosites Machine Co., Inc., New York 7 
N. Y. 

Buss, Ltd., Basel 2, Switzerland 

Colton, Arthur, Co., Detroit 7, Mich 

Comerio Co., The, Guttenberg, N. J. 
*Covema, s.r.l., Milan, Italy 
*Cumberland Engineering 


Co., Inc., Proyi. 
dence 1, R. I. 
*De Mattia Machine & Tool Co., Clifton, 
N. J. 
Entoleter Div., Safety Industries, Inc, 
New Haven, Conn. 
Fabbr. Prodotti Termoplastici, 
Italy 
Foremost Machine Builders, Inc., Living. 
ston, N. J. 
*Hartig ey & Machine Co., Mountaip. » 


Varese, 


side, N. J. 
Henschell-Werke GMBH, Kassel, 
Deutsche Bundesrepublik 
Injection Molders Supply Co., Cleveland 
20, Ohio ‘ 
*M & N Modern Hydraulic Press, Clifton, 


N. J. 
Miller, Franklin P., & Son, Inc., £. 
Orange 16, N. J. 
Modern Plastic Machinery Corp., Lodi 
N. J. 
*National Rubber Machinery Co., Ak 
8, Ohio 
*Negri, Bossi & Co., Milan, Italy 

Pulva Corp., Perth Amboy, N. J. j 

*Pulverizing Machinery Div., Metals Dis 
integrating Co., Inc., Summit, N. J. 

*Rainville, Co., Inc., The, Garden City, 
N. Y. 

Sturtevant Mill Co., Boston, Mass. 
*Taylor-Stiles & Co., Riegelsville, N. J. 
*Thoreson-McCosh, Inc., Detroit, Mich. 
*Van Dorn Iron Works Co., Cleveland, 

Ohio 


HEAT SEALING MACHINES 
A. Electronic 
B. Conductive, Non-Portable 
C. Conductive, Portable 


*Akron Presform Mold Co., Coyeg 
Falls, Ohio 


Island City 1, N. Y. 
Barr Corp., The, Richmond Hill, N. . 


Callanan, J. A., Co., Chicago 6, III. (A,B 
— Mfg. "Co., " Inc., Cambridge q 
(B, 
Chafee, Ralph, & Co., San Francisco l4 
Calif. (B,0) 
Comerio Co., The, Guttenberg, N. k d 
*Cosmos Electronic Machine Corp., New 
York 12, N. Y. (A, BO 
*Cosom Engineering Corp., Minne 
16, Minn. 
*D & R Plastic Welders, Inc., ss ail 
Conn. 0 


Erdco Engineering Corp., Addison, U 
Electronic Processes Corp. of = 





Industron Corp., Newton 61, Mass. (A) 
Kabar Mfg. Corp., New York 62, N. Y. (A) 
Kel-Min Co., Middlefield, Ohio (C) 
LaRose, W. T. & Associates, Inc., baer 
N. Y. 
*Liberty Cutting Die Co., New York me 
N. Y. 
*Mayflower Electronic Devices, Inc., Lit- 
tle Ferry, N. J. (A) 
Mercury Heat Sealing Equipment Co., 
Philadelphia 33, Pa. (B, C) 
Packaging Industries Ltd., Inc., Mont- 
clair, N. J. (B) 
*Peterson, A. W. & Sons Die Co., New 
York, N. Y. (A) 
Plastic Fabricants, Div. of The Wood- 
man Co., Decatur, Ga. (C) 
Plastic Welding Corp., Newark 12, N. J. 
(A, B, C) 
*Radio Receptor Co., Inc., New York 11, 
N. Y. (A) 
Raven Industries, Inc., Sioux Falls, “s 
Raybond Electronics, Inc., Newton High- 
lands 61, Mass. (A) 
Reeve Electronics, Inc., Chicago 6, Ill. (A) 
kReifenhauser Plastics Machinery Co., 
Troisdorf Bez-Koln, W. Germany 
Sealine Mfg. Corp., Chicago 4, Ill. (C) 
Sealomatic Electronics Corp., Los Angeles 
21, Calif, (A, B) 
Sherman Industrial Electronics Co., Belle- 
ville, N. J. (A) 
Societe de L’Electronique Francaise, 
Asnieres, France (A) 
Tronomatic Machine Mfg. Corp., New 
York, N. Y. (A, B, C) 
V & O Press Co. Div., The, Emhart Mfg. 
Co., Hudson, N. Y. ° (B) 
Vert Rod Corp., Brooklyn, N. Y. (B,C) 
Weld Edge Plastics, Inc.. Newark, N. J. 


(A) 
Young Brothers Co., Cleveland, Ohio (A) 


INJECTION MOLDING MACHINES 


Asmidar Plastic Moulding Machines, Ltd., 
London S.W. 1, England 
*Battenfeld Maschinenfabriken GMBH, 
Meinerzhagen, W. Germany ‘ 
_Becker & van Hiillen, Krefeld, W. Germ- 
any 
British Machines & Foundry Supplies, 
Ltd., Div. of British Industries Corp., 
Port Washington, N. Y. 
*Brosites Machine Co., Inc., New York 7, 
N. Y. 
*Clifton Hydraulic Press Co., Clifton, N. J. 
*Covema, s.r.L, Milan, Italy 
*Daniels, T. H. & J., Ltd., Gloucestershire, 
England 
*De Mattia Machine & Tool Co., Clifton, 
N 


N.J 
— i. Doll, Ltd., London W. 14, 
ngianc 
*F.LM.S.A.L Spa, Milan, Italy 
— Gear Shaper Co., The, Spring- 
lel ’ Vt. 
Harvey, Guy P. & Sons Corp., Leomin- 
ster, Mass. 
*Hydraulic Press Mfg. Co., The, Mt. 
Gilead, Ohio 
*Improved Machinery, Inc., Nashua, N. H. 
*Karlton Machinery Corp., Chicago 11, Il. 
*Lester-Phoenix, Inc., Cleveland 13, Ohio 
Lombard Governor Corp., Ashland, Mass. 
*Lewis Welding & Engineering Corp., 
Cleveland 17, Ohio 
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Machine Factory and Foundry, Ltd., 
Netstal/Gl., Switzerland 
*Moslo Machinery Co., Cleveland 15, 
Ohio 
*National Automatic Tool Co., Inc., Rich- 
mond, Ind. 
*Negri, Bossi & Co., Milan, Italy 
Newark Die Company, Newark, N. J. 
*Newbury Industries Inc., Newbury, Ohio 
New England Engineering & Mfg. Co., 
Worcester, Mass. 
*Peco Machinery Sales (Westminster) Ltd. 
London S.W.1, England 
Plastic Processing Co., Flint 1, Mich. 
Plastics, Inc., Pasadena, Calif. 
*Rainville Co., Inc., The, Garden City, 
N. Y. 
*Reed-Prentice, Div. of Package Machin- 
ery Co., E. Longmeadow, Mass. 
*Shaw, Francis & Company Ltd., Man- 
chester, England 
*Simplomatic Mfg. Corp., 4416 W. Chi- 
cago Ave., Chicago 51, Ill. 
Societe de L’Electronique Francaise, 
Asnieres, France 
*Standard Tool Co., Leominster, Mass. 
*Stokes, F. J., Corp., Philadelphia, Pa. 
*Triulzi A.-Off. S.A.S., Novate (Milan), 
Italy 
*Van Dorn Iron Works Co., Cleveland, 
Ohio 
*Watson-Stillman Press Div., Farrel-Birm- 
ingham Co., Inc., Rochester, N. Y. 
*Windsor, R. H., Ltd., Chessington, Sur- 
rey, England 


IMPREGNATING MACHINES 


*Akron Presform Mold Co., Cuyahoga 
Falls, Ohio 

*Black-Clawson Co., Inc., Dilts Div., 
Fulton, N. Y. 

Comerio Co., The, Guttenberg, N. J. 
*Egan, Frank W., & Co., Somerville, N. J. 
Elmo International, Guttenberg, N. J. 
*Faeco Machine Co., Inc., Paterson, N. J. 
*Farrel-Birmingham Co., Inc., Ansonia, 

Conn. 
High Vacuum Equipment Corp., Hing- 
ham, Mass. 
Hoffman & Schwabe K. G., Krefeld, W. 
Germany 
Hull Corp., Hatboro, Pa. 
*Hull-Standard Corp., Hatboro, Pa. 
Hunt, Rodney Machine Co., Orange, 
‘ Mass. 
— ial Ovens, Inc., Cleveland 11, 
Ohio 
*Litzler, C. A., Co., Inc., Cleveland, Ohio 
Mateer, G. Diehl, Co., Wayne, Pa. 
*NRC Equipment Corp., Newton 61, Mass. 
Nureco, Inc., Canston 10, R. I. 
S.M.C. Special Machine Corp., New York 
13, N. Y. 
Seal Cast Co., Inc., Philadelphia 25, Pa. 
Shannon, Alexander J., Co., The, New 
York 38, N. Y. 
Sherman Rubber Machinery Co., Div. of 
Botwinik Brothers, Worcester 1, Mass. 
Sturtevant Mill Co., Boston, Mass. 
Waldron, John, Corp., The., New Bruns- 
wick, N. J. 


KNEADING AND MIXING 
MACHINES 


*Abbe, Paul O., Inc., Little Falls, N. J. 
Baker Perkins, Inc., Saginaw 3, Mich. 
Buss, Ltd., Basel 2, Switzerland 

_Comerio Co., The, Guttenberg, N. J. 


*Farrel-Birmingham Co., Inc., Ansonia, 
Conn. 
First Machinery Corp., Brooklyn 15, 


N. Y. 
Hale and Kullgren, Inc., Akron 10, Ohio 
*Hommel, O., Co., The, Pittsburgh 22, Pa. 
Henschell-Werke GMBH, Kassel, 
Deutsche Bundesrepublik 
Miller, Franklin P., & Son, Inc., E. 
Orange 16, N. J. 
*Mitchell Specialty Div., Industrial Enter- 
prises, Inc., Philadelphia, Pa. 
Patterson Foundry and Machine Co., 
The, E. Liverpool, Ohio 
*Prodex Corp., Fords, N. J. 
*Progressive Machine Co., Inc., Paterson 
4,N. J. 
*Read Standard, Div. of Capitol Products 
Corp., York, Pa. 
*Reed Plastics Corp., Worcester 8, Mass. 
*Reliable Rubber & Plastic Machine Co., 
Inc., N. Bergen, N. J. 
Ross, Charles, & Son Co., Brooklyn 5, 
N. Y. 
S.M.C. Special Machine Corp., New York 
13, N. Y. 
Sturtevant Mill Co., Boston, Mass. 


HYDRAULIC POWER UNITS 


_Airoyal Co., The, Maplewood, N. J. 
Albert, L., & Son, Trenton, N. J. 
Askania Regulator Co., Chicago, II. 

*B.LP. Engineering, Ltd., Sutton Cold- 

field, England 
Baldwin-Lima-Hamilton Corp., Hamilton, 
Ohio 
Berthelsen Engineering Works, 
Joliet, Ill. 

*Bolling, Stewart, & Co., Cleveland, Ohio 

*Clifton Hydraulic Press Co., Clifton, N. J. 
Custom Machine & Design Co. Inc., Ak- 

ron 9, Ohio 

*Dake Corp., Grand Haven, Mich. 

*Elmes Engineering Div., American Steel 

Foundries, Cincinnati 29, Ohio 
*Erie Engine & Mfg. Co., Erie, Pa. 
*French Oil Mill Machinery Co., The, 
Piqua, Ohio 
*Goulding Mfg. Co., Saginaw, Mich. 
*Guild Electronics, Inc., New York 13, 
N. Y. 
Hannifin Co., Div. of Parker-Hannifin 
Corp., Des Plaines, Ill. 
*Hull-Standard Corp., Hatboro, Pa. 
*Hydraulic Press Mfg. Co., The, Mt. 
Gilead, Ohio 

*Johnson Machinery Co., Newark 5, N. J. 

*Karlton Machinery Corp., Chicago 11, Ill. 
Ketchpel Engineering Corp., W. Engel- 


wood, N. J. 
*M & N Modern Hydraulic Press, Clifton, 
N. J. 
Macmillin Engineering Corp., Schiller 
Park, Ill. 


Oilgear Co., The, Milwaukee 4, Wis. 
*Robbins Plastic Machinery Corp., Elk- 
d 


Inc., 


hart, Ind. 

*Shaw, Francis, & Co., Ltd., Manchester, 
England 

*Wood, R. D., Co., Philadelphia, Pa. 


LABELING AND DECORATING 
MACHINES 


*Apex Machine Co., College Point 56, 
ee 

Archer Label Co., Inc., Los Angeles, 
Calif. 

Brady, W. H., Co., Milwaukee 9, Wis. 
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Carbert Mfg. Co., Inc., Cambridge 39, 
Mass. 
Dependable Compressor & Machine Co., 
New York 11, N. Y. 
*Guild Electronics, Inc., New York 13, 
N.Y. 
International Eastern Co., New York 1, 
N. Y. 
Ketchpel Engineering Corp., W. Engel- 
wood, N. J. 
Mercury Heat Sealing Equipment Co., 
Philadelphia 33, Pa. 
*Olsenmark Corp., New York, N. Y. 
*Peerless Roll Leaf Co., Inc., Union City, 
N. J. 
Rutherford Machinery Co., Div. Sun 
Chemical Corp., E. Rutherford, N. J. 


MASK WASHING MACHINES, 
AUTOMATIC 


Conforming Matrix Corp., Toledo, Ohio 
S.M.C. Special Machine Corp., New York 
13, N. Y. 


METAL SPRAYING MACHINES 


Electric Trading Co., New York 13, N. Y. 
Hull Corp., Hatboro, Pa. 


S.M.C. Special Machine Corp., New York 
13, N. Y. 


Schori Process Div., Long Island City 1, 
N. Y. 


MOISTURE AND VOLATILE 
EXTRACTION MACHINES 


*Goulding Mfg. Co., Saginaw, Mich. 
Hull Corp., Hatboro, Pa. 
*Litzler, C. A., Co. Inc., Cleveland 9, 
Ohio 
*Prodex Corp., Fords, N. J. 


S.M.C, Special Machine Corp., New York 
13, N. Y. 


Somerset Industrial Designs, Inc., Somer- 
ville, N. J. 

*Stromes Systems Inc., New York 29, N. Y. 

* Welding Engineers, Inc., Norristown, Pa. 


PAINT WIPING MACHINES 
*Finish Engineering Co., Inc., Erie, Pa. 


POLISHING MACHINES 
(Flexible Shaft) 


Pratt & Whitney Co., Inc., W. Hartford 
1, Conn. 

Stow Mfg. Co., Binghampton, N. Y. 

Wyzenbeek and Staff, Inc., Chicago, III. 


POLYETHYLENE TREATERS FOR 
PRINTING 


Aetna Electronics Corp., Long Island, 
me Sf 
Al-Be Industries, Bell Gardens, Calif. 
*Egan, Frank W., & Co., Somerville, N. J. 
*Modern Plastic Machinery Corp., Lodi, 
N. J. 
S.C.A.E. Firenze, Italy 


PREFORMERS, FIBROUS GLASS 


Brenner, I. G., Co., Newark, Ohio 

Finn & Fram, Sunland, Calif. 

Erie Engine & Mfg. Co., Erie, Pa. 

Pressurform Co., Swathmore, Pa. 

Turner Machine Co., Inc., Danbury, 
Conn. 
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PULVERIZING MACHINES 


*Abbe, Paul O., Inc., Little Falls, New 
Jersey 
Allis-Chalmers Mfg. Co., Milwaukee 1, 
Wis. 
American Pulverizer Co., St. Louis 10, 
Mo. 
*Bailey, R. N., & Co., Inc., New York 36, 
N. Y. 
Comerio Co., The, Guttenberg, N. J. 
Entoleter Div., Safety Industries Inc., 
New Haven, Conn. 
First Machinery Corp., Brooklyn 15, N. Y. 
Foremost Machine Builders, Inc., Liv- 
ingston, N. J. 
Miller, Franklin P., & Son, Inc., E. 
Orange 16, N. J. 
Mitts & Merrill, Inc., Saginaw, Mich. 
Munson Mill Machinery Co., Utica, N. Y. 
Pulva Corporation, Perth Amboy, N. J. 
*Pulverizing Machinery Div., Metals Dis- 
integrating Co., Inc., Summit, N. J. 
*Rainville Co., Inc., The, Garden City, 
N.Y. 
Rapids Machinery Co., Inc., Marion, Iowa 
Ross, Charles, & Son Co., Brooklyn 5, 
N. Y. 
Sturtevant Mill Co., Boston, Mass. 


ROLL EMBOSSING MACHINES 


Al-Be Industries, Bell Gardens, Calif. 
*Acromark Co., The, Elizabeth, N. J. 
*Apex Machine Co., College Point 56, 

N. Y. 
*Black-Clawson Co., Inc., Dilts Div., Ful- 
ton, N. Y. 

Comerio Co., The, Guttenberg, N. J. 
*Covema, s.r.l., Milan, Italy 

Dornbusch & Co., Krefeld, W. Germany 
*Egan, Frank W., & Co., Somerville, N. J. 
*Faeco Machine Co., Inc., Paterson, N. J. 
*Farrel-Birmingham Co., Inc., Ansonia, 

Conn. 
*Guild Electronics, Inc., New York 13, 
N. Y. 

Hale and Kullgren, Inc., Akron 10, Ohio 

Industrial Ovens, Inc., Cleveland, Ohio 

International Engraving Corp., Cedar 

Grove, N. J. 
Lembo Machine Works, Inc., Paterson, 
N. J. 
*Liberty Machine Co., Inc., Paterson, N. J. 
*Litzler, C. A., Co., Inc., Cleveland 9, 
Ohio 
*Progressive Machine Co., Inc., Paterson 
4,N. J. 
*Ringler-Dorin, Inc., New York 16, N. Y. 
*Roehlen Engraving Works, Inc., Roch- 
ester 5, N. Y. 
Shannon, Alexander J., Co., The, New 
York 38, N. Y. 
Sherman Rubber Machinery Co., Div. of 
Botwinik Brothers, Worcester 1, Mass. 
Swan Machine Co., New York, N. Y. 
Waldron, John, Corp., The, New Bruns- 
wick, N. J. 


ROTARY FINISHING MACHINES 


*Liberty Machine Co., Inc., Paterson, N. J. 
Lord Chemical Corp., York, Pa. 
Mercury Industries, Inc., Hillsdale, N. J. 
Morse Mfg. Co., Inc., E. Syracuse, N. Y. 
*Robbins Plastic Machinery Corp., Elk- 
hart, Ind. 
Shannon, Alexander J., Co., The, New 
York 38, N. Y. 


SAWING MACHINES 
. Band Sawing 
. Circular Sawing 
. Hack Sawing 
. Jig Sawing 
. Panel Sawing 
. Radial Sawing 


Barker-Davis Machine Co., Inc., Leon. 
inster, Mass. (D) 
Brown Machine Co., Beaverton, Mich. (f) 
Carter Products Co., Inc., Grand Rapig 
2, Mich. (4 
Diehl, G. M., Machine Works, Wabash, 
Ind. 
DoAll Co., The, Des Plaines, Ill. : 
Mallin, Edmund P., Chicago 22, Ill. (B,E 
Plastics Inc., Pasadena, Calif. (A 
Porter-Cable Machine Co., Syracuse 4 § 
N.Y. (A, B,C,D 
*Reifenhauser Plastics Machinery (Co, 
Troisdorf Bez-Koln, W. Germany 
Richards, J. A., Co., Kalamazoo, Mich 
(B, D, E) 
*Robbins Plastic Machinery Corp., Ek. 
hart, Ind. (A, B) 
*Royle, John, & Sons, Paterson 3, N. J. (B) 
Vern Emery Co., Sun Valley, Calif. (A,B) 
Yates-American Machine Co., Beloit, Wis 


(A,B 


SCREENING, SEPARATING AND 
SIFTING MACHINES 


Allis-Chalmers Mfg. Co., Milwaukee |, 
Wis. 
*Bailey, R. N., & Co., Inc., New York %, 
N.Y. 
Day, J. H., Co., Div. of Cleveland Auto- 
matic Machine Co., Cincinnati 12, Ohio 
Lord Chemical Corp., York, Pa. 
Munson Mill Machinery Co., Utica, N. Y, 
Patterson Foundry and Machine Co., The, 
E. Liverpool, Ohio 
Sprout, Waldron & Co., Inc., Muncy, Pa 
Sturtevant Mill Co., Boston, Mass. 
*Taylor-Stiles & Co., Riegelsville, N. J. 
*Thropp, Wm. R., & Sons, Div. of J. M 
Lehmann Co., Inc., Lyndhurst, N. J. 
*Tumb-L-Matic, Inc., Stamford, Conn. 


SHEET FORMING MACHINES 


Abbott Plastic Machine Corp., Chicago 
26, Ill. 

*Auto-Vac Co., The, Bridgeport 5, Com. 
Borkland Laboratories, Marion, Ind. 
Brown Machine Co., Beaverton, Mich. 

*Comet Industries, Franklin Pk., Il. 

*Conapac Corp., New York 3, N. Y. 

*Covema, s.r.l., Milan, Italy 

*Daniels, T. H. & J., Ltd., Gloucestershite, 

England 
Emhart Mfg. Co., Standard-Knapp Div. 
Portland, Conn. 
*Farrel-Birmingham Co., Inc., Ansonlé, 
Conn. 
*Guild Electronics, Inc., New York 13 
N. Y. 
Hale and Kullgren, Inc., Akron 10, Obit 
Hydro-Chemie Ltd., Zurich, Switzerlan 
*Modern Plastic Machinery Corp., Lodi, 
N. J. 

*Negri Bossi & Co., Milan, Italy 

Plastic Fabricants, Div. of the Woodm# 
Co., Decatur, Ga. 
Precision Products Co., Inc., Paters0® 


N. J. | 
*Rainville Co., Inc., The, Garden Cit) 
N. Y. 
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Somerset Industrial Designs, Inc., Somer- 
ville, N. J. 

Welding Engineers, Inc., Norristown, Pa. 

Taber Instrument Corp., N. Tonawanda, 
N. Y. 

Thermomat Co., Inc., Trenton, N. J. 

Vv & O Press Co. Div., The, Emehart 
Mfg. Co., Hudson, N. Y. 

Zack Industries, Hawthorne, N. J. 


SHEET PLASTIC FABRICATING 
MACHINES 
(Bending, Creasing, Drawing, 
Folding, Glueing) 


Brown Machine Co., Bearerton, Mich. 

Comet Industries, Franklin Park, IIl. 

Guild Electronics, Inc., New York 13, 
N. Y. 

Liberty Machine Co., Inc., Paterson, N. J. 

Plastic Fabricants, Div. of The Woodman 
Co., Decatur, Ga. 

S.M.C. Special Machine Corp., New York 
13, N. Y. 

Somerset Industrial Designs, Inc., Somer- 
ville, N. J. 

St. Regis Paper Co., Panelyte Div., New 
York 17, N. Y. 

Taber Instrument Corp., N. Tonowanda, 
N. Y. 

Tronomatic Machine Mfg. Corp., New 
York, N. Y. 

V & O Press Co. Div., The Emhart Mfg. 
Co., Hudson, N. Y. 


SLITTING MACHINES 


— Plastic Machine Corp., Chicago 

26, Ill. 

Al-Be Industries, Bell Gardens, Calif. 

Appleton Machine Co., Doven Div., 
Appleton, Wis. 

Beck, Charles, Machine Corp., King of 
Prussia, Pa. 

Black-Clawson Co., Inc., Dilts Div., Ful- 
ton, N. Y. 

Buss Machine Works, Holland, Mich. 

Cameron Machine Co., Dover, N. J. 
umberland Engineering Co., Inc., Provi- 
dence 1, R. I. 

Dusenbery, John, Co., Inc., Verona, N. J. 

Eastman Machine Co., Buffalo 3, N. Y. 

Faeco Machine Co., Inc., Paterson, N. J. 

Falls Engineering & Machine Co., Cuya- 
hoga Falls, Ohio 

Fecken-Kirfel, Aachen, Germany 

Hobbs Mfg. Co., Worcester, Mass. 

Johnstone Engineexing & Machine Co., 
Parkesburg, Pa. 

Maimin H., Co., Inc., New York 18, N. Y. 

-<- — & Tool Works, Buffalo 

Robbins Plastic Machinery Corp., Elk- 
hart, Ind. 

Ruf Machine Co., Inc., New York 28, N. Y. 

Shaw, Francis & Co., Ltd., Manchester, 
England 

Swan Machine Co., New York, N. Y. 

Turner Tanning Machinery Co., The, 
Peabody, Mass. 

Waldron, John, Corp., The, New Bruns- 
wick, N, J. 
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SPOOLING MACHINES FOR 
EXTRUSIONS 


Al-Be Industries, Bell Gardens, Calif. 
*Egan, Frank W., & Co., Somerville, N. J. 

Entwistle Mfg. Corp., Providence 5, R. I. 
*Foster & Allen, Inc., Garwood, N. J. 

Hale and Kullgren, Inc., Akron, Ohio 
*Litzler, C. A., Co., Inc., Cleveland, Ohio 
*National Rubber Machinery Co., Akron 

8, Ohio 

*Prodex Corporation, Fords, N. J. 
ae Machine Co., Inc., Paterson 


*Reifenhauser Plastics Machinery Co., 
Troisdorf Bez-Koln, W. Germany 
Robbins Plastic Machinery Corp., Elk- 
hart, Ind. 
Ruf Machine Co., Inc., New York 28, 
nm. 
*Shaw, Francis, & Co. Ltd., Manchester, 
England 
Vern Emery Co., Sun Valley, Calif. 


SPRAY PAINTING MACHINES 


Binks Mfg. Co., Chicago 12, II. 
*Conforming Matrix Corp., Toledo 2, Ohio 
DeVilbiss Co., The, Toledo 1, Ohio 
*Finish Engineering Co., Inc., Erie, Pa. 
*Fiore, William M., Inc., Brooklyn 32, 
N.Y. 
S.M.C. Special Machine Corp., New York 
13, N. Y. 
Sepanski and Associates, Grand Rapids, 
Mich. 
*Thierica Studio, 
Mich. 


Inc., Grand Rapids, 


TAPPING MACHINES 


Automatic Methods, Inc., Elizabeth, N. J. 

Commander Mfg. Co., Chicago 24, Ill. 

Hamilton Tool Co., The, Hamilton, Ohio 

Ketchpel Engineering Corp., W. Engel- 
wood, N. J. 

*Mico Instrument Co., Cambridge 38, 

Mass. 

— Safety Chuck Co., Chicago 6, 


S.M.C, Special Machine Corp., New York 
13, N. Y. 


TUMBLING MACHINES 


*Abbe, Paul O., Inc., Little Falls, N. J. 
Abbe Egineering Co., New York, N. Y. 
Acme Machinery & Mfg. Co., Inc., Yon- 

kers, N. Y. 
*Covema, s.r.l., Milan, Italy 
*Injection Molders Supply Co., Cleveland 
20, Ohio 
*Kramer, H. W., Co., Inc., Richmond Hill 
18, N. Y. 
Lord Chemical Corp., York, Pa. 
*Lupoline Automatic Polishing Equip- 
ment Corp., Tuckahoe, N. Y. 
Morse Mfg. Co., Inc., E. Syracuse, N. Y. 
Nash, J. M., Co., Inc., Milwaukee, Wis. 
Plastic Processing Co., Flint 1, Mich. 
*Rainville Co., Inc., The, Garden City, 
N. Y. 
Siebert, Rudolph R., 183 St. Paul St., 
Rochester 4, N. Y. 

*Tumb-L-Matic, Inc., Stamford, Conn. 

Vapor Blast Mfg. Co., Milwaukee, Wis. 


USED AND REBUILT MACHINES 


Albert, L., & Son, Trenton, N. J. 
Ball & Jewell, Inc., Brooklyn 22, N. Y. 


*Bolling, Stewart & Co., Cleveland 27, 
Ohio 
Bonwitt, Eric, Chicago 5, Ill. 
*Clifton Hydraulic Press Co., Clifton, N. J. 
First Machinery Corp., Brooklyn 15, N. Y. 
*Guild Electronics, Inc., New York 13, 
N.Y. 
*Johnson Machinery Co., Newark 5, N. J. 
*M & N Modern Hydraulic Press, Clifton, 
N. J. 
Rubber and Plastic Machinery Co., Inc., 
Fall River 1, Mass. 
Sherman Rubber Machinery Co., Div. of 
Botwinik Brothers, Worcester 1, Mass. 
Somerset Industrial Designs, Inc., Somer- 
ville, N. J. 
Stein Equipment Co., Brooklyn, N. Y. 
Zenner, Justin, Chicago, Ill. 


VINYL (PLASTISOL) MOLDING 
MACHINES 
A. Slush Molding 
B. Rotational Casting 
*Akron Presform Mold Co., Cuyahoga 
Falls, Ohio (B) 
Beach-Russ Co., New York 7, N.Y. (A) 
*Blue, E. B., Co., S. Norwalk, Conn. (A, B) 
Electroformex Laboratories, Franklin, 
Mass. 
Hale and Kullgren, Inc., Akron, Ohio (B) 
*Mercury Industries Inc., Hillsdale, NA 


WIRE COATING MACHINES 

*Davis-Standard, Div. Franklin Research 
Corp., Mystic, Conn. 

*Egan, Frank W., & Co., Somerville, N. J. 

*Hartig Engine & Machine Co., Mountain- 
side, N. J. 

* Industrial Ovens, Inc., Cleveland 11, Ohio 

*Litzler, C. A., Co., Inc., Cleveland 9, 
Ohio 

*National Rubber Machinery Co., Akron 
8, Ohio 

*Prodex Corp., Fords, N. J. 

*Royle, John, & Sons, Paterson, N. J. 

*Shaw, Francis & Co., Ltd., Manchester, 
England 


WIRE WRAPPING MACHINES 
Pierce Wrapping Machine Co., La Grange 
Park, Ill. 
METAL DETECTORS 
Electronic 


Allis-Chalmers Mfg. Co., Milwaukee 1, 
Wis. 


Brilmayer, E. W., Labs. Inc., New York, 
N. 


Dice, J. W., Co., Englewood, N. J. 
Photobell Co., Inc., New York 7, N. Y. 
Radio Corp., of America, Camden, N. J. 


MILLS 
A. Impact Grinding 
B. Roll 
* Abbe, Paul O., Inc., Little Falls, N. J. (A) 
Abbe Engineering Co., New York, N. Y. 
(A, B) 
*Adamson United Co., Akron 4, Ohio (B) 
*Akron Presform Mold Co., Cuyahoga 
Falls, Ohio (B) 
Albert, L., & Son, Trenton, N. J. (B) 
Allis-Chalmers Mfg. Co., Milwaukee 1, 
Wis. (A, B) 
*Bolling, Stewart & Co., Cleveland 27 
Ohio 


Comerio Co., The, Guttenberg, N. J. (A) 


*Covema, s.r.l., Milan, Italy (B 
Day, J. H., Co., Cincinnati, Ohio (B) 





*Entoleter Div., Safety Industries, Inc., 
New Haven, Conn. (A) 
*Erie Engine & Mfg. Co., Erie, Pa. (B) 
*Farrel-Birmingham Co., Inc., Ansonia, 
Conn. (B) 
Hale and Kullgren, Inc., Akron a, os 
,B 
*Herman Berstorff Maschinenbau-Anstalt 
GMBH, Hanover, W. Germany (B) 
*Hommel, O., Co., The, Pittsburgh 22, Pa. 
(A) 
Lupoline Automatic Polishing Equip- 
ment Corp., Tuckahoe, N. Y. (A) 
Manton Gaulin Mfg. Co., Inc., Everett 
49, Mass. 
Miller, Franklin P., & Son, Inc., E. 
Orange 16, N. J. (B) 
Morse Mfg. Co., Inc., E. Syracuse, N. Y. 
(B) 
*National Rubber Machinery Co., Akron 
8, Ohio (B) 
Patterson Foundry and Machine Co., 
The, E. Liverpool, Ohio (A) 
Ross, Charles, & Son, Co., Brooklyn 5, 
N, Y. (B) 
*Shaw, Francis, & Co., Ltd., Manchester, 
England (B) 
Sherman Rubber Machinery Co., Div. of 
Botwinik Brothers, Worcester 1, Mass. 
(B) 
Sturtevant Mill Co., Boston, Mass.  (B) 
*Thropp, Wm. R., & Sons, Div. of J. M. 
Lehmann Co., Inc., Lyndhurst, N. J. 
(B) 


MIXERS 


(See also Extruders) 


A. Banbury 
B. Dry Coloring and Blending 
C. Intensive Internal 


* Abbe, Paul O., Inc., Little Falls, N. J. (B) 
Abbe Engineering Co. .. New York, N. Y. 
(B, C) 
*Bailey, R. N. & Co., Inc., New York 
36, N. Y. (B) 
Baker Perkins Inc., Saginaw 3, Mich. 
B, C) 
Baker Perkins, Inc., Saginaw 3, Mich. 
os Stewart & Co., Cleveland mt, 
110 
Colton, Arthur, Co., Detroit 7, Mich. K} 
Comerio Co., me "Guttenberg, N. J. (A) 
Day, J. H., Co., Div of Cleveland Auto- 
matic Machine Co., Cincinnati 12, 
Ohio ‘ 
*Dunning & Boschert Press Co., Inc., 
Syracuse 2, N. Y. (B) 
*Egan, Frank W., & Co., epee 
N. 
*Entoleter Div., Safety Industries Inc. 
New Haven, Conn. (B, C) 
*F arrel-Birmingham Co., Inc., Ansonia, 
Conn. (A, C) 
Henschel-Werke GMBH L, 
Deutsche Bundesrepublik (B, C) 
*Hommel, O., Co., e, Pittsburgh s 
Pa 
+Hull. Standard Corp., Hatboro, Pa. (B) 
*Johnson Machinery Co., Newark 5, N ni 
Lupoline Automatic Beliding Equip- 
ment Corp., Tuckahoe, N. (B) 
Manton Gaulin Mfg. Co., inn. Everett 
49, Mass. C) 
Miller, Franklin P., & Son Inc., E. Or- 
ange 16, N. J. (B) 
*Plastic Molders Supply Co., Inc., Fan- 
wood, N. J. (B 
*Prodex Corporation, Fords, N. J. (C) 
Progressive Machine Co., Inc., Paterson 
4,N 


*Rainco Mfg. Co., 
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Rapids Machinery Co., Inc., Marion, a) 
nine rao ag Div. of Capitol ras 
r 
aReliak Rubber “ke Plastic Machine 
Inc., N. Bergen, N. J. (B 
nom, Charles, & Son Co., Brooklyn é& 


(B, 
Show, Francis, & Co. Ltd., Manchester 
England 


S ak Welicm dt On Inc., Muncy, Pe 
Sturtevant Mill Co., Boston, Mass. (B) 
U.S. Stoneware, Akron, Ohio 


PRESSES 


ARBOR—PRESSES 


*Acromark Co.. The, Elizabeth, N. J. 
Albert, L., & Son, Trenton, N. J. 
Benchmaster Mfg. Co., Gardena, Calif. 

*Dake Corp., Grand Haven, Mich. 

*Elmes Engineering Div., American Steel 

Foundries, Cincinnati 29, Ohio 
Hannifin Co., Div. of Parker-Hannifin 
Corp., Des ” Plaines, Ill. 

Kabar Mfg. Corp., New York 62, N. Y. 
Lawton, C. A., Co. .. The, De Pere, Wis. 
*Watson-Stillman Press Div., Farrel-Birm- 
ingham Co., Inc., Rochester, N. Y. 

*Williams-White & Co., Moline, Ill. 


CAKING PRESSES 


Albert, L., & Son, Trenton, N. J. 
Lawton, C. A., Co., The, De Pere, Wis. 
*&M & / Modern Hydraulic Press, Clif- 


ton, N. J. 
Williams-White & Co., Moline, Ill. 


COMPRESSION PRESSES 
(Fully Automatic) 


*Adamson United Co., Akron 4, Ohio 
Albert, L., & Son, Trenton, N. J. 
Automatic Molding Machine Co., Los 
Angeles 18, Calif. 
*B.LP Engineering, Ltd., Sutton Coldfield, 

England 

Baker Brothers, Inc., Toledo 10, Ohio 

Becker & van Hiillen, Krefeld, W. Ger- 
man 

Berthelsen Engineering Works, Inc., jo- 
liet, IL. 

*Clifton Hydraulic Press Co., Clifton, N. J. 
Consolidated Baling Machine Co., Brook- 

lyn 15, N. Y. 

*Covema, s.r.1., Milan, Italy 

Custom Machine & Design Co., 
Akron 9, Ohio 

*Dake Corp., Grand Haven, Mich. 

*Davidson-Kennedy Co., Atlanta 18, Ga. 

*Elmes Engineering Div., American Steel 

Foundries, Cincinnati 29, Ohio 

*Erie Engine & Mfg. Co., Erie, Pa. 

*Erie Foundry Co., Erie 6, Pa. 

*Fjellman American, Inc., Joliet, Ill. 

*French Oil Mill Machinery Co., The 

Piqua, Ohio 
Glassoloid Corp. of America, Clifton, N. J. 

*Goulding Mfg. Co., Saginaw, Mich. 

*Hull-Standard Corp., Hatboro, Pa. 

*kHydraulic Press Mfg. Co., The, Mt. Gil- 

ead, Ohio 

*Johnson i Co., Newark 5, N. J. 
Kingsbacher-Murphy Co., Los Angeles 

45, Calif. 
Loke ag I Machinery Corp., Kenmore 
1 
Lawton, C. A., Co., The, De Pere, Wis. 
*Logan Hydraulics inc., Chicago 30, Tl. 
*M & N s os apaasaton Hydraulic Press, Clif- 
ton, ! 
ir ‘Enalond Butt Co., Providence 7, 
R. 1. 
Oliver Corp. , The, A. B. Farquhar Diy., 
ork, Pa. 
nea Hydraulics, Inc., El Monte, 


Inc., 


ae sag & Co., Inc., Ltd., 


PP my = iene , Philadelphia, Pa 
*Triulzi A brs Novate Milan) Italy 
Verson Allsteel Press Co., Chicago, Il. 
Wabash Metal Products. Co., Inc., Wa- 

bash, Ind. 
*Williams-White & Co., Moline, Ill. 


COMPRESSION PRESSES 
(Manual and Semi-Automatic) 


*Adamson United Co., nage 4, Ohio 
Albert, L., & Son, Trenton, N A 

Atlas Hydraulics, Inc., Philadelphia 34, 
Pa. 


Automatic Molding Machine Co., Los 
Angeles 18, Calif. 

*B.LP. Engineering, Ltd., Sutton Cold- 
field, England 

Baldwin-Lima-Hamilton Corp., Hamilton, 


Ohio 
Barker-Davis Machine Co., Inc., Leomin- 
ster, Mass. 


Becker & van Hiillen, Krefeld, W. Ger- 
x. 
thelaen Engineering Works, Inc., Jol- 
*Bolling Stewart & Co., Cleveland 27, 
oO 


*Carver, Fred S., Inc., Summit, N. J. 
*Clifton Hydraulic Press Co., Clifton, N. J. 
Comerio Co., The, Guttenberg, N. J. 


Co., Brook- 
lyn 15, N. Y. 
*Covema, s.r.l. Milan, Italy 
Custom Machine & Design Co., 
Akron 9, Ohio 
*Dake Corp. Grand Haven, Mich. 
*Daniels, T. i. & J., Ltd., Gloucestershire, 


Englan 
setae Keanedy Co., Atlanta 18, Ga. 
*Dunning & Boschert Press Co., Inc., Syr- 
acuse 2, N. Y. 
*Elmes Engineering Div., American Steel 
Foundries, Cincinnati 29, Ohio 
*Erie Engine & Mfg. Co., ~— Pa. 
*Erie Foundry Co., Erie 6 
i 7 Mill” Machinery Co., 


eocciny Mh Mis. Co., Cine Saginey, Mich. 
Hannifin Co., Div. Parker-Hannifin 
Corp., Des Plaines, Ill. 
Herman Berstorff Maschinenbau—Anstalt 
GMBH, Hanover, W. Germany 
*Hull-Standard Corp., Hatboro, Pa. 
*Hydraulic ag Mfg. Co., The, Mt. Gil- 
e 
Improved Machinery Inc., Nashua, N. H. 
*Johnson Machinery €o., Newark 5, N. J. 
Kingsbacher-Murphy Co., Los Angeles 
45, Calif. 
Lake 7 NY Machinery Corp., Ken 


comer C. A., Co., The, De Pere, Wis. 
* Lewis Welding & Engineering Corp., 
Cleveland 17, Ohio 
Lodge & Shipley Co., The, Cincinnati 
25, Ohio 
*Logan Hydraulics Inc., Chicago 30). Ill 
*M & N Modern Hydraulic Press, Clif- 
ton, N. J. 
Machine Factory and Foundry Ltd., Net- 
stal/GL, Switzerland 
oe Corp. The, A. B. Farquhar Div., 
Pasadena "iydonsiliie: Inc., El Monte, 
acne Francis & Co. Ltd., Manchester, 
England 
*Stokes, F. J., Corp., Philadelphia, ! 
&Triulzi A.-Off. $.A.S. Novate TMi Italy 
Verson Allsteel Press Co., Chicago. Ill 
= — Products Co., Inc., Wa 
n 
*Watson-Stillman Press Div., Farre!-Birm- 
ingham Co., Inc., Rochester, N. Y. 
AWilleme Whi 1 & Co., Moline, I!! 
*Wood, R. D., Co., Philadelphia, I 


Inc., 


The, 


more 





CONTINUOUS PRESSES 
Becker & van Hiillen, Krefeld, W. Ger- 


man 
kBlue, E. B., Co., S. Norwalk, Conn. 
x Erie Foundry Co., Erie 6, Pa. 
*Fjellman American, Inc., ‘Joliet, Ill. 
*Coulding Mfg. Co., Saginaw, Mich. 
*xG _ Electronics, Inc., New York 13, 


& 

steal Berstorft <4 
GMBH, Hanover, W. German 

*Hydraulie Press Mfg. Co., The., Mt. Gil- 
€ id Ohio 

*Karlton Machinery Corp., Chicago 11, Ill. 

*M & N Modern Hydraulic Press, Clif- 
ton, N. J. 


DEGATING PRESSES 
Barker-Davis Machine Co., Inc., Leomin- 


ster, Mass. 

Buttondex Corp., New York 16, N. Y. 
*Clifton Hydraulic Press Co., Clifton, N. J. 
*Erie Foundry Co., Erie 6, Pa. 

Hydraulic Press ” Mfg. Co., The, Mt. 

Gilead, Ohio. 
Lawton, C. A., Co., The, De Pere, Wis. 
*M & N Modern Hydraulic Press, Clif- 
ton, N. J. 
*Standard Tool Co., Leominster, Mass. 
vena Machine Mfg. Corp., New 
York, N. Y. 


EMBOSSING PRESSES 


*Acromark Co., The, Elizabeth, N. J. 
Allen, Alva, Industries, Clinton, Mo. 
* —_ Machine Co., College Point 56, 
¥. 


as Hydraulics, Inec., Philadelphia 34, 
Becher & van Hiillen, Krefeld, W. Ger- 


many 
*Clifton Hydraulic Press Co., Clifton, N. J. 
*Dake Corp., Grand Haven, Mich. 
*Davidson-Kennedy Co., Atlanta 18, Ga. 
*Elmes Engineering Div., erican Steel 

Foundries, Cincinnati 29, Ohio 
*Erie Engine & Mfg. Co., Erie, Pa. 
*Erie Foundry Co., Erie 6, Pa, 

Co., The, 


*French Oil Mill M 
B ees & Lane Inc., Chicago 


Piqua, Ohio 

G ane 

*G uild y Hioctenaie Inc., New York 13, 

Kabar Mfg. Co ew York 62, N. Y. 
Lake Erie Machinery « Kenmore 
17, N. ar 

Lawton, C. A., Co., The, De Pere, Wis. 

* Liberty Machine Ga, Inc., Paterson, N. 

M & N Hydraulic Press Co. Clifton, N. nit 

Oliver Corp., The, A. B. Farquhar Div 
York, Pa. 

*Olsenmark Corp., New York 13, ms 

oe Hydraulics, Inc., El eves. 
( 


Peels Roll Leaf Co. Inc., Union City, 


*Ringler-Dorin Ine., New York . N. Y. 
Swan Machine Co., New York, N. Y. 
*Watson-Stillman Press Div., Farrel-Birm- 
= gham Co., Inc., Rochester, N. Y. 
vod, R, D., Co. , Philadelphia, Pa. 


HAND OPERATED PRESSES 


~ a a 


las Hy yaa Inc., Philadelphia a, 
*Bat ifeld Mesgieeeietion GMBH 


nerzhagen, W 


( ) 

Becke r & van Hiillen, eet, ba io 
= nwitt, Erie, Chicago 5, Ill. A 
; er, Fred S., Ine., Summit, N, J. rth 
lift n Hydraulic Pros Ga » Clifton, N. J. 
A, B) 


s Advertiser 


Consolidat 
lyn 15, A ae 
*Covema, Sr. 
Machine “& 


*Dake Corp.. Fea Hoven Mich. 
*Daniels, T. H. & J., Ltd., G eames 


*F.LM.S.A.L Spa 
*French pK 


Pex 
a Comb. of America, = 


N. 
oes Corp. a Hatboro, Pa. (A, B 
*Johnson Machinery Co., Newark N.J. (A) 
Kingsbacher-Murphy Los Ange 
5, Calif. (A 
Kath Engineering Co., Chicago 47, ia 
*Lawton, C. A., Co., The, De Pere, bey 


(A) 
*Logan Hydraulics Inc., Chicago, Ill. (A) 
Loomis Engineering & Mfg. Co., < 


well, N. J. ) 
*M , Modern Hydraulic Press, Cites 
*Newbury Industries Inc., Newbury, - 
Pasadena Hydraulics, Inc., El Monte, 
Calif. B 


(A, 
Simplomatic Mfg. Co., Inc., Chicago, III. 
Teme — Inc., Mineola, 0 


Island, N. 
*Van Dorm + Works Co., Cleveland 


Ohio 
Wabash Metal Products Co., Inc., Wa- 
bash, Ind. A 
*Watson-Stillman Press Div., Farrel-Birm- 
ingham Co., Inc., Rochester, N. Y. (A) 
*Williams- White & Co., Moline, Ill. (A) 


HOBBING PRESSES 
Albert, L., & Son, Trenton, N. J. 
Baldwin-Lima-Hamilton Corp., Hamilton, 


Becker & van Hiillen, Krefeld, W. Ger- 


many 

*Clifton ” Hydraulic Press Co., Clifton, N. J. 
*Dake Corp., Grand Haven, Mich. 
*Daniels, T. i. & J., Ltd., Gloucestershire, 


caged 
& Boschert Press Co., Inc., Sy- 
seal . N. Y. 
*Elmes Engineering Div., American Steel 
Foundries, Cincinnati 29, Ohio 


J ‘ 
*Karlton Machinery Corp., a 1l, 1. 
—_— _~ Machinery Corp., Kenmore 
7, &. Y. 
*Lawton, C. A., Co., The, De Pere, i 


Newbury Industries, Inc., Newbury, Ohio 
pase The, A. B. Farquhar Div., 
or 
*Triulzi A.-Off. S.A.S., 1 tw (Milan) ef 
Verson Allsteel Press Co Ca i Il 
*Williams-White & Co., Moline 
*Watson-Stillman Press Div. a Farrel-Birm- 
ingham Co., Inc., Rochester, N. Y. 
*Wood, R. D., Co., ” Philadelphia, Pa. 


LAMINATING PRESSES 


B. i 
*Adamson United Co., 


Albert, L., & Son, Trenton, N. J. (A, B) 
 - Hydraulics, Inc., » Pailadelphla . 
Baldwin-1ima-Hamilton Corp., Hamilton, 
Ohio A, B) 
Becker & van Hiillen, Krefeld, W. Ger- 
man A,B 
Berthelsen Engineering Works, Inc., 4 
iet, Til. (A, B) 


*Carver, Fred S., Inc., Summit, N. Jha. 8) 

*Clifton Hydraulic Press Co., ene Ns 4; 
Comerio Co., The, Coorg NT Te A) 
Consolidated Baling Machine 


» N.Y (A, 8) 
*Covema, s.r.L., "Milan, Italy (A) 
*Dake Corp., Grand Haven, Mich. (A, B) 
*Dunning & a eg Press Co., Inc., 

Syracuse 2, N (A, B) 
*Dusenbery, Toh, Co., Inc., » Verona, I N. Pf 
*Elmes Engineering Div., American Steel 

Foundries, Cincinnati 29, Ohio (A, B) 
*Erie Engine & Mfg. Co., _ Pa, (A, B) 
*Erie Foundry Co., Erie 6 , B) 

*Faeco Machine Co., Inc., " Sebenibes, N. j; 


(A) 
*Fjellman American, Inc., Joliet, %. (A, B) 
*French Oil. Mill "Machinery The 

Piqua, Ohio a B) 
—_— Corp. of America, Clifton 


( 
xGoui ing Mfg. Co., Saginaw, Mich. (A) 
a: eee ‘Inc. New York = 


mics 
eS 4 ( 
*Hull-Standard Corp., Hatboro, Pa. (A) 
*Hydraulic Press Mfg. Co., The, Mt. Gil- 
ead, Ohio (A, B) 
Identification Service Corp., New York 


(B) 

Johnson .° ee Co., Newark 5, N. Aj 
*Karlton Machinery Corp., Chicago 1% 
Ill. (A, B 


= eg - Machinery Corp., Kenmore 
N. Y. (A, B) 
ate Machine Co. Inc., Paterson, NI; 


(A, 
*Lawton, C. A., Co., The, De -_ Ag 
Lodge & aad Co., The, Cincinnati 


Ohi (A, B) 
*Logan Hydraulics Inc., Chicago 30, IIl. 


A 

Loomis Engineering & Mfg. Co., Cald- 
well, N. J. (A, B) 
*M & N Modern Hydraulic Press, Clif- 
ton, N. J. A, B) 
Machine Factory and Foundry Ltd., Net- 
stal /Gl., Switzerland (A) 
Oliver Corp., The, A. B. Farquhar Div., 
York, P. _B) 
Pasadena "Mpdensien, Inc., El Monte, 
Calif. (A, B) 
Plastic Laminating Corp., Vaux Hall, 


(B j 
gunishiier Hydraulic Products Co., Mel- 
rose Park, Ill. A, = 
Testing Machines, Inc., Mineola, 
Island, N. Y. tan 
— A.-Off. S.A.S., Novate ee 
A 
Wabash Metal Products Co., Inc., Wa- 
bash, Ind. (B) 
*Williams-White & Co., Moline, Ill. =) 
Wilson Camera Co., Inc., Havertown, 
, B) 
Farrel-Birm- 
m Co., Inc., Rochester, N. Y. (A) 
# Wood. R. D., Co., Philadelphia, ™ 8) 


PLASTIC PRINTING PRESSES 


*Acromark Co., The, Elizabeth, N. J. 
—_ Machine Co., ., College Point 56, 


*Conapac Corp., New York 3, N. Y. 
*Cosom Engineering Corp., Minneapolis 
16, Minn. 
Custom _— & Design Co., 
Akron 9, Ohio 
*Faeco Machine Co., Inc., Mag N. 
*Hoffman & Schwabe K. .. Krefeld, W 
Germany 
— Eastern Co., New York 1, 


Pa. 
Sa Press Div., 


Inc., 





louie Machine Works, Inc., Paterson, 


J. 
Liberty Machine Co., Inc., gry N. J. 
*Olsenmark Corp., New York 13, N. Y. 
a Hydraulics, Inc., EI Monte, 


tRolivekeuses Plastics Machinery Co., 
Troisdorf Bez-Koln, W. Germany 
—— -Dorin Inc., New York p - N. , A 
rford Machinery Co., Div. Sun 
Chemical Corp., E Rutherford, N. J. 
ow Alexander j. Co., New Yor 
Swan Machine Co., New York, N. Y. 
* Waldron, John, Corp. .» The, New Bruns- 
wick, N. J. 


PREFORMING PRESSES 


A. Fibrous Materials 
B. Granular or Powder Materials 


Allen, Alva, Industries, Clinton, Mo. (A) 
*B. I. P. Engineering, Ltd. ., Sutton Cold- 
field, England B) 
Baldwin-Lima-Hamilton Corp., Hamilton. 
Ohio B 
Colton, Arthur, Co., Detroit 7, Mich. (B 
*Erie Foundry Co., Erie 6, Pa. (A, B 
Lawton, C. A., Co., The, De Pere, be 


Lodge . Sed Co., The, Cincinnati 
25, (A, B) 
*Logan ao Inc., Chicago ah. a 
*M & N Modern Hydraulic Press, Clif- 


ton, N. J. (A, 5} 
*Stokes, F. J., Corp., Philadelphia, Pa. (B 
ROLL LEAF AND HOT STAMPING 
PRESSES 

*Acromark Co., Elizabeth, N. J. 
* Admiral Coated Products, Inc., Brooklyn 


31, N. 
wApex iachine Co., College Point 56, 


Ese Foundry Co., Erie 6, Pa. 
, } een & Lane, Inc., Chicago 


cote” re en, Walsh, Inc., 
New York 10, 
aa Roll Loaf. Ce. Inc., Union City, 


J 
Markem Machine Co., Keene 20, N. H. 
*Olsenmark Corp., New York 13, N. Y. 
Swan Machine Corp., New York, N. J 


TRANSFER MOLDING PRESSES 


*Adamson United Co., Akron 4, Ohio 
Automatic Molding Machine Co., Los 
Angeles 18, Calif. 
* Indicates Advertiser 


*B.LP. Engineering Ltd., Sutton Cold- 
field, England. 7 


Baldwin-Lima-Hamilton Corp., Hamilton, 


Ohio 
*Battenfeld ee GMBH, 
Meinerzhagen, W. 
a4 & van Hiillen, Cotel, W. Ger- 


Bolling, Stewart & Co., Cleveland 27, 


hi 
*Clifton Hydraulic Press Co., Clifton, N. J. 
*Covema, s.r.l., Milan, Italy 
*Dake Corp. " Grand Tae Mich. 
oe. ae . & J., Ltd., Gloucestershire, 
En 
*Dunning & nena Press Co., Inc., 
Syracuse 2, N. 
*Elmes Dapiaseing Div. American Steel 
Foundries, Cincinnati 29, Ohio 
*Erie Engine & Mfg. Co., Erie, Pa. 
*Erie Foundry Co., Erie 6, Pa. 
*F.I.M.S.A.L. Spa, Milan, Italy 
*French Oil Mill Machinery Co., The 
Piqua, Ohio 
Hale and Kullgren, Inc., Akron, Ohio 
Hannifin Co., Div. of Parker- 
Corp., Des Plaines, Ill. 
*Hull- Standard Corp., "Hatboro, Pa. 
an wr Os Press Mfg. Co., The, Mt. Gil- 
ea 
Improved Situs Inc., Nashua, N. H. 
*Johnson Machinery Co., Newark 5, N. 
*Karlton Machinery Corp., Chicago il, 
—_ ge Machinery Corp., Kenmore 
Ed, Mae me 
Lawton, C. A., Co., The, De Pere, Wis. 
*Logan Hydraulics Inc., Chicago 30, Ill. 
*M & N A ae Hydraulic Press, Clif- 
ton, 
Mackin Factory and Foundry, Ltd., Net- 
stal/Gl., Switzerland 
Oliver Corp., The, A. B. Farquhar Div., 
York, Pa. 
*Pasadena Hydraulics, Inc., El Monte, 
Calif 


*Stokes, F. J., Corp., Philadelphia, Pa. 
Sturtevant Mill Co., Boston, 
*Triulzi A.-Off. S.AS., Novate (Milan) 


Italy 
nn 4 Allsteel poms Co., Chicago, Ill 
er. & Co Moline, Ti 
*Wood, R. D., ., Philadelphia, Pa. 


PUMPS 


A. Coolant 
B. Hydraulic 
C. Vacuum 


Aldrich Pump Co., The, Allentown, Pa. 
(A, B) 


iet, Il. ® 
—_- Stewart, & Co., Cleveland 2 


*Buss Machine Works, Holland, Mich, 
*Carver, Fred S., Inc., Summit, N. J. 
= Hydraulic Press Co., Cli 


Consclidated Electrodynamics 
Rochester 3, N. Y. 
Custom 
Akron 9. 
*Dunning & 
Syracuse 2, N 
*Dusenbery, John Go, Inc., Verona, N, 


*F.IM.S.A.L Spa, Milan, Italy 
*French Oil fi Machinery Co., 
Piqua, Ohio 
Hardman, H. V., Co., Inc., Belleville, Nj, 
~~. — "Equipment Corp., Hing 


kHydeealie ‘tons Mfg. Co., The, Mt. Gi. 
ead, Ohio 8) 

— Machinery Corp., Chicago 1] 
I 


g 
ath 
. 


+) 
S 9 
Fe to eKeKofers! Pt 


Leiman Bros., Inc., Newark, N. J. @ 
*M h N Modern Hydraulic Press, 


N. J. 
Machine Factory and Foundry Ltd., Ne 
stal/Gl., Switzerland 8) 
Manton Gaulin Mfg. Co., Inc., Everet 
49, Mass. 8 
Mercury Industries Inc., Hillsdale, N. | 


Ital 
*Watson-Stillman Press Div., Farrel-Bim 
ingham Co., Inc., Rochester, N. Y. 


SANDING MACHINES 
(Wet and Dry) 


N. 

Plastics Inc. Pasadena, Calif. 

Sommer and Maca Glass Machinery (s, 
Chicago, Ill. 
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EQUIPMENT 


For related editorial information see pp. 678, 








ACCUMULATORS 
A. Air Ballasted 

B. Hydropneumatic 
C. Weight 


Airmatic Valve, Inc. Cleveland, one (B 

Aldrich Pump Co., Allentown, Pa. 

Apex Reinforced Plastics Div. Whis 
Sewing i Corp., Cleveland 
Ohio (A, B 

*B. L P. Engineering, Ltd., Sutton Cold- 
field, England ) 

Becker & van Hiillen Niederrheinische 
Maschinenfabrik, Krefeld, W. - 

( 


many 

*Dunning & Boschert Press Co., Inc 
Syracuse, N. Y. (Cc) 

*Elmes Engineering Div., American Steel 
Foundries, Cincinnati, mee (A, B, C) 

*F.I.M.S.A.L Spa, Milan, 

Flick-Reedy Corp., Mites Fluid Power 
Div., Melrose Park, Ill. (A, B) 

*French Oil Machinery Co., The, Piqua, 
Ohio B, C 

*Karlton Machinery Corp., Chicago, : 

Mount Hope Machinery Co., Taunton, 
Mass. (A, B, C) 

Parker Hydraulics Div., Parker-Hannifin 
Corp., Cleveland, Ohio (B) 

— A.-Off. S.A.S., Novate (Milan), 
Italy 

Vickers Inc., Detroit, Mich. (B) 

*Watson-Stillman Press Div. Farrel-Bir- 
mingham Co., Inc., Rochester, N. Y. 


: BC 
*Wood, R. D., Co., Phila., Pa. (B, C 


AIR CONDITIONING EQUIPMENT 


American Instrument Co., Inc., Silver 
Spring, Md, 
Carrier Corp., Syracuse, N. Y. 
Dryomatic Corp., Alexandria, Va. 
*Famco, Inc., Louisville, Ky. 
—_— Plastic Fabricators, Norwood, 
ASS. 


*Powers Regulator Co., The, Skokie, Ill. 


AUTOCLAVES 


*Adamson United Co., Akron, Ohio 
American Instrument Co., ‘Inc., Silver 
Spring, Md. 
Blaw-Knox Co., Pittsburgh, Pa. 
*Bolling, Stewart, & Co., Cleveland, Ohio 
Custom Machine & Design Co., Inc., 
- — ie “ " 
irst Machinery Co: Broo , Bole 
*Hull-Standard Com. Haden Pa. 
Patterson Foundry and Machine Co., 
The, E. Liverpool, Ohio 
S. Mc Special Machine Corp., New 
Yor 
Seal Cast Co., Inc., Philadelphia, Pa. 


a Francis, & Co., Ltd., Manchester, 
ng 


BARRELS, TUMBLING 


*Abbe, Paul O., Inc., Little Falls, N.J. 
*Armaturen-u. Maschinenf. abrik, Lohmar, 


W. Germany 


*Kramer, H, W., Co., Inc., Richmond 
Hills, N.Y. 


Lord Chemical Corp., York, Pa. 
& Indicates Advertiser 


* line Automatic Polishing Equipment 
rp., Tuckahoe, N. Y. 


*Plastic Molders Supply Co., Inc., Fan- 


wood, 
Siebert, "Rudolph R., Co., Rochester, N.Y. 
*Tumb-L- Matic, Inc. ™ Sta mford, Conn. 
*United States Rubber Co., N. Y., N. Y. 


BEARINGS 


(Ball, Cotati, Needle, Radial, Roller, 
Taper, Thrust) 


ao 3 < te Fibre Corp., New- 
ark, : 
Rollway Bearing Co., Inc., Syracuse, N.Y. 
= Roller Bearing Co., The, Canton, 


BOILERS 
— Fuel Engineering Co., Rockford, 


Mears-Kane-Ofeldt, Inc., Bridgeport, 
Mont roe! County, Pa. 

Portlan , The, Portland, Me. 

*Rainville pad Inc., The, Garden City, 
Long Island, N.Y. 


BUFFING AND POLISHING WHEELS 
oem Co., The, Niagara Falls, 


Disoxrin Industries, Inc., Mt. Vernon, 
N.Y. 


Divine Brothers Co., Utica, N.Y. 
*Kramer, H. W., Co., Inc., Richmond 
Hill, N.Y. 
Lea Mfg. Co., The, Waterbury, Conn. 
ns eden one Inc., Manheim, 
a. 


CALENDERING EQUIPMENT 


*Adamson United Co., Akron, Ohio 
American Hydrotherm Corp., Long 
Island City, N.Y. 
*Black-Clawson Co., Inc., Dilts Div., Ful- 
ton, N.Y. 

*Berstorff, Hermann Maschinenbau-Anstalt, 
G. m. b. H., Hanover, W: Germany 
*Bolling, Stewart, & Co., Cleveland, Ohio 
*Farrel-Birmingham Co., Inc., Ansonia, 


Conn. 

Hale and Kullgren, Inc., Akron, Ohio 
*Johnson Machinery Co., Newark, N.J. 
*Litzler, C. A., Co., Inc., Cleveland, Ohio 

Ross, Charles, & Son Co., Brooklyn, N.Y. 
*Shaw, Francis, & Co., Ltd., Manchester, 

England 

Sherman Rubber Machinery Co., Div. of 
Botwinik Brothers of Mass., Inc., Wor- 
cester, Mass. 

Sturtevant Mill Co., Boston, Mass. 

Verdvin, John, Machine Corp., Paterson, 

N.J. 


CONTROLLERS 


A. Automatic Film Wind-up 
B. Flow 

C. Pressure 

D. Temperature 


American Hydrotherm Corp., 

Island City, N.Y. 
American Instrument Co., Inc., Silver 
Spring, Md. (D) 
Askania Regulator Co., Chicago, Ill. 
(A, B, C, D) 


Lon 


*B. L. P. re Ltd., Sutton Cold- 
field, England (D) 


*Barber-Colman Co., Wheelco Div., eek 
ford, Ill. (D, C 
Barkdale Valves, Los Angeles, Galt 
*Brabender, C. W., Instruments, Inc. 

S. Hackensack, N.J. (B, D) 
— Hydraulic Press Co., Clifte 


(C 
Citel,. N.J. 


Eclipse Signal Corp., Moline, ~~ 
Fuel Engineering Co., heck 
Egan, enh W., & Co., a N. 3) 


Electro-Devices, Inc., Paterson, N.J. (A) 
Electronic Processes Corp. of ornia 
San Francisco, Calif. (D 
*F.LM.S.A.L Spa, Milan, Italy (C) 
*Faeco Machine Co., Inc., Paterson, N.J. 
A 


( 
Fischer & Porter, Hatboro, Pa. (B, C, D 

Foxboro Co., Foxboro, Mass. . 
General Electric Co., Apparatus Sales 

Div., Schenectady, N.Y. (Cc, 
Glenn Electric Heater, Newark, ye (D 
*Guild Electronics, Inc., oe Y. (A 
Hale and Kullgren, Inc., Akron, "Ohio (A 
*Improved Machinery, Inc., Nashua, NE 


N.J. 
Devco Engineering, Inc., 


) 
Independent Die & Supply Co., St. 
Louis, Mo. 
*Industrial Mfg. Corp., Indianapolis, Ind. 
Injection Molders Supply Co., Clevelan 
Ohio (D 
Leeds & Northrup Co., Philadelphia, 3) 


Leslie Co., Lyndhurst, N. J. (B, C, D) 
Manton Gauli Mfg. Co., Inc., — 
Mass. 
Mayer —~ ik Engineers, Inc 
Lincoln Park, in (D} 
Mount Hope Mac inery Co., Taunton 
Mass. (A 
North American Mfg. Co., The, Cleve- 
land, Ohio (A 
Partlow Corp., New Hartford, N.Y. 
*Powers Regulator Co., The, Skokie, IL. 
(C, D) 
Progressive Machine Co., Inc., Paterso 
N 


Pyrometer Instrument Co., Inc., Bergen- 
field, N. J 
*Rainville Co., Inc., Pes Garden City 
Long Island, N. Y (Dj 
*Reliance Electric & Engineering Co 
Cleveland, Ohio (Ad 
*Sarco Co., Inc., New York, N. Y. (C, = 
Sterling Inc., Milwaukee, Wis. (B, D) 
*Taylor Instrument Companies, nome 
ter, N. Y. (B, C, D) 
Thoreson-McCosh, Inc., Detroit, Mich. 


D 
Thermo Electric Co., Inc., Saddle ane 


N.J. 
Thwing-Albert Instrument Co., Philadel- 

phia, Pa (D) 
Vic Mfg. Co., Minneapolis, Minn. (D) 


Vickers, Inc., Detroit, Mich. (B, C) 
— John, Corp., New — 


*Weigand, Edwin L., Co., Pittsburgh, Pa. 
*West Instrument Corp., Chicago, Ill. (D 


Weston Instruments, Div. of Daystro 
Inc., Newark, N. J. (C, D} 


1119 





CONVEYORS 


Bailey, R. N., & Co. Inc., N. Y., N. Y. 
*Berstorff, Hermann, Maschinenbau-An- 
stalt Hanover, W. Germany 
*Brown Machine Co., Beaverton, Mich. 
Donen Div. of Fuller Co., Cleveland, 
10 
*Egan, Frank W., & Co., Somerville, N.J. 
*Entoleter Div., "Safety Industries, 
New Haven, Conn. 
— Prodotti Termoplastici, Varese, 
taly 
*Goulding Mfg. Co., Saginaw, Mich. 
*Hartig Engine & Machine Co., Moun- 
tainside, N. J. 
Island Equipment Corp., Long Island 
City, N. Y. 
ae ra Marterie Plastiche, Turin, 
ta y 
Mercury Heat —s Equipment Co., 
Philadelphia, Pa. 
Mercury Industries, Inc., Hillsdale, N.J. 
Michigan Oven Co., Detroit, Mich. 
— Rubber Machinery Co., Akron, 
Jhio 
* A. a Corp., The, Farquhar Div., 
or 
Plastic es Div. of The Wood- 
man Co., Decatur, Ga. 
Proctor & Schwartz, Inc., Philadelphia, 


Pa. 

*Rainco Mfg., Inc., Franklin, Pa. 

Rapids Machinery Co., Inc., 
lowa 

*Reifenhauser Plastics 
New York 11, N. Y. 

*Robbins Plastic Machinery Corp., Elk- 
hart, Ind. 

Robinson Air-Activated Conveyor Sys- 
tems, Div. of Morse < Destruc- 
tor Co., New York, N. 

Ss. M. ¢C. Jame Machine Corp., New 
York, N. 

Spencer Turbine Co., The, Hartford, 


”? 


Marion, 


Machinery Co., 


Conn 
Sprout, Waldron & Co., Inc., Muncy, Pa. 
Standard Conveyor Co., N. St. Paul 9, 
Minn. 
Syntron Co., Homer City, Pa. 
Thoreson- McCosh, Inc., Detroit, Mich. 
aes 3 States Rubber’ Co., New York, 


vou John, Machine Corp., Paterson, 


* Whitlock, C. H., Associates, Oak Park, 
Mich. 


CYLINDERS 


C. Heating, for injection molding 
machines 


Airmatic Valve, Inc., Cleveland, ee 


Airoyal Co., The, Maplewod, N. J. te WB 
Bellows Co The, n, Ohio 


*Brown sichine’' Co., Beaverton, Mich. 


(A) 
Callanan, J Co., Chicago, Ill (A) 
*Clifton Fy dense Press Co., Clifton, N. ae 


*Dunning & Boschert Press 7 
Syracuse, N. Y. 
a7 Tech Equipment Co., New York, 
Y. 


(A 
Flick Reedy Corp., Miller Fluid Power 
Div., Melrose Park, IIl. (A, B) 
Hanna’ Engineering Works, Chicago, - 


*Hannifin Co., Div. of Parker-Hannifin 
Corp., Des Plaines, Ill. (A, B, C) 
Hull Corp., Hatboro, Pa. *D) 
*Hydraulic Press Mfg. Co., The, Div. of 
Koehring Co., a Gilead, Ohio (A, B) 
*Lawton, C. A., Co., The, De Pore, 
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i Machine Works, Inc., sha) 
emer ete, Inc., Subsidiecy” of 
Logan Engineering Co., Chicago, 7 


*M bs N Modern Hydraulic Press, 


N. J. 
Mead ~~ ~ Chicago, Ill (A 
eg 
Sp Machine 


Sock. ou 
Spencer Turbine Co., The, Hartford, 
Tronomatic Machine Mfg. Corp., New 
Trubor Mfg. Co., Inc., Worcester, ws 
Verduin, John, Machine Corp., Paterson, 
Vickers, Inc., Detroit, Mich. % 


DIES, CUTTING 


Accurate Steel Rule Die Manufacturers, 
New York, 


*Davidson-Kennedy Co., Atlanta, Ga. 
Fabbr. Prodotti Termoplastici, Varese, 


Italy 

*Goulding Mfg. Co., Saginaw, Mich. 
Independent Die & Supply Co., St. Louis 
Newton Tool & Mfg. Co., Wenonah, N. J. 
Ormond Mfg. Co., Union City, N. J. 
Pratt & Whitney, W . Hartford, Conn. 
Richards, J. A., , Kalamazoo, —_ 
Tronomatic Mizchinn i New York, N. Y 
Western Supplies Co., St. Louis, Mo. 


DIES, STEEL RULE, CLICKER 
AND DINKER 


Accurate Steel Rule Die Manufacturers, 
New York, N. Y. 
*Akron Presform Mold Co., Cuyahoga 
Falls, Ohio 
*Cosmos Electronic Machine Corp., New 
York, N. Y. 
*Davidson-Kennedy Co., Atlanta, Ga. 
*Guild Electronics, Inc., New York, N. Y. 
Independent Die & Supply Co., St. Louis, 
M 


0. 

Liberty Cutting Die Co., New York, N. Y. 

Newton Tool & Mfg. Co., Wenonah, N.Y. 

Richards, J. A., Co., Kalamazoo, Mich. 

eT Machine Mfg. Corp., New 
Yor 

Western Supplies Co., St. Louis, Mo. 


DRIVES, VARIABLE SPEED 


Electro-Devices, Inc., 9 Fe N. J. 
*Farrel-Birmingham Co., Inc., 


., New 


mia, 


Conn 
tLitzler, Cc A., Co., Inc., Cleveland, Ohio 
Patron Transmission ye 
*Reliance Electric & Engineering Co., 
Cleveland, Ohio 
Sterling Electric Molders, Inc., Los An- 
geles, Calif. 
Vickers, Inc., Detroit, Mich. 


DRYING AND PREHEATING 
EQUIPMENT 


A. Electric, Om Hot Air, Steam Heat 
B. Infrared 


Industries, Newark, N. J. 
& Jewell, Inc., Brooklyn, N. Y. 
ag Maschinenba 


rgh, Pa. 

gton, Vt. 

alk, Conn. ( ‘ABS 
Co., Inc., New ba 


 s (A 
Cleveland Process Corp., Cleveland, Ohio 
Colton, Arthur, Co., Detroit, Mich. (A) 


Dawson, F. C., Engineering Co., Canton 
Mass. (A) 


Blodgett, G. S., Ps Bur 

*Blue, E. B., Co., S. Norwal 

*Brosites Machine 
N.Y 


‘< nee Wis. (B). 


Despatch Oven Co., Minneapolis, i 


Doyle, J. E., —~y Cleveland, Ohio B 
Drying Systems Co Chicago, Ill. (A, B) 
Corp., Ale » Va. (A) 
Fuel Engineering Co., Rox em 


Electric Trading Co., hang York tay 
— Equipment Co., New Brighton. 


Fins “and F ~~ | Calif. 
Foremost Lin 
ingston, N. r (A) 
*Fostoria Pressed Steel Corp., The Fos. 
toria, Ohio (A, B) 
oo ae Heater Corp., Ne wat 


Mic S. » agin Mich. ( : H 
Greve ne, Til. (A) 
n, Ohio (A) 

sofman x » be” me Krefeld, W. 
(B) 

*Hull- Sir Standard Corp., Hatboro, Pa. (A) 
*Industrial Ovens, Inc., Cleveland, rg” 


ee Molders Supply Co., Clevcln 
#Libew Machine Co., Inc., peaae, x | 
*Litzler, C. A., Co., Inc., Cleveland, Ohi 


(A, Bj 

Lord Chemical Corp., York, Pa. (A) 
*Lydon Brothers, Inc., Hackensack, N. J. 
(A, B) 

*Mayflower Electronic Devices, Inc., Little 
Ferry, N. J. (A) 
*Mercury Industries, Inc., Hillsdale, N. J. 
(A, B) 

Michi Oven Co., Detroit, Mich. ( A. B) 
— ~ Infra-Red Co., The, Cleveland, 


(B) 
National Rubber Machinery Co., 


—_ 
North ™ * ~ Electric Lamp Co., Se 
Louis, Mo. 
Proctor & Schwartz, Phila., Pa. 
Radiant Heat Enterprises, Inc., 
Hills, N. J. ,B 
*Rainvilie, Co. ? The, Garden City, 
Long island, N (A) 
*Robbins Plastic gt Pe Corp.. Elk. 
hart, Ind. (A) 
Rockwell, W. S., Co., Fairfield, Conn. (A) 
S. M. Special Machine Corp., New 
You N (A, B) 
Societe = L'Electronique Francaise, As- 
nieres, France (A) 
Industrial Designs, Inc., Somer- 
ville, N. J. (B) 
*Stokes, F. J., Corp., Phila. 
Stromes Systems, Inc., New "York, N. i 


Thermomat Co., Inc., Trenton, N. I en 
Thoreson-McCosh, Inc., Detroit, Mick (A) 
mee States Rubber Co., New — 


Waldron, John, Corp., New Brunswick, 
kWeigead, Edwin L., Co., Pittsburgh, x 


— C. H., Associates, Oak = 
Mich. 

Wolverine Paper Converting Daochiont 

Corp., Detroit, Mich. (A) 

Wyssmont Co., Inc., Long Island C id 
N. Y. 


Young Brothers Co., Cleveland, Ohio (A 
Zack Industries, Hawthorne, N. J. 


FILTERS AND OIL PURIFIERS 


Marvel ay Co., Chicago, IIl. 
pos Seve Corp., “Brookline, Mass. 
Read Standard, Div. of Capitol Products 


ag a, a York, Pa. eee, New 


n dott Ne 
~ & Co., Inc., Harrison, N. J. 


Shriver, T 





FLOW METERS 
tclipse Fuel Engineering Co., Rockford, 
1] 


Fischer & Porter Co., Hatboro, Pa. 

Foxboro Co., The, Foxboro, Mass. 

‘Taylor Instrument Companies, Rochester, 
N. Yi 


GAGES 


A, Plug and Thread 
3 Recording 
). Thickness, for Moving Web 


*Barber-Colman Co., Rockford, Ill. 
Consolidated Electrodynamics Corp., 
Rochester Div., Rochester, N. Y. (B) 


Curtiss-Wright Corp., Carlstadt, N. J. 


(B, C) 

Foxboro Co., The, Foxboro, Mass. 
Helicoid Gage Div., American Chain & 
Cable Co., Ine., Brid eport, Conn. (B) 
tndeataial Nucleonics eg Columbus, 
Ohio (B, C) 
Newton Tool and Mfg. Co., Weno- 


nal 
nah, 


Partlow C orp. ., The, New Hartford, N. Y. 
(B) 
The, Skokie, Ill. 
(B) 
Pratt & Whitney Co., Inc., W. Hartford, 


Conn (A, B, C) 
Size Control Co., Div. of American Gage 
& Machine Co., Chicago, Ill. (A) 
*Taylor Instrument Companies, Rochester, 
N. } (B) 


*Powers Regulator Co., 


Tracerlab, Inc., Waltham, Mass. (C) 
Weston Instruments, Div. of Daystrom, 
Inc., Newark, N. J. (B) 


GENERATORS, STEAM 
Automatic Steam Products, New York, 
N. Y. 


igs Fuel Engineering Co., Rockford, 


Me ars-Kz ane-Ofeldt, Inc., 


Bridgeport, 
\lontgomery County, Pa. 


HANDLING DEVICES FOR PLASTIC 
SHEETS AND FILM 


(Expanders, Guiders, Sheeters, 
Straighteners, etc.) 


Al-Be Industries, Bell Gardens, Calif. 
*Brown Machine Co., Beaverton, Mich. 
*Dusenbery, John, Co., Inc., Verona, N. J. 
*Egan, Frank W., & Co., Somerville, N. J. 

Fife Mfg Co., Oklahoma City, Okla. 
*Goulding Mfg. Co., Saginaw, Mich. 

Hale & Kullgren, Inc Akron, Ohio 

Hamilton Tool Co., The., Saale, Ohio 
*Hartig Engine & "Machine > Moun- 

tainside, N. J. 
*Industrial Ovens, Inc., Cleveland, Ohio 

Inte oe Dynamics Corp., Engle- 

Wwooc J 
*Johnson Mfg. Co., Chippewa, Wis. 
*Liberty Machine Co., Inc., Paterson, N. J. 
tLitzler, C. A., Co., Inc., Cleveland, Ohio 
*Me iyflower E ctrcale Devices, Inc., Lit- 
tle Ferry 
“— Hope gt = a Co., Taunton, 
iss. 
*National Rubber Machinery Co., Akron, 


Ohio 


Peco _ Machinery Sales Ltd., London, 
*Peesone A. W., & Sons Die Co., New 
-— American Mfg. Co., The, Cleve- 
Progressive Machine Co., Inc., Paterson, 
*Robbins Plastic Machinery Corp., Elk- 


rt, Ind. 
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*Shaw, Francis, & Co., Ltd., Manchester, 
England 


HEATING EQUIPMENT 
(For Molds and Molding Machines) 


American Hydrotherm Corp., Long Is- 
land yn N. Y. Newark, N. J. 
Ampere Industries, New N. 
aS Engineering Works, Inc., Jo- 
iet 
*Clifton Hydraulic Press Co., Clifton, N. J. 
Devco Engineering Inc., Caldwell, N. J. 
~ Fuel Engineering Co., Rockford, 


Electrophysical Engineering Co., Div. of 
National Automotive Fibres, Inc., 
Orange, Calif. 

Belem Equipment Co., New Brighton, 


‘a. 

*Fostoria Pressed Steel Corp., The, Fos- 
toria, Ohio 

General Electric Co., ates a Sales 
Div., Schnectady, N. 

— Electric Heater Ges Newark, 


J. 

*Guild Electronics, Inc., New York, N 
Industrial Heater Co., "Inc., N.. ¥,, N. ¥. 
Industrial Mfg. Corp., Indianapolis, Ind. 

pene Molders Supply Co., Cleveland 


Meee Kane Ofed, Inc., 
Montgomery County, Pa. 
Mercury Industries, Inc., Hillsdale, N. J. 
*National Rubber Machinery Co., Akron, 
Ohio 
Packaging Industries Ltd., 
clair, N. J. 
*Powers Regulator Co., The, Skokie, III. 
*Robbins Plastic Machinery Corp., Elk- 
hart, Ind. 
*Sarco Co., Inc., New York, N. Y. 
Sterling Inc., Milwaukee, Wis. 
*Thermal, Inc., Franklin Park, Iil. 
Thermomat Co., Inc., Trenton, N. J. 
Thoreson-McCosh, Inc., Detroit, Mich. 
Watlow Electric Mfg. Co., St. Louis, Mo. 
*Weigand, Edwin L., Co., Pittsburgh, Pa. 


HEAT SEALING EQUIPMENT 
(See also Machines, Heat Sealing) 


Accurate Steel Rule Die Manufacturers, 
New York, N. Y. 
Callanan, J. A., Co., Chicago, Ill. 
Carbert Mfg. Co., Inc., Cambridge, Mass. 
= Ralph, & Co., San Francisco, 


Bridgeport, 


Inc., Mont- 


*Cosmos Electronic Machine Corp., New 

York, N.Y. 

Electronic Processes Corp. of California, 
San Francisco, Calif. 

Emhart Mfg. Co., Standard-Knapp Div., 
Portland, Conn. 

Erdco Engineering Corp., Addison, Ill. 

Flodins Industri AB, Lyseuil, Sweden 

Glenn Electric Heater Corp., Newark, 


Guild Electronics, Inc., New York, N.Y. 
Hale and Kullgren, Inc., rer Ohio 
Industrial Heater Co., Inc., N. Y., N. Y. 
Industron Corp., Newton, Mass. 

Kabar Mfg. Corp., New York, N.Y. 
Kel-Min Co., Middlefield, Ohio 
= W. T., & Asociates, Inc., Troy, 


Liberty Cutting Die Co., New York, N.Y. 
*Mayflower Electronic Devices, Inc., 
Little Ferry, N.J. 
Mercury Heat Sealing Equipment Co., 
Philadelphia, Pa. 
sabe = i A. W., & Sons Co., New York, 


Plastic Fabricants, Div. of The Woodman 
Co., Decatur, Ga. 

Plastic Welding Corp., Newark, N.J. 

Progressive Electronics, Lodi, N. i 

Reeve Electronics, gm Chicago, Il. 

Radio Receptor Co., Inc., New York, N.Y. 

Sealine Mfg. Corp., Chicago, Til. 


*Sealomatic Electronics Corp., Los An- 
geles, Calif. 
Tronomatic Machine Mfg. Corp., New 


bs Casekin, N.Y. 
“Te J » New Brunswick, 
wold Edge Plastics, Inc., Newark, N.]J. 
Western Supplies Co., St. Louis, Mo. 


HIGH FREQUENCY PREHEATING 
EQUIPMENT 


Erdco Engineering Corp., Addison, Ill. 
Girdler Process Equipment Div., Na- 
tional Cylinder Gas Co., Louisville, Ky. 
*Guild Electronics, Inc., New York, N.Y. 
Industron Corp., Newton, Mass. 
*Karlton Machinery Corp., Chicago, Ill. 
La Rose, W. T., & Associates, Inc., Troy, 


*Mayflower Electronic Devices, Inc., Little 
Ferry, N.J. 
ls Na A. W., Sons & Co., New York, 
Plastic Welding Corp., Newark, N.J. 
Radio R or Co., Inc., New York, N.Y. 
Raybond Electronics, Inc., Newton High- 
lands, Mass. 
Reeve Electronics, Inc., Chicago, Ill. 
Sherman Industrial Electronics Co., 
Belleville, N 
Societe de L’Electronique Francaise, 
Asnieres, France 


Young Brothers Co., Cleveland, Ohio 


HYDRAULIC POWER SYSTEMS 


Airoyal Co., The, Maplewood, N.]J. 
*B. I. P. Engineering, Ltd., Sutton Cold- 

field, England 

Berthelsen Engineering Works, 

Joliet, Il. 

Bethlehem Steel Co., Bethlehem, Pa. 
*Clifton Hydraulic Press Co., Clifton, N.J. 

Consolidated Baling Machine Co., Brook- 

lyn, N.Y. 

Devco Engineering Inc., Caldwell, N.J 
*Dusenbery, John, Co., Inc., Verona, N.J. 
*Elmes Engineering Div., American Steel 

Foundries, Cincinnati, Ohio 
*French Oil Mill Machinery Co., The, 
Piqua, Ohio 
*Goulding Mfg. Co., Saginaw, Mich. 
*Guild Electronics, Inc., New York, N.Y. 
*Hull-Standard Corp., Hatboro, Pa. 
*Hydraulic Press Mfg. Co., The, Mt. 
Gilead, Ohio 
Intercontinental Dynamics Corp., Engle- 
wood, N.J. 
*xJohnson Machinery Co., Newark, N.J. 

Kabar Mfg. Corp., New York, N.Y. 
*Karlton Machinery Corp., Chicago, IIl. 
*Lawton, C. A., Co., The, De Pere, Wis. 
*Logan Hydraulics Inec., Subsidiary of 

Logan Engineering Co., Chicago, IIl. 
*M & N Modern Hydraulic Press, Clifton, 


Schiller 


Inc.,; 


N,J. 

as Engineering Corp., 
Park, Ill. 

Oilgear Co. The, Milwaukee, Wis. 

= A.-Off. S.A.S., Novate (Milan) 
ta 

Vickers, Inc., Detroit, Mich. 

* Wood, R. D., Co., Philade sIphia, Pa. 


KETTLES, RESIN 


Blaw-Knox Co., Pittsburgh, Pa. 

Crawford & Russell, Inc., Stamford, 
Conn. 

Dean Thermo-Panel Coil ie 
Products, Inc., Brooklyn, N.Y 

— Equipment Co., New Brighton, 


Hull ‘Corp., Hatboro, Pa. 
*Hull-Standard Corp., Hatboro, Pa. 
S. M. C, Machine Works, New 


York, N.Y 
Sturtevant Mill Co., Boston, Mass. 


Dean 
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LINERS, EXTRUDING MACHINE 
CYLINDERS 


*Egan, Frank W., & Co., Somerville, N.J. 
Hale & Kullgren, Inc., "Akron, Ohio 
Industrial Research Laboratories, Div. 

Honolulu Oil Corp., Los Angeles, Calif. 

*Johnson Machinery Co., Newark, N.J. 


LUBRICATING SYSTEMS, 
CENTRALIZED 


at Lubricating Corp., Rochelle Park, 


Lincoln Engineering Co., Div. of the 
McNeil Machine & Engraving Co., St. 
Louis, Mo. 


MARKING EQUIPMENT 


A. Roll Leaf Stamping 

B. Branding 

C. Engraving 

D. Printing (for molded parts only) 


*Ackerman-Gould Co., New York, N.Y. 
(A, B, C, D) 

*Acromark Co., The, Elizabeth, N N.j. 
(A, B, C, D) 
Admiral Coated Products, Inc., Brooklyn, 
N.Y (A 
* Apex Machine Co., College Point, N.Y. 
(A, D) 
Grauert, Ralph W., Inc., New York, N.Y. 


(A 

New York ‘y . J 
B, C) 

Hermes Engravers, Inc., New York N.Y. 
IC 


*Guild Electronics, Inc., 


) 
Independent Die & Supply Co., St. 
Louis, Mo. 


International Eastern Co., New York, 
N.Y. (D 


International 
Grove, N.J. 
Kaumagraph Co., Wilmington, Del. (D) 
Markem Machine Co., Keene, N. *.. ; 
.D 


(A, 
Matthews, Jas. H., & Co., Pittsborgh Pa. 


Mechanical Engraving Co., Inc., Bronx, 
N.Y. (C) 
Cambridge, Mass. 
C) 


Engraving Corp., Cedar 
(C) 


*Mico Instrument Co., 


New Hermes 9 Machine Corp., 
Inc., New York, N.Y. 
*Olsenmark Corp., New York, N.Y 
(A, B, D) 
Parker-Hartford Corp., The, H: rtford, 
Conn. B, C, D) 
Screen-O-Printer Adams, 
Mass. 
Swan Machine Co., 


Mfg. Co., 


(D) 
New York, N.Y. (A) 


MOLD COMPONENTS, STANDARD 
STOCK 


*Chemical Development Corp., Danvers, 
Mass. 

Crucible Steel Company of America, 
Pittsburgh, Pa. 

Damen Tool & Engineering Co., Inc., 
Chicago, III. 

*Detroit Mold Engineering Co., 
Mich. 

Electroforms, Inc., Los Angeles, Calif. 

*National Tool & Mfg. Co., Kenilworth, 


Detroit, 


N,J. 
Newark Die Co., Newark, N.J. 
ba a Iron Works Co., Cleveland, 
io 


MOLDS AND DIES 


(See Specialized Services) 
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MOTORS 


General Electric Co., Apparatus Sales 
Div. Schenectady, N.Y. 
aa The, moninn, mat ag — 
ransmission Co ew 
*Reliance Electric & Bogiseden Gone 
Cleveland, Ohio 
Sterling Electric Motors, Inc., Los An- 


eles, ; 
Vickers, Inc., Detroit, Mich. 
NOZZLES, FOR INJECTION 


MOLDING MACHINES 


*Clifton Hydraulic Press Co., Clifton, N.J. 
*F.I.M.S.A.L Spa, Milan Italy 
<“o5= Molders S upply Co., Cleveland, 
io 
Newark Die Co., Newark, N.J. 
Oak Engineering Co., Inc., Gloucester 
City, Ls 
Trubor Mfg. Co., Inc., Worcester, Mass. 


OVENS 


(See Drying and Preheating Equipment, 
Infrared) 


PLATENS, PRESS 
(Electric and Steam) 


*Adamson United Co., Akron, Ohio 
Albert, L., and Son, Trenton, N.J. 
*B. I. P. Engineering, Ltd., Sutton, Cold- 
field, England 
Becker & van Hiillen Niederrhenische 
Maschinenfabrik, Krefeld, W. German 
*Berstorff, Hermann, Maschinenbau- 
GMBH, Hanover, W. Germany 
a Engineering Works, Inc., Jo- 
iet, Ill. 
*Bolling, Stewart & Co., Cleveland, Ohio 
Bonwitt, Eric, Chicago, IIl. 
*Carver, Fred S., Inc., Summit, N.J. 
*Custom Engineering Co., Erie, Pa. 
*Daniels, T. H. & J., Ltd., Gloucester- 
shire, England 
Electroform Corp., Subsidiary of L. E. 
Carpenter & Co., S. Norwalk, Conn. 
Falcon Equipment Co., New Brighton, 
P 


‘a. 
*French Oil Mill Machinery Co., The, 
Piqua, Ohio 
*Hull-Standard Corp., Hatboro, Pa. 
*Johnson Machinery Co., Newark, N.J. 
*Karlton Machinery Corp., Chicago, Il. 
Lake Erie Machinery, Kenmore, N.Y. 
*Lawton, C. A., Co., The, De Pere, Wis. 
*Logan Hydraulics Inc., Subsidiary of 
Logan Engineering Co., Chicago, Ill. 
*Reliable Rubber & Plastic Machinery 
Co., Inc., N. Bergen, N.J. 
*Roehlen Engraving Works Inc., Roch- 
ester, N.Y. 
*Shaw, Francis, & Co., Ltd., Manchester, 
England 
Shriver, T., & Co., Inc., Harrison, N.J. 
Sturtevant Mill Co., Boston, Mass. 
Swan Machine Co., New York, N.Y. 
*Testing Machines, Inc., Mineola, N.Y. 
*United States Rubber Co., New York, 


N.Y. 
Wabash Metal Products Co., Inc., Wa- 


ash, Ind. 
*Williams-White & Co., Moline, Ill. 
*Wood, R. D., Co., Philadelphia, Pa. 


PLATES, FOR COMPRESSION 
MOLDING 


Albert, L., and Son, Trenton, N.J. 
Becker & van Hiillen Niederrheinische 
Maschinenfabrik, Krefeld, W. Germany 
Bonwitt, Eric, Chicago, Ill. 
Carver, Fred S., Inc., Summit, N.J. 
Folrite Metals Corp., Brooklyn, N.Y. 
* Johnson eer Co., Newark, N.J. 
*Reliable Rubber Plastic Machinery 
Co., Inc., N. LS en, N.J. 
Wabash Metal Products Co., Inc., Wa- 
bash, Ind. 


PROPORTIONING 
(and metering) 
SYSTEMS 


*Akron Presform Mold Co., Cuyahog 
Falls, Ohio 
*Barber-Colman Co., Wheelco Instn. 
ments Div., Rockford, Ill. 

Devco Engineering -» Caldwell, NJ, 
Fischer & om Co., yo Pa. 
Hardman, H. V., Co., Ine. Belleville, N.J, 
Mateer, G. Diehl, Co., Wayne, Pa. 
Mercury Industries, Inc., Hillsdale, NJ. 
% 4 Tool and Mfg. Co. _ Weno: 


N. J. 
Richardson Scale Co., Clifton, N.J. 
S. M. C. Special Machine Corp., New 
York, N.Y. 
Zenith Products Co., W. Newton, Mass, 


PYROMETERS 


*Barber-Colman Co., Wheelco Instru- 
ments Div., Rockford, Ill. 

bia erg Instrument Co., Inc., New 
York, N.Y 

Electro-Tech Equipment Co., New York, 
N.Y. 


Foxboro, Co., The, Foxboro, Mass. 

General Electric Co., ae Sales 
Div., Schenectady, NY 

Glenn "Electric Heater Corp. -» Newark, 


Minis Testing Laboratories, Inc., Chi- 
cago, Ill. 
Leeds & Northrop Co., Philadelphia, Pa. 
= TN. Instrument Co., Inc., Bergen- 
e 
*Rainville «3 Inc. = The, Garden City, 
Long Isl land, N 
*Taylor oak Coiadiiiien Rochester, 
N.Y. 


Technique Associates, Inc., Indianapolis, 


Ind. 
*Testing Machines, Inc., Mineola, Long 
Island, N.Y. 
Thermo Electric Co., Inc., Saddle Brook, 
N. 


Theveg-Albert Instrument Co., Philadel- 
phia, Pa. 
Wabash Metal Products Co., Inc., Wa- 
bash, Ind, 
*West Instrument Corp., Chicago, III. 
Weston Instruments, Div. of Daystrom, 
Inc., Newark, NJ. 


REWINDING EQUIPMENT 


Al-Be Industries, Bell Gardens, Calif. 
*Appleton Machine Co., Doven Div., Ap- 
pleton, Wis. 
*Berstorff, Hermann, Maschinenbau-Anstalt 
GMBH, Hanover, W. Germany 
*Black-Clawson Co., Inc., Dilts Div., Ful- 
ton, N.Y. 
*Brown Machine Co., Beaverton, Mich. 
*Cylinder Mfg. Co., Hawthome, N,J. 
*Dusenbery, John, Co., Verona, NJ. 
*Egan, Frank W., & Co., aie NJ. 
Electrophysical Engineering Co. Div. 
National Automotive Fibres, Inc. 
Orange, Calif. 
Entwistle pee. Corp., Provi- 
dence, R. 
*Gouldin Mfg. Co., Saginaw, Mich. 
*Guild Electronics, Inc., New York, N.Y. 
Hale & Kullgren, Inc., "Akron, Ohio 
*Industrial Ovens, Inc., Cleveland, Ohio 
*Litzler, C. A., Co., Inc., Cleveland, Ohio 
Mount Hope Machinery Co., Taunton, 
Mass. 
Progressive Machine Co., Inc., Paterson, 


N.J. 
*Reifenhouser Plastics Machinery ©. 
New York, 


bes age John, Corp., New Brunswick, 


Wolverine Paper Converting Machinery 
Corp., Detroit, Mich. 





ROLLS 


A. For Calendering and Compounding 
B. For Embossing 
C. For Printing 


*Ackerman-Gould Co., New York (B) 
*Acromark Co., The, Elizabeth, N.J. iC 
*Adamson United Co Akron, Ohio 
Al-Be Industries, Bell Gardens, Calif. (B 
Apex Machine Co., College oe O 


*Appleton Machine Co., Doven wer 
pleton, Wis. 3 
Bethlehem Steel Co., Bethlehem, ne (A 
Bolling, Stewart, & o., Cleveland, Ohio 


(A) 
*Brown Machine Co., Beaverton, aa 
*Cylinder Mfg. Co., Hawthorne, N.J. 


A, B, C) 
Dornbusch & Co., Krefeld , Cooma (B) 
Electroform Corp., .?+*- 

S. Norwalk, Conn 
*Faeco Machine Co., Inc., Paterson, mo) 


*F arrel- a Co., Inc., Antal 
Con 

Hunt, "hofiows: Machine Co., Oran Fe 
Mass. 

*Industrial Ovens, Inc., Cleveland, ° 


Carpenter & Co., 


inteunlivadt Engraving Com, 
Grove, N.]J. A, B C) 
tijchueen Meshiuey. Cas maiialk om 


—_ Machine Works, Inc., . 
Boas & Schwartz, Inc., a 
Production Metal Products Co., Inc., 


cago, 


1. (A) 
+Raybestos-Manhattan, Inc., Manheim, Pa. 
*Reliable Rubber & Plastic ——— 


Co., Inc., N. Bergen, N. 
*Ringler-Doren Inc., New ‘ork, N.Y. 8) 
—— -: oe Machinery Corp., 

art, Ind. 


*Roehlen Engraving Works, Inc., Roches- 
ter, N.Y. (B, C) 
Ross, Charles, & Son Co., Brooklyn, aif 
A 

Shannon, Alexander J., Co., The, New 
York, N.Y. , C 
Shaw, Francis, & Co., Ltd., Manchester, 
England (A 
Stowe-Woodward, Newton, Mass. (C 
Sturtevant Mill Co., Boston, Mass. (A) 


Swan Machine Co., New Yor! (B, C) 
Be States Rubber Co., New York, 


4 


V edu, John, Machine Corp., Paterson, 
( 


> 


SCALES 
(Checkweighing, Compounding, Weighing) 


Detecto Scales, Inc., Brooklyn, N.Y. 


Exact Weight Scale Co., The, Columbus, 
Ohio 


Richardson Scale Co., Clifton, N.J. 


Toledo Scale, Div. Toledo Scale Corp., 
Toledo, Ohio 
Torsion Balance Co., The, Clifton, N.J. 


Weighing & Control Components, Inc., 
Hatboro, Pa. 


SQUARING SHEARS 
Nig ag a Machine & Tool Works, Buffalo, 
Wysong and Miles Co., Greensboro, N.C. 
STATIC ELIMINATORS 


Merix Chemical Co., Chicago, III. 
* Indicates Advertiser 


Portland Co., The, Portland, Me. 
U. S. Radium Corp., Morristown, N.J. 


TABLES, ELEVATING 


*Adamson United Co., Akron, Ohio 
*Bolling, Stewart, & Co., Cleveland, Ohio 
*Farrel-Birmingham Co., Inc., Ansonia, 


Conn. 
*French Oil Mill Machinery Co., The, 
Piqua, Ohie 
General Corrugated Machinery Co., Inc., 
Palisades Park, N.J. 
Hamilton Tool Co., The, Hamilton, Ohio 


TESTING APPARATUS 


A. Abrasion 
B. B. Accelerated Weathering 


PASM OmROOF 


Island, N 
American en Co., Inc., Silver 
Spring, Md. ‘B, G, 1) 
*Atlas Electric Devices Co., » Chicago, il 


*Brabender, C. W., Instruments Inc., 
Hackensack, NJ. (E, F, G, I L) 
Cleveland Process Corp., Cleveland, O 


(I) 

*Conapac Corp., New York, N.Y. (J) 
Crown Engineering & Sales Co., Harri- 
son, N.J. (K) 
Custom Scientific Instruments, Inc. 
cca N.]J. (A, L} 
Devco Engineering Inc., Caldwell, N.J. 


tp, L 
Dice, J. W., Co., Englewood, N.J.  (L) 
Entwistle Mfg. Corp., Providence, R.1. 


(D 
*Fostoria Pressed Steel Corp., The, Fos- 
toria, Ohio (I) 
General Electric Co., Apparatus Sales 
Div., Schenectady, N 
Gorrell & Gorrell, Westwood 
— Engineering 
Jones Motorola Corp., Stamford, Cons. 
Olsen, Tiniys, Testing Machine Co., Wil- 


low Grove, Pa. (E, F, G, H) 
a Equipment Corp., Waltham, 


Aetna pate Corp., Carle Pl., Lon 
D, 1 


Mas 
*Scott Tester, Inc., das 3 RL. 


C, H, I, J, L) 
Soiltest, Inc., Chicago, mn” (iL 
= instrument Corp., N. oe 
Tenney Engineering, Inc., Union, + 


*Testing Machines, Inc., Mineola, eS. 
Island, N.Y. (A, E, F,G, H,LJ,L 
Thwing-Albert Instrument Co., Phila- 
delphia, Pa. 
Torsion Balance Co., Clifton, N 
U.S. Radium Corp., Morristown, Way. (D 
Wyzenbeek and Staff, Inc., Chicago, inj 


TRAPS, STEAM 


Armstrong Machine Works, Three Riv- 

ers, Mich. 

Perfecting Service Co., Charlotte, N.C. 
*Powers Regulator Co., ” The, — Ill. 
*Sarco Co., Inc., New York, N 

Sterling, inc., Milwaukee, Wis: 

Yarnall Waring Co., Philadelphia, Pa. 


TREATING EQUIPMENT, RADIATION 
Applied Radiation Corp., Walnut Creek, 


Calif. 

General Electric Co., X-Ray Div., Mil- 
waukee, Wis. 

Hig Voltage Engineering Corp., Bur- 


Mass. 
Varian Associates, Palo Alto, Calif. 


VACUUM EQUIPMENT, HIGH 
(For Coating, etc.) 


Beach-Russ Co., New York, N.Y. 
Central Scientific Co., Chicago, Ill. 
*Conapac Corp., New York, N.Y. 

Consolidated Electrodynamics Corp., 
Rochester ~~ Rochester, N.Y. 

Dorris Process Co., Inc., Brooklyn, N.Y. 

Electrochemical Industries, Inc., Worces- 
ter, Mass. 

Hi aig oy Equipment Corp., Hing- 


Hull eon Hatboro, Pa. 
*Hull-Standard Corp., Hatboro, Pa. 
Leiman Brothers Inc., Newark, N.J. 
Mercury Industries, Ine., Hillsdale, N.J. 
NRC Equipment rp., Newton, ‘Mass. 
— Metalizing Corp., Washington, 


S. M,C. § Special Machine Corp., New 
or 
*Stokes, F. i Corp., Phila., Pa. 
berg Metalizing Corp., Long Island 
ity, N 


VACUUM PLATING HOLDING 
RACKS 


*Confronting Matrix Corp., Toledo, Ohio 
*Finish Engineering Co., Inc., Erie, Pa. 
Hull Corp., Hatboro, Pa. 
*Hull-Standard Corp., Hatboro, Pa. 
S. M. C. Special Machine, New York 
Seal Cast Co., Inc., egy ie Pa. 
yenne and Associates, Grand Rapids, 
Aic 
*Thierica Studio, Inc., Grand Rapids, 
Mich. 


VIBRATORS 


Narda Ultrasonics Corp., Mineola, N.Y. 
Syntron, Co., Homer City, Pa. 


WEIGH-FEEDERS 


Detecto Scales, Inc., Brooklyn 
— Weight Scale Co., The, \ 
o 
Glengarry Equipment, Bay Shore, N.Y. 
Mercury Heat Sealing Equipment Co., 
Philadelphia, Pa. 
New England Engineering & Mfg. Co., 
Worcester, Mass. 
Plastic Fabricants, Div. of The Wood- 
man Co., Decatur, Ga. 
Proctor & Schwartz, Philadelphia, Pa. 
——— Co., Inc., The, Garden City, 
Island, N.Y. 
nin n Scale Co., Clifton, N.J. 
Syntron Co., Homer City Pa. 
Toledo Scale, Div. Toledo Scale Corp., 
Toledo, Ohio 
Weighing & Control Components, Inc., 
Hatboro, Pa. 


WELDING, PLASTIC 
a Agile Corp., Maple Heights, 


Ohio 
*D & R Plastic Welders, Inc., Hazard- 
ville, Conn. 
Electronic Processes Corporation of Cali- 
fornia, San Francisco, Calif. 

*Guild Electronics, Inc., New York, N.Y. 
Kabar Mfg. Corp., New York, N.Y. 
Seelye Craftsmen, Minneapolis, Minn. 
Societe de L’Electronique Francaise, 

Asnieres, France 
Tronomatic Machine Mfg. Corp., New 


York, N.Y. 
Weld Edge Plastics, Inc., Newark, N.J. 
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MACHINE TOOLS 


For related editorial information see pp. 678, 870, 940 





BORING MACHINES 


Baldwin-Lima-Hamilton Corp., Hamil- 
ton, Ohio 
*Davidson-Kennedy Co., Atlanta 18, Ga. 
*National Automatic Tool Co., Ine., 
Richmond, Ind. 
Pratt & Whitney Co., Inc., W. Hartford 


1, Conn. 


BROACHING MACHINES 


*Cincinnati Milling Machine Co., The, 
Cincinnati 9, Ohio 


CUTTING TOOLS 
(Routers, Millers, Cutters, Etc.) 


Allison-Campbell Div., American Chain 
& Cable Co., Inc., Bridgeport 2, 
Conn. 

Deakin, J. Arthur 

*Dowding & Doll 
England 

*Gorton, George, 
Wis 


& Son, Jamaica, N. Y. 

Ltd., London W14, 

Machine Co., Racine, 
is. 

Hy-Pro Tool Co., New Bedford, 
*Kramer, H. W., Co., 
Hill 18, N. Y. 
Melin Tool Co., Inc. Cleveland 11, Ohio 
*Mico Instrument Co., Cambridge, Mass. 
Nash, J. M., Co., Inc., Milwaukee 45, 

Wis. 
New Hermes Engraving Machine Corp., 
Inc., New York 3, N. Y. 
*Plastic Molders Supply Co., Inc., 


Mass. 
Inc., Richmond 


Fan- 


Syracuse 4, 


wood, N. J. 
Porter-Cable Machine Co., 
N.Y 


Pratt & Whitney Co., Inc., W. Hartford 
1, Conn. 

Radial Cutter Mfg. Corp., Elizabeth, N. J. 

Richards, J. A., Co., Kalamazoo, Mich. 

Sieburg Industries, Inc., New Britain, 
Conn. 

Simonds Saw and Steel Co., Fitchburg, 


ass. 
Super Tool Co., Detroit 13, Mich. 


DIE SINKING MACHINES 


*Cincinnati Milling Machine Co., The, 
Cincinnati 9, Ohio 
akin, J. Arthur, & Son, Jamaica, N. Y. 
*Elmes Engineering Div., American Steel 
ies, Cincinnati 29, Ohio 
a George, Machine Co., Racine, 
is. 
Pratt & Whitney Co., Inc., W. Hartford 
*Reed-Prentice Div., Package Machinery 
Co., E. Longmeadow, Mass. 
Turchan Follower Machine Co., Dear- 
born, Mich. 
*Watson-Stillman Press Div., Farrel-Bir- 
mingham Co., Inc., Rochester, N. Y. 


DRILLING MACHINES 


A. Drill Presses, Multiple Spindle 
B. Drill Presses, Single Spindle 
C. Jig Borers 
Barker-Davis Machine Co., Inc., Leom- 
inster, Mass. (A, B) 
Boice-Crane Co., Talode, Ohio (A, B) 
Commander Mfe. Co , Chicago, . (A) 
*Davidson-Kennedy Co., Atlanta 18, Ga. 


B 
The, ‘nae 


° 


Electro-Mechano Co., 
2, Wis. 


* Indicates Advertiser 
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Hamilton Tool Co., The, Hamilton, AD 
Ketchpel Engineering Curp., W. Engle- 
wood, N. J. 
Lawson Co., The, Div. of Miehle-Goss- 
Dexter, New York 1, N. Y 
*Mico  epscat ca Co., 
Mas 
National Automatic Tool Co., Ine. 
Richmond, Ind. (A) 
Pratt & Whitney Co., Inc., W. Hartford 
1, Conn. Cc) 
Sommer 
, Chicago 50, Ill 


DUPLICATORS 
eae George, Machine Co,, Racine, 


is. 
*Mico Instrument Co., Cambridge, Mass. 
— Industries, Inc., New Britain, 

onn. 
Turchan Follower Machine Co., Dear- 


born, Mich. 


ENGRAVERS 


Deakin, J. Arthur, & Son, Jamaica, N. Y. 
——— George, Machine Co., Racine, 


Green een Co., Inc., Cambridge 
39, 
Hermes Engravers Inc., New York, N. Y. 
*Mico Instrument Co., Cambridge, Mass. 
New Hermes Engraving M Corp., 
Inc., New York 3, N. Y. 
Pierce Wrap ing ” Machine Co., La- 
ag Park. i 
Preis ve = “engraving Machine Co., 
titliside 5 
Techninch Co. Boston 34, Mass. 
*Windsor, R. H.. Ltd., Chessington, Sur- 
rey, England 


GRINDERS 


. Grinders, Bench (Drill and Tap) 
. Grinders, Centerless 

. Grinders, Internal 

. Grinders, —- Hand 

. Grinders, S$ 

. Grinders, Universal and Tool 


*Buss Machine _— Holland, Mich. (E) 
yas 2 o., The, Niagara Falls, 


N. Y. (D) 
Chicago Wheel & Mfg. Co., Chicago 7, 


*Cincinnati Milling Machine Co., The, 
Cincinnati 9, Ohio (B, E, F) 
Curtis Machine Div., Jamestown, Nn. be 


*Davidson-Kennedy Co., Atlanta, Ga. A) 
DoAll Co., The, Des Plaines, Iil. 
*Dawding & Doll Ltd., London wit 
England (E) 
Engineering Laboratories, Inc., Pomptom 
Lakes, N. J. B 
*Gorton, George, Machine Co., Racine 


Wis (F) 
New Hermes Engraving Machine ie 
Inc., New York 3, N. Y. Aj 
Norton Co., Worcester 6, Mass. (E, F) 
Porter-Cable Machine Co., Syracuse 4, 


N. Y. 
Pratt & Whitney Co., Inc., W. Hartfo 
1, Conn, 
Royal Master, Inc., Riverdale, N. J. 
*Entoleter Div., Safety Industries, 
New Haven, Conn. 


LATHES 
(Turning, Boring, Etc.) 
Co., Toledo 6, Ohio 


Boice-Crane 
*Davidson-Kenned Co. a 18, 
*Dowding & Ltd., London Wit 


— 
Logan ing Co., Chicago 30, Ill 
Pratt es A Co., -» W. Hartford 

Rec -Prentic Div., omy Machinery 

, E. Longmeadow, M 


MILLING MACHINES 


Benchmaster Mfg. Co., ——, Calif, 
» B, C,D) 

*Cincinnati Milling Machine Co., The, 
Cincinnati 9, Ohio (A, C, D) 
*Davidson-Kennedy Co., Atlanta, Ga. (A) 
Deakin, J. Arthur, & "Son, Jamaica 32, 


N. Y. (C) 
*Dowding & Doll Ltd., London W)14, 
England (B) 
*Corton, George, Machine Co., re acine, 
A, C, D) 
Ketehpel Engineering Corp., W. Engle- 
wood, 
*Reed-Prentice Div., Package Machinery 
Co., E. Longmeadow, Mass.  (C,D) 


Sieburg Industries, Inc., New Britain, 
Conn. (D) 


PLANING AND SHAPING MACHINES 
a Corp., Hamilton, 
Ohi 


0) 
Boice-Crane Co., Toledo 6, Ohio 
*Buss Machine Works, Holland, Mich. 
— = Whitney Co., Inc., W. Hartford 
1, Conn. 


PROFILING MACHINES 
*Buss Machine Works, Holland, Mic! 
*Gorton, George, Machine 


Racine 

Wis. : , 

Hermes Engravers Inc., New York 3, 
N. Y 


Kindt-Collins Co., Cleveland 11, Ohio 
*Mico Instrument Co., Cambridge 58 


Mass. ; 

Pratt & Whitney Co., Inc., W. Hartford 
1, Conn. 

Sieburg Industries, Inc., 
Conn. 

Turchan Follower Machine Co., [ear 
born, Mich. 


ROUTING MACHINES 
*Gorton, George, Machine Co., }\\in¢, 


Wis. 
*Kramer, 3 W., Co., Inc., Richmond Hill 
18, N. 
New Scianhe ig Machine (orp. 
Inc., New York 3, N. Y. 
Porter-Cable Machine Co., Syracuse 4 


Risbonds, J. A., Co., Kalamazoo, J : 
*Royle, John & Sons, Paterson 3, \ 
*Standard Tool Co., Leominster, \!.s5 
Turchan Follower Machine Co., |e: 

born, Mich. 


, ”? 


New Britain, 
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ABRASIVE MATERIALS 


\rmour and Co., Coated Abrasives Div., 
Alliance, Ohio’ 
C arborundum Co., The, Niagara Falls, 


= 

Chicago Wheel & Mfg. Co., Chicago 
Ill. 

Composition Nt Co., Inc., New 


York 36 
Cratex Mfg. Co., Burlingame, Calif. 
Delta Chemical Works, Inc., New York 
Engis Equipment Co., Chicago 5, II. 
Hershey, Louis P., Co., 90, 
Hewitt, C. B., Brothers, New 
York 9, N. Y. 
*Kramer, H. W., Co., Richmond Hili 
18, N. Y. 
Lea Mfg. Co., The, Winey 20, Conn. 
Lord C hemical Corp., York, Pa. 
*xLupoline Automatic Polishing Equipment 
Corp., Tuckahoe, N. Y. 
Norton Co., Worcester 6, Mass. 
Pangborn Corp., Hagerstown, M Md. 
Pennsalt Chemicals Corp., Philadelphia 
) Pa. 
Puritan Mfg. Co., West Haven 16, Conn. 
* Raybestos-Manhattan, Inc Manheim, 9 
Scientific Abrasives, Highland Park, 
Sirotta, Bernard, Co., ~ Sees 31, N. y 
Starlite Industries, Ine , Philadelphia, Pa. 


lon Tape Corp.. New Rochelle, 
N 


ae N., Sons, Inc., New York 
1) ee 

*Tumb-L-Matic Inc., Stamford, Conn. 

United Laboratories Co., Linden, N. J. 

*United States Rubber Co., New York 
20, N. Y. 

Vapor Blast Mfg. Co., Milwaukee e: Wis. 

Wheelabrator Corp., Mishawaka, I 

Whittaker, Clark & Daniels, ih New 
York 13, N. Y. 

Wilco Co., Los Angeles 23, Calif. 


BAGS, MULTIWALL PAPER 


Bemis Bro. Bag Co., St. Louis 2, Mo. 

Chase Bag Co., New York 17, N. Y. 

Continental Can Co., Shellmar-Betner 
Div., Mt. Vernon, Ohio 


Crown Zellerbach Corp., San Francisco, 


Calif. 


ca Paper Bag Co., Long Island 
rity, N. Y. 


National Container Corp., N. Y., N. Y. 


Olin Mathieson Chemical Cin. Forest 
Products Div., W. Monroe, La 


+Owens-Ilinois Glass Co., Multiwall Bag 
Div., Toledo, Ohio 


St. Regis Paper Co., New York, N. Y. 


BAGS, VACUUM AND PRESSURE 


Blossom Mfg. Co.,. New York 1, N. Y. 


Chemical Coatings & Engineerin 
Inc., Media, Pe . 


( outings Can Co., Inc., Shellmar-Bet 
ner Div., Mt. Vernon, Ohio 


Printon Ca, New York 10, N. Y. 
Seder Plastic Corp., Fort Collins, Colo. 


SELTS, BANDS AND SPECIALTIES, 
ABRASIVE 


( a Co., The, Niagara Falls, 


* \ndicates Advertiser 


BELTS, STAINLESS STEEL 
Metalsmiths, Orange, N. J. 


BOXES, CORRUGATED AND 
SOLID FIBRE 


Continental Can Co., ~Y tom 17, N. Y. 
Centinental Can Co., Ilmar-Bet- 
ner Div., Mt. Vernon, oe 
sie oe Container Corp., Minneapolis 22, 
inn. 
Fort Wayne Corrugated Paper Co., Fort 


Lindenhurst, Long Island, N. Y. 
Hankins Container Co., The, Cleveland 


11, Ohio 
Hinde and Dauch Div., West Virginia 
i & Paper Co., Sandusky, Ohio 
— Container Corp., Indianapolis 6 
nd, 
National Container ., Subsidiary of 
Owens-Illinois Glass Co., Toledo, Ohio 
* National Vulcanized Fibre Co., Wilming- 


ton 99, Del. 
Ohio Boxboard Co., The, Rittman, Ohio 


River Raisin Paper. Co., Monroe, Mich. 

St. Regis he ch, Panelyte Div., New 
York 17, 

bag ae 8 Inc., New York 14, 


N. 
U. Ae Corrugated-Fibre Box Co., The, 
Indianapolis 7, Ind. 


BOXES, TOTE 


Aacon Industries, Inc., Brooklyn 24, N. Y. 


Apex Reinforced Plastics Div., White 
a Machine Corp., Clev eland 13, 


io 
aie ag nea & Chemical Co., Detroit 
, Mich. 
Chemtron Fiber Glass Co., El Monte, 
Calif. 
Chicago Molded Products Corp., Clover- 
lane Div., Chicago, Ill. 
Consolidated Plastics & Mfg. Co., Chi- 
cago 10, Ill. 
Continental Can Co., Inc., Shellmar-Bet- 
ner Div., Mt. Vernon, Ohio 
Convoy, in. Canton 6, Ohio 
Dura Plastics of New York, New York 
Endicott-Seymour of Ann Arbor, Ann 
Arbor, Mich. 
ee Products Corp., Rochester 20, 


Pao Container, Div. of Crown Zeller- 
bach Corp., St. Louis 2, Mo. 


Hankins Container Co., The, Cleveland 
1l, Ohio 


Harkin Affiliates, Inc., New York 16, N. Y. 
Hinde and Dauch Div., West Virginia 
Pulp & Paper Co., Sandusky, Ohio 
*National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 
Parkway Plastics, Inc., New Market, N. J. 
Somerset Industrial Designs, Inc., Som- 
erville, N. J. 
Tote System, Inc., Beatrice, Neb. 
Tri-Wall Containers, Inc., New York 
*United States Rubber Co., New York 
20, N. Y. 
*Waterbury Companies, Inc., Waterbury 
21, Conn. 


BUFFING AND POLISHING 
COMPOUNDS 


Acme Scientific Co., Chicago 7, Ill. 
*Cadillac Plastic & Chemi cot Detroit 


3, Mich. 
Ce he Falls, os ¥. 
erials, a 


Gneenen O Co., 
Composition Mat 
Engis Equipment Co., Chiceno t 5, Ti 
Harrison & Co., Inc., ” Haverhill, Mass. 
Hershey, Louis P., Co., Chicago 90, Ill. 
Industrial & Domestic Silicone Distrib- 
utor, Reseda, Calif. 
*Kramer, H. W., Co., Inc., Richmond Hill 
18, N. Y. 
Lea Mig. Co., The, Waterbury 20, Conn. 
Lord Chemical Corp., York, Pa. 
— Automatic Ee Equipment 
Tuckahoe, N 
Micron Specialties ‘ce. % hicago, Ii. 
weagewieete Refining Co., Cleveland 4, 
io 
Puritan Mfg. Co., West Haven 16, Conn. 
Rogers, William R., Inc., Beverly, Mass. 
Scientific Abrasives, Highland Park, Ill. 
— Rudolph R., Co., Rochester 4, 


at Bane, Co., Brooklyn 31, N. Y. 
United Laboratories Co., Linden, N. J. 
Wilco Co., Los Angeles 23, Calif. 


CLAMPS 


Detroit Stamping Co., Detroit, Mich. 
Injection Molders Supply Co., ‘Cleveland, 


Ohio 
Lapeer Mfg. Co., Detroit 2, Mich. 


Lodding, Inc., Worcester 1, Mass. 

Lunn Laminates, Inc., Huntington Sta- 
tion, Long Island, N. Y. 

Maimin, H., Co., Inc., New York 18, N. Y. 

Murray Corp., Towson 4, Md. 

Servwell Products Co., Cleveland 3, Ohio 

Tinnerman Products, Cleveland, Ohio 


COMPOUNDS, MOLD CLEANING 


Brulin & Co., Inc., Indianapolis 7, Ind. 
Composition Materials, N. Y., N. Y. 
Delta Chemical Works, Inc., N. Y., N. Y. 
*Devcon Corp., Danvers, Mass. 
Garan Chemical Corp., Gardena, Calif. 
xIsochem Resins Corp., Providence, R. I. 
Kenwood Plastics, Washington 16, D. C. 
Lami-Plast Products Co., Tampa 3, Fla. 
Oakite Products, Inc., New York 6, N. Y. 
Pennsylvania Refining Co., Cleveland 4, 
Ohio 
Puritan Mfg. Co., West Haven, Conn. 
Sirotta, Bernard, Co., Brooklyn 31, N. Y. 
Synthetic Products, Cleveland, Ohio 
, Wye Industries, Boston 27, Mass. 


COMPOUNDS PIPE JOINT 


American Hard Rubber Co. Div. of Amer- 
ace Corp., Butler, N. J. 


Chemical Development Corp., Danvers, 
. Mass. 


*Chemical Products Corp., E. Providence 
14, R. L 
Crane Packing Co., Morton Grove, Ill. 
Delta Chemical Works, Inc., N. Y., N. Y. 


Haynes, C. W., Laboratories, Inc., Spring- 
eld, Mass. 
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Industrial Plastic Fabricators, Inc., Nor- 
wood, Mass. 

Lake Chemical Co., Chicago 12, IIL. 

Parcloid Chemical Co., Midland Park, 


N. J. 

Parker Seal Co., Div. of Parker-Hannifin 
Corp., Cleveland 12, Ohio 

nd ds Chemical Products Co., Ann 
Arbor, Mich. 

Smooth-On Mfg. Co., Jersey City 4, N. J. 


COMPOUNDS, PURGING 


Amco Plastic Materials, Brookl 
*American Molding Powder & C 
Corp., Brooklyn 6, N. Y. 
Delta Chemical Works, Inc., New tas 
*Gering Products, Inc Kenilworth, N. J. 
*Injection Molders Supply Co., Cleveland 

20, Ohio at 





N. Y. 
mical 


%Isochem Resins Corp., Providence 
rs Inc. ag Ae Conn. 
*Plastic Molders Supply Co. Co., Inc., Fan- 


*Reed Plantica’ Corp., Worcester, Mass. 
Scientific Abrasives, Highland "Park, Ill. 
Shuman, a Foe, & Sons, Buffalo 6, N. Y. 
Wasco Products, Cambrid , Mass. 

Wye Industries, Boston 27, Mass. 


CUT-OFF WHEELS 


Allison-Campbell Div., American Chain 
& Cable Co., Inc., Bridgeport 2, Conn. 
Norton Co., Worcester 6, Mass. 
*Raybestos-Manhattan, Inc., Manheim, Pa. 
Sandstrom, J. G., Grinding Wheel Co., 
Springfield 4, Mass. 


DECALCOMANIA 


Aacon Industries, Inc., Brooklyn 24, N. Y. 

Criterion Decalcomania Co., Inc., New 
York 17, N. Y. 

Dennison Mfg. Co., Framingham, Mass. 

Goodren Products Corp., Eng lewood, N. J. 

Meyercord Co., The, Chicago 44, Ill. 

Midwest Decal. Chicago 5, Ill. 

Thomas, Charles W., P lelphia 35, Pa. 

Topflight Corp., York, Pa. 


DRUMS, SHIPPING 


A. Non-metal 
B. Metal 


Aluminum Company of America, Pitts- 
burgh 19, Pa. 
Chemtron Fiber Glass Co., El Monte 
Calif. (A 
Continental Can Co., New York 17, aN x 
Greif Brothers Cooperage os ™ The 
Lindenhurst, Long Island, N. Y. (A, B} 
*Microcell, Ltd., London, England (A) 
Plax Corp., Hartford 1, Conn. A 
*United States Rubber Co Co., New York 
20, N. Y. (A) 
ELECTRODES, HIGH 
FREQUENCY HEAT SEALING 
Allied Engravers, Inc., New York, N. Y. 
Barr Corp., The, Richmond Hill, N. Y. 
Callanan, J. A., Co., Chicago 6, IIl. 
Industron Corp., Newton 61, Mass. 
*Mayflower om Devices, Inc., Lit- 


tle Ferry, N. J. 
— A. W., & Sons Co., New York, 


FASTENING DEVICES 
(See also Screws) 


Aluminum Company of America, Pitts- 


burgh 19, Pa. 
a eee Molding Co., Inc., Addison, 
Ill. 


* Indicates Advertiser 


Brush Nail Expansion Bolt Co., Green- 
wich, Conn. 

Central Screw Co., Chicago 9, Ill. 

Flexigrip, Inc., New York 21, N.Y. 

Gries, Reproducer Corp., New Rochelle, 


Howl it John, Inc., Westbury, Long Is- 

an 

Phelps. Mig. Co., —_ Westport, 

Precise Instruments Parts Co., Clendale 
4, Calif. 

Tinnerman 

Tru-Seal Div., 
rose Park, 


FLEXIBLE MATERIALS FOR MOLDS 


Axel Plastics Research Laboratories, 
Brooklyn, N.Y. 
Boruski, F, Jr., New York 
sn ae Products Corp., E. Providence, 
R. 

Dennis Chemical Co., St. Louis 3, Mo. 
*General Tire & Rubber Co.’s Bolta Prod- 
ucts Div., The, Lawrence, Mass. 
*xIsochem Resins Corp., Provi 9,R. 1 

L & P Tool Co., Cincinnati 25, Ohio 
Molded Products, Los Angeles 25, Calif. 
Ren P Inc., g, Mich. 
*Reynolds mical Products Co., Ann 
Arbor, Mich. 
Smooth-On Mfg. Co., Jersey City 4, N.J. 
Technicraft Co., Boston 34, Mass. 


Cleveland, Ohio 
-Reedy Corp., Mel- 


HINGES, SPECIALTY METAL 


HOSE AND TUBING 
(Flexible Metal) 


Crucible Steel rene of America, 
Pittsburgh 30, 

Flexaust Co., New rYork 17, N.Y. 

— Metal Hose, Inc., Mt. Vernon, 


a Service Co., ae a 6, N.C. 
*United States Rubber Co., . N. Y. 


INKS 
(For Printing Plastics) 


*Acromark Co., The, ae. N. 
Alden & Ott Printing Inks >. 


18, Tl. 
*Apex, Machine Co., College Point 56, 


Bee, Chemica! Co., Logo Div., Chicago 
Bensing Brothers & Deeney, Subsidiary 
%, sy Chemical Corp., Philadelphia 
‘a 
*Chemical Products Corp., E. Providence 
*Claremont Pigment Dispersion Corp., 
Roslyn a N.Y. 
Crescent & Color Se of Phila- 
ee © "Philadel 
Delta Chem 


hia, P: 
cal. Works oe New York 
Entwistle Mig. Cp ‘Come ye te 5, RAL 


rm How .» Detroit, Mich. 
Printing ak’ x, Div. Sun 
oo Corp., New York 17, N.Y. 
Interchemical Corp., Printing Ink Div., 
New York, N. Y. 
xIrvin, Jewell & Vinson, Dayton, Ohio 
*Isochem Resins Providence 9, R. I. 
Krieger Color & Chemical Co., Inc., Los 
Angeles 38, Calif. 
L & P Tool Co., Cincinnati 25, Ohio 
Markem Machine Co., Keene 20, N.H. 
Matthews, Jas. H., & Co., Pittsburgh, Pa. 
*Minnesota Mining & Mfg. Co., Jersey 
City Chemical Div., Jersey City 3, N.J. 
— Homer W., & Co., Chicago 


Sander, Monroe Corp., The, Long Island 
City 1, N.Y. 

Schwartz Chemical Co., N. Y., N. Y. 

Screen-O-Printer Mfg. Co., Adams, Mass. 


*Stanley Chemical Co., E. Berlin, Co 
Triangle Ink & Color Co., New Yor 


N.Y. 
“a pas Ink Co., Long Islan 


Vane Col Galore, Biting 1 N. ink Go, 
Island Gin N Long 


INSERTS 


Aacon Industries, Inc., Brooklyn 24, Ny 
Groov-Pin Corp., Ridgefield, Ny. 
a Plastic Fittings Co., Cleveland 


Phelps Mfg. Co., The, W rt, Conn, 
Precise Instrument Parts > Glendale 


4, Calif, 
Ross, Milton, Metals Co., The, South. 
ampton, Pa. 


JOINTS 
(Flexible-Ball, Pipe, Swivel, 
ered 


Barco Mfg. Co., on, Ill. 
Chiksan Co., ora age of Food Ma 
chinery & Chemical Corp., Brea, Calif, 
Perfecting Service Co., Ginette 6, N.C. 
—s Engineering Co., Inc., Chicago 


KNIVES 
(For Granulators and Cutters) 


Abbe gan gd Co., New York 7, NY, 
Ball & Jewell Brookl 
Eastman Mochine’ €o., Bufta 
— ~— Co., oy Cincinnati 33, Ohi 
prout, aldron Inc., Muncy, Pa. 
*Taylor-Stiles & Co., Riegelsville, N,J. 


LABELS, PRESSURE SENSITIVE 
(Self-Adhesive, For Plastics) 


Aacon Industries, Inc., Brooklyn 24, N.Y. 

Archer Label Co., Los Angeles, Calif. 

Sot Rapes Label Corp., Monrovia, 
‘a 

Brady, W. H., Co., Milwaukee 9, Wis. 

Bro-Dart Industries, Newark 5, N.J. 

> = » Co. Inc, San Brun, 


Dennison Mfg. Co., mp Ballevi Mass. 
| send Ready ae Corp., Belleville, NJ. 
Fasson Products, Painesville, O 
Hollander, Allen, Co., Inc., New York 
*Hopp Plastics, New York 2 NY. 
Kleen-Stik Products, Inc., Chicago, Ill. 
— Tape Co., Inc., Rochester 9, 


Midwcst Decal, Chicago 5, Ill 
Permacel-LePage’s, Inc., New Brunswick, 


N.J. 
New = 10, N.Y. 


Printon Corp., 
Sprout, Waldron & Co., Inc., Muncy, Pa. 


Standard Coated. Products, Inc., Bu- 


chanan, N 
~-oy oe W., Philadelphia 35, Pa. 
Philadelphia 


*Tompkias Label Service, 
34, Pa. 
Topflight Corp., York, Pa. 
U. S. Radium Corp., Morristown, N.J. 


LAMPS, INFRARED 
(See also Drying Equipment) 
Cleveland Process Corp., Cleveland 3, 
Ohio 


Entoleter Div., Safety Industries, Inc. 
New Haven, Conn. 


*Fostoria Pressed Steel Corp., Fostoria, 
Ohio 


General Electric Co., Lamp Div., Cleve 
land, Ohio 

Miskella Infra-Red Co., Cleveland, Ohio 

N.J. Thermex Co., Inc., Harrison, N.J. 


on mm 


* 
—_ 


z= | ww wi wes wo 


North American Electric Lamp Co., St. 
Louis 6, Mo. 


MASKING PAPER AND TAPE 


Brady, W. H., Co., Milwaukee 9, Wis. 
Chemical Development Corp., Danvers, 
Mass. 
ous Products, Painesville, Ohio 
*Johns-Manville, New York. 16, N.Y. 
Permacel-LePage’s, Inc., New B: 


N.]. 
Ra W., & Co., New Rochelle, N.Y. 
Servwell Products Co., Cleveland 3, 
Ohio 
Technical Tape Corp., New Rochelle, 


N.Y. 

Teitelbaum, N., Sons, Inc., New York 51, 
N.Y. 

Topflight Corp., York, Pa. 


MATERIAL FOR HOBS AND MOLDS 
(Steel, Beryllium, etc.) 


Allegheny Ludlum Steel Corp., Pitts- 
burgh 22, Pa. 
Cadillac Plastic & Chemical Co., De- 
troit 3, Mich. 
*Devcon Corp., Danvers, Mass. 
Vanadium-Alloys Steel Co., Latrobe, Pa. 


MATERIAL HANDLING EQUIPMENT 
(Except Expendable) 


Disogrin Industries, Inc., Mt. Vernon, 
NY 


N.Y. 
Hamilton Tool Co., Hamilton, Ohio 
Richardson Scale Co., Clifton, N.J. 
Spencer Turbine Co., The, Hartford 6, 
Conn. 
Tote System, Inc., Beatrice, Neb. 


MOLD RELEASE AGENTS 
(Mold Lubricants) 


*Advance Solvents & Chemical, Div. of 
Carlisle Chemical Works, Inc., New 
Brunswick, N.J. 

Axel Plastics Research Laboratories, 
Brooklyn, N.Y. 

Baker Castor Oil Co., The, Bayonne, N.J. 

Bee a Co., Logo Div., Chicago 
33, Ill. 

Brulin & Co., Ine., Indianapolis 7, Ind. 

*Chemical Development Corp., Danvers, 
Mass. 

Chemical Industries, Unit of E. F. Van 
Winkle Co., Pasadena, Calif. 
*Chemical Products Corp., E. Providence 
14, RI. 

var a Fiber Glass Co., El Monte, 
vault, 

Dennis Chemical Co., St. Louis 3, Ohio 

*Devcon Corp., Danvers, Mass. 

Dow Corning Corp., Midland, Mich. 

*du Pont de Nemours, E. IL. & Co., Inc., 
Wilmington 98, Del. 

Ellen Products, Haverstraw, N.Y. 
Emerson & Cuming, Inc., Canton, Mass. 
Flexcraft Industries, Newark 5, N.J. 

*Ferro Corp., Color Div., Cleveland, Ohio 

Garan Chemical Corp., Gardena, Calif. 
—— Standard Chemical Co., Akron 
av, nlo 
Houghton, E. F., & Co., Phila., Pa. 
Industrial & Domestic Silicone Distrib- 
utor, Reseda, Calif. 

“Injection Molders Supply Co., Cleveland 
2 io 

*Isochem Resins Corp., Providence 9, R. I. 

Johnson, S. C., & Son, Inc., Racine, Wis. 

Kenwood Plastics, Washington 16, D.C. 

Kindt-Collins Co., Cleveland 11, Ohio 

Koppers Co., Chemicals & Dyestuffs 
Pittsburgh, Pa. 

Lami-Plast Products Co., Tampa 3, Fla. 

Lawrence Adhesive & Chemical Co., 
Inc., Lawrence, Mass. 


* Indicates Advertiser 


” 


Lunn Laminates, Inc., Huntington Sta- 
tion, Long Island, N.Y. 

eo t Chemical Works, St. Louis 

, Mo. 

Merix Chemical Co., Chicago 15, IIl. 
Moldrite Products Co., Providence 6, R.L 
National Aluminate Corp., Chicago, IIL 
Oakite Products, Inc., New York 6, N.Y. 
Optics Mfg. Corp., Philadelphia, Pa. 
Pennsylvania Refining Co., Cleveland 4, 


Ohio 
*Plastic 3 a Supply Co., Inc., Fan- 


wood, N.J. 

*Polyplastex United, Inc., Union, N.J. 
Price-Driscoll Corp., Rockville Centre, 
* Long Island, N.Y. 

Ren Plastics, Inc., Lansing, Mich. 
Research Sales, Inc., Mahwah, N.J. 
i Chemical Co., New York 23, 
Scientific Abrasives, Highland Park, IIl. 
Smooth-On Mfg. Co., Jersey City 4, N.J. 
Specialty Products Co., Jersey City, N.J. 
Spirits, Lynbrook, Long Island, N.Y. 
Stanley Chemical Co., E. Berlin, Conn. 
sat og Products Co., Cleveland 12, 
Ohio 
Thoreson-McCosh, Inc., Detroit, Mich. 
Union Carbide Chemicals Co., Div. of 
Union Carbide Corp., New York 17, 
N.Y 


Union Carbide Corp., Silicones Div., 
New York 17, N.Y. 

Union Oil Company of California, Los 
Angeles 54, Calif. 

Wye Industries, Boston 27, Mass. 


OIL, HEAT TRANSFER AND 
HYDRAULIC 


Chemical Industries, Unit of E. F. Van 
Winkle Co., Pasadena, Calif. 

Dow Corning Corp., Midland, Mich. 

er E. F., & Co., Philadelphia 33, 

a. 
Pesyeaate Refining Co., Cleveland 4, 
io 

Union Carbide Chemicals Co., Div. of 
Union Carbide Corp., N. Y., N. Y. 

Union Carbide Corp., Silicones Div., 
New York 17, N.Y. 

Wye Industries, Boston 27, Mass. 


PACKING, HYDRAULIC 


Crane Packing Co., Morton Grove, IIL. 
Disogrin Industries, Inc., Mt. Vernon, 
N.Y 


ation, E. F., & Co., Philadelphia 33, 
a. 
*Johns-Manville, New York 6, N.Y. 
L & P Tool Co., Cincinnati 25, Ohio 
*M & N Modern Hydraulic Press, Clif- 
ton, N.J. 
Parker Seal Co., Div. of Parker-Hanni- 
fin Corp., Cleveland 12, Ohio. 
*Raybestos-Manhattan, Inc., Manheim, Pa. 
*United States Gasket Co., Camden 1, N.J. 
a i States Rubber Co., New York 20, 


PARTICLE BOARD 
Weyerhaeuser Sales Co., St. Paul 1, 


Minn. 
Wynnewood Products Co., Jacksonville, 


Texas 


PARTITIONS, PACKAGING 


Acme Partition Co., Newark, N.J. 

Gaylord Container Corp., Div. of Crown 
Zellerbach Corp., St. Louis 2, Mo. 

Hankins Container Co., The, Cleveland 
11, Ohio 

*Microcell, Ltd., London, England 
Peter Partition Corp., Brooklyn 1, N.Y. 
River Raisin Paper Co., Monroe, Mich. 


RELEASE PAPERS 
*Chemical Development Corp., Danvers, 


Mass. 
Daubert Chemical Co., Chicago, Ill. 
Fasson Products, Painesville, Ohio 
Mosinee Paper Mills Co., Mosinee, Wis. 
Paterson Parchment Paper Co., Bristol, 


Pa. 
Printon Corp., New York 10, N.Y. 
Rhinelander Paper Co., Rhinelander, Wis. 
Riegel Paper Corp., New York 16, N.Y. 
St. Regis Paper Co., Panelyte Div., New 
York 17, N. Y. 


ROLL LEAF 
(Stamping Foil) 


*Acromark Co., The, Elizabeth, N.J. 
*Admiral Coated Products, Inc., Brook- 
lyn 31, N.Y. 
All Purpose Roll Leaf Corp., Paramus, 


N.J. 
a Machine Co., College Point 56, 


Durby Laboratories, Inc., Westwood, N.J. 
*General Roll Leaf Mfg. Co., Elmhurst, 
N.Y 


Grauert, Ralph W., Inc., New York 38, 
N.Y 


Hastings & Co., Inc., Philadelphia 1, Pa. 
*Olsenmark Corp., New York 13, N.Y. 
*Peerless Roll Leaf Co., Inc., Union City, 

N.J. 


ROLLERS, FOR ROLLER COATING 
ae * Machine Co., College Point 56, 


Axel Plastics Research Laboratories, 
Brooklyn, N.Y. 
*Cylinder Mfg. Co., Hawthorne, N.J. 
*Finish Engineering Co., Inc., Erie, Pa. 
International Engraving Corp., Cedar 
Grove, N.J. 
*Roehlen Engraving Works, Inc., Roch- 
ester 5, N.Y. 
Shannon, Alexander J., Co., The, New 
York 38, N.Y. 
Stowe-Woodward, Inc., 
Mass. 


Newton 64, 


SAW BLADES 


Deluxe Saw & Tool Co., Louisville 2, Ky. 
*Forrest Mfg. Co., Inc., Rutherford, N.J. 
Lemmon & Snoap, Grand Rapids 4, Mich. 
Meyers, W. F., Co., Bedford, Ind. 
Porter-Cable Machine Co., Syracuse 4, 


N.Y. 
Starlite Industries Inc., Philadelphia 39, 
Pa. 


SCREWS 
(Drive, Thread Cutting, Thread 
Forming) 


Aluminum Company of America, Pitts- 
burgh 19, Pa. 
Armaturen-u. Maschinenfabrik, Lohmar, 
W. Germany 
Central Screw Co., Chicago 9, Il. 
Hassall, John, Inc., Westbury, Long Is- 
land, N.Y. 
*Johnson Manufacturing Co., Chippewa, 


is. 

Parker-Kalon Div., General American 
Transportation Corp., Clifton, N.J. 

Southern Screw Co., Statesville, N.C. 


SCREWS, EXTRUDER 


Aluminum Company of America, Pitts- 
burgh 19, Pa. 

*Davis-Standard Div., Franklin Research 
Corp., Mystic, Conn. 

Electrophysical Engineering Co., Div. of 
National Automotive Fibres, Inc., 
Orange, Calif. 

*Killion Tool & Mfg. Co., Verona, N.J. 
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SPRAY MASKS 


ax Presform Mold Co., 
Falls, Ohio 
Amkurt Associates Engineers, New York, 
N.Y. 
Clear View Plastics Corp., Poplar Bluff, 
Miss. 
*Conforming Matrix Corp., Toledo, Ohio 
*Fiore, William M., Inc., Brooklyn, N.Y. 
*Finish Engineering Co., Erie, Pa. 
a L. aboratories, Inc., Olean, N.Y. 
Jay, T. V., Co., Chicago, ul. 
Kaye Plastics Corp., New Brunswick, N.J. 
Matthews, Jas. W., "& Co., Pittsburgh, Pa, 
Molded Products, Div. of Tdmiral Corp., 
W. Chicago, Ill. 
Paragon Plastic Corp., New York, = 
Planet Plating Co., Inc., Brooklyn, N : ¥. 
Premier Plastics Co., Milwaukee, Wis. 
Reinhardt Plastics Co., Denver, Colo. 
Ren Plastics, Inc., Lansing, Mich. 
Servwell Products Co., The, Cleveland, 
Ohio 
Staff Die Cutting, Co., 
*Thierica Studio, 
Mich. 
Timely Products Mfg. Co., 
Iowa 
Topflight Corp., York, Pa. 
W & A Co., Inc., Attleboro, Mass. 


SPRAY PAINTING FIXTURES 


Arnkurt Associate Engineers, New York 
16, N.Y. 
Binks Mfg. Co., Chicago 12, II. 
*Chemical Development Corp., Danvers, 
Mass. 
*Finish Engineering Co., 


Cuyahoga 


New York, N. Y. 
Inc., Grand Rapids, 


Des Moines, 


Inc., Erie, Pa. 


Sepanski and Associates, Grand Rapids, 


Mich. 


Thierica Studio, Inc., Grand Rapids, 


Mich. 


TAPS 
Hy-Pro Tool Co., New Bedford, Mass. 


% Indicates Advertiser 


TOOLS, CARBIDE TIPPED 
Allegheny Ludlum Steel Corp., Pitts- 


burgh 


, re 
Deakin, J. Arthur, & Son, Jamaica 32, 
N.Y. 


*Forrest Mfg. Co., Inc., Rutherford, BY, 
*Kramer, H. W., Co., Inc., Richmond 


Hills 18, N.Y. 
Ohio Knife Co., The, Cincinnati 23, Ohio 
Starlite Industries, Inc., Philadelphia 39, 
Pa. 


TUBES, H. F. ELECTRONIC 


Deluxe Saw & Tool Co., Louisville 2, Ky. 
Industron Corp., Newton 61, Mass. 


TUMBLING MEDIA 
(Pegs and Compounds) 


*Chemical Products Corp., E. Providence 
14, RI. 
Composition Materials Co., Inc., New 
York 36, N.Y. 
*Kramer, H. W., Co., Inc., Richmond, 
Hils 18, N.Y. 
Lord Chemical Corp., York, Pa. 
*Lupoline Automatic Polishing Equipment 
Corp., Tuckahoe, N. Y. 
Norton Co., Worcester 6, Mass. 
Puritan Mfg. Co., West Haven 16, Conn. 
Scientific Abrasives, Highland Park, IIl. 
Servwell Products Co., Cleveland 3, Ohio 
ss Rudolph R., Co., Rochester 4, 


a Bernard, Co., Brooklyn 31, N.Y. 
Tumble-Buff Laboratories, Inc., Jamaica 
33, N.Y. 
*Tumb-L- Matic, Inc., Stamford, Conn. 
United Laboratories Co., Linden, N.J. 
Wye Industries, Boston 37, Mass. 


TUNGSTEN WIRE & COILS 


Bergen Wire Rope Co., Lodi “. 
Cleveland Tungsten, Inc., Cleveland 5, 


Ohio 
*General Electric Co., we Wire and 
Phosphors Dept., Cleve land, Ohio 
Micro-Wire Stranding Co., Passaic, N.J. 


*Sylvania Electric Products, Inc., Ch 
ag and Metallurgical Div., Towands 
‘a 


Westinghouse Electric Corp., Lamp Diy, 
Bloomfield, N.J. 


VALVES 


A. Diaphragm 
B. Fittings, Hydraulic 
C. Fittings, Pneumatic 


Airmatic Valve, Inc., Cleveland 4, Ohi 


(A, C 
American Hard Rubber Co., Div. ¢ 
Amerace Corporation, Butler, \V J. 


——= Molding Co., Inc., 
Ii. (A) 
*Clifton Hydraulic Press Co., Clifton, NJ, 


(B, 
ae Industries, Inc., Mt. Venag 
pie ( 
*Dunning & Boschert Press Co., tn 
Syracuse 2, N.Y. 
Electro-Tech Equipment Co., New York 
13, N.Y. (A, B) 
Hannifin Co., Div. of Parker-Hannify 
Corp., Des Plaines, Ill. 
Ketchpel Engineering Corp., W 
wood, N. 
Leslie Co., Lyndhurst, N.J. (A) 
North American Mfg. Co., The, Cleve 
land, Ohio 
Parker Fittings & Hose Div., Parker 
Hannifin Corp., Cleveland 12, on 
(B 
aie ay Regulator Co., The, Skokie 34 


(A) 
*Sinclair-Collins Valve Co., Akron, a 
*Taylor Instrument Companies, a 


ter 1, N.Y. ; 
™ Turns Plastics, Inc., Louisville 11, 7 


Engle 


WIPE-IN PAINTS 


Keeler & Long, Inc., Waterbury, Conn. _ 
Lake Chemical Co., Chicago 12, II! 








SPECIALIZED SERVICES 








APPLIED DECORATIONS ON PLASTIC 


. Dyeing 
. Engraving 
Etching 
. Flocking 
Gold Leaf Stamping 
Marking 
. Metal Inlaying 
. Silk Screening 
Spraying 
Aacon oe Inc., Brooklyn, N.Y. 
B, C, D, E, F< G, H, 1) 
Accurate Gold Stamping Co., Inc., New 
York, N.Y. 
*xAce Plastic Co., Jamaica, N.Y. (E) 
{cme Laminating & Plastic Co., Detroit, 
Mich. (E, F, H, 1) 
Acor Plasticover Co., Inc., New York, 
N.Y (E) 


SOS 


—— AT 
on pe EE 


. rcoouil Co., The, Elizabeth, N.J. 
> C, E, F) 
All Plastics Corp., Avon by the Sea, N.J. 


_H 
Allied Engravers Inc., New York, Ny 


B) 
Allied Engraving & Stamping Co., Buf- 
falo, N.Y. (B, E, F) 
Allied Plastics Supply Corp., New Lg 
N.  F > > tJ > 
Allied Plasti-Lite Enterprises, Inc., St. 
Louis, Mo. (B, E, H) 
American Hard Rubber Co., Div. of 
Amerace Corp., Butler, N.J. (E, F) 
Ameriplastic Co., The, Flint, Mich. 
(B, E, F, H, 1) 
*Amos Molded Plastics Div., Amos- 
Thompson Corp., “oon > “Ind. 


(E, F, H, 1) 
Amston Plastic Engineering Corp., Am- 
ston, Conn. (B) 


Aquador Plastics, Inc., Brooklyn, N.Y. (E) 
Art Decorating Co., Inc., N. Bergen, NE 


F, 
Art Plastics Mfg. Co., Los Angeles, a 
{rtmor Plastics Corp., Cumberland, Md. 
BE 
Atlantic Plastics, Inc., Stamford, Conn. 


Atlas Plastics, Inc., Little Ferry, N.J. 


E, H, I) 
Augusta Plastics, Inc., Bronx, oo (E) 


Avsco, Inc., Excelsior Springs, 
DEF, H, 1) 


( 
*Barron, J. E., Plastics, * "Cincinnati 
Ohio ware 
Becwar Mfg. Corp., Addison, Ill. 
, G) 


Bedford Products, Inc., incense Va. () 
Ber-Design Associates, Irvington, N.J. (I) 
Bernard Plastics Molding Corp., Lon 
Island City, N.Y. (E 
Berton Plastics, Inc., New York, N.Y. 


E, H) 
*Blackhewt Molding Co., Inc., Addison, 
il. (E 


Bonwitt, Dr. G. L., New York, N.Y. 
(A, D, E) 

*Boonton Molding Co., Boonton, N.J. 
(E, a 
Borkland Laboratories, Marion, Ind. 


Bricmar Mfg. Corp., New York, N.Y. 


- , E, H, I) 
* Indicates Advertiser 


Brilhart Plastics Corp., Mineola, - 

E, F 
Bro-Dart Industries, Newark, N.]. (H) 
Brutier Products Co., Inc., Secaucus, Wit 


*Byrd Plastics, Inc., Erie, Pa. (E, H) 
*Cadillac Plastic & Chemical Co., Detroit, 
Mich. B, E, H) 

Campro Co., The, oon Ohio 
D, E, F, G, H, D 


‘ Carolina Plastics Pn * alee” N.C. 


(B. 
*Carroll, J. B., Co., Chicago, iil. 

(C, E, F, H) 

Cary Products Co., The, Dallas, Texas 
(B, D, E, F, H, D) 
Century Plastic Co., Fitchburg, Mass. (I) 
Chanal Plastics Corp., Rego a rah 
ee Plastic Molding Ps ‘Denver, 


B, E 
Chatelain Plastics, Findlay, Ohio (B, E, 5 
~ Price Tag Mfg. Co., ae. 


. (F,H 
Claremould Plastics Co., Newark, ei ; 
_F 
we « View Plastics Corp., Poplar =s 
oO. 9 Ey 
Colorvision Plastics, Inc., Boston, Mass. 
(B, H, 1) 
Colt’s Plastics Co., Inc., N. Grosvenor- 
dale, Conn. (E, H) 
Colvin-Friedman Co. , Springfield, N.J. (E) 
Commonwealth Plastics ., Leomin- 
ster, Mass (A, E, I) 
*Como P Plastics, Inc., Columbus, Ind. 
(E, F, G, H, I) 
Conn-Craft Co., Waterbury, Conn. (B, E) 
Conneaut Rubber & Plastics Co., The 
Conneaut, Ohio (B, GC} 
*Connecticut Plastic Products Co., Inc., 
Waterbury, Conn. 
(A, B, C, D, E, F, G, H) 
*Consolidated Plastics & Mfg. Co., Chi- 
cago, Ill. (B, D, E, H, 1) 
*Continental-Diamond Fibre Corp., New- 
ark, Del. (B, E) 
Cooke Color & Chemical Co., Hack- 
ettown, N.J. (A) 


Couroc of Monterey, Monetrey, 


Calif. 
(G) 
Cowan Boyden Corp., Providence, R.I. 


(E, H) 

Cox Plastics Corp., Buffalo, N.Y. (E) 

Crook, William A., Co., Inc., Watertown, 

Mass. (B, E) 
Cruver Mfg. Co., Chicago, IIL. 


(B, E, F, H, 1) 
Curbell, Inc., Buffalo, N.Y. (B, E, H, 1) 


Curry Arts Molding & Lininating Co. 
Scranton, Pa. (E} 
D & G Plastics Co., Kent, Ohio (E, 


*Danielson Mfg. Co., The, Danielson, 
Conn. (A) 


Darnell Mfg. Co., Orange, Va. (E) 
*Davies, Harry, Molding Co., Gane, . 


> 


Dec-Art Process Co., Inc., Bronx, os 


(E, H, I) 
Dilley Mfg. Co., The, Cleveland, “Ohio 


Double D Plastics Co., Greenville, Mich. 
H,I 

Dura Plastics of New York, New York, 
N.Y. (B, H) 


Seattle, Wash. 
(B, H, 1) 


‘Durable Plastics Co., Inc., 


i Roll Leaf Stamping Co., a-455 
B, E 

Elowne Metalizing, New York, N.Y. (I) 

Electric-Auto-Lite Co., Bay City, 1. 


(E, F, I) 
*Emeloid Co. Inc., The, eS re NJ. ; 
A H,I 

Emerson Plastics Corp., re % NY. 
A, B, E, F, H, 1) 
ae tag Plastics, Inc., Gibsonville, 


(B, F, H) 
ee Products, Inc., Kirkwood, 
0. 


(E, H, I) 
*Erie Resistor Corp., Erie, Pa. (I, H) 
Evans-Zeier Plastic Co., Madison, we 


Eyelet Specialty Div., International Sil- 
ver Co., Waterbury, Conn. (H, I) 
Fabri-Kal Corp., Kalamazoo, Mich. 
E, F, H, 1) 
Fawn Plastics Co., Inc., Timonium, Md. 
(B, E, F, H, 
*Federal Tool Corp., Chicago, Ill. (E, H) 
F —, Andrew, Associates, Chiesa 
Ill. . 
Forbes Products Corp., Rochester, N.Y. 
*Foster Grant Co., Inc., Industrial Services 
Div., New York, N.Y. (E, H, 1) 
Franklin Fibre-Lamitex Corp., Wilming- 
ton, Del. (B) 
Fried Novelties, Brooklyn, N.Y. (E) 
Garray Plastics Co., Inc., Kearney, ah 
*General Industries Co., Elyria, Ohio 


(E, F, H, 1) 
General Machine & Tool Works, Inc., 
Walled Lake, Mich. 
A, B, C, E, F, G, H, I) 
General Plastics Corporation, Marion,. 
Ind. (H, 1) 
*General Tire & Rubber Co., The, 
Marion, Ind. (H, 1) 
Gladwin Plastics Inc., Atlanta, Ge. 0 
Glass, Harry H., & Brothers, ay ” New 
York, N.Y. (B, E, H, D 
Glassoloid Corporation of America, Clif- 
ton, N.J. (D) 
*Glidden Co., The, Cleveland, Ohio 
(D, H, I) 
Gomar Mfg. Co., Inc., Linden, N.J. (A) 
Goodren Products Corp., Englewood, ys 


Gotham Plastics Corp., Bronx, N.Y. 
(A, E, H,I 

Haas Corp., The, Mendon, Mich. (F,I 

Hampden Mfg. Co., Inc., Falmer, Mass. 


Har-E-Dan Engravers, Broakya, N ") 
Hermes Engravers, Inc., New vor ap 


B) 

Hughes Plastics, Inc., St. Joseph, Mich. 
(B, E, F, H, D 

Hunton Plastics Co., Englewood, N.J. 
(B, H) 

(E, I) 
Mich. 
(B, H) 
Industrial Sales Engineers, New York, 
N.Y. (B, C, D, E, F, H, 1) 
Insulating Fabricators of New England, 
Inc., Watertown, Mass. (B, F, H, 1) 
International Plastic Co., New York, N.Y. 
A, F, H, D 


*Ideal Plastics, Hollis, N.Y. 
Imperial Industries, Inc., Wayne, 
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aa H. G., Mfg. Co., Inc., Paterson, 
E 


a. S S. L., Mfg. Co., Chicago, Ill. , 
,H 
Jamison Plastic Corp., North Be slimore, 
N. (B, C, D, E, F, G, H, 1) 
Jodee ‘Plastics Co., Brooklyn, NY 
(A, B, C, E, F, H, 1) 
Joliet Plastic, Inc., Joliet, nl. (E, F ‘ H, +f) 
Jupiter Plastics, Inc., Pittsfield, Mass. 
(E, F, H, I) 
Kaufman Glass Co., Wilmington, Del. 
(B) 
Kaye Plastics Corp., New Brunswick, N.J. 
.F, : 
Kenly Co., Terre Haute, Ind. 1 
Kent Plastics, Evansville, Ind. (E, F, H, I) 
Kerrco Products, Lincoln, Neb. (B, E, H) 
as ing E. B., be Leominster, 
E, F, I) 
Koll. "Craft Plastic Producers Inc., Fen- 
ton, Mo. (E, F, H, D 
Krieger Color & Chemical re cine. Los 
Angeles, Calif. C, F, i, I) 
Kuhlman Plastics Co., Inc., Kon AS City, 
Mo. (E, H, D 
Kusan, Inc., Nashville, Tenn. (1. I) 
Laminated Sheet Products Corp., .Nor- 
wood, Mass. (B, E, F, H, 1) 
La | Mode Plastic Co., Inc., New York, 
Leathertone, Inc., Boston, Mass. 
(C, = F, H, I) 
*Lincoln Molded Plastics, Inc., ?: Le ville 
Ohio ch. B, E H, 1) 
Ludascher, William C., Eddington, Pa. 
(E) 
Lumar Optical Mfg. Co., Inc., Mt. Ver- 
non, N.Y. (B, G) 
eid Cite Industries, Inc., Brooklyn, 
N.Y. (B, D, E, H, D 
MacDonald Mfg. Co., New Baltimore, 
Mich. (A, D, E, F, G, H, 1) 
*Madan Plastics, Inc., Cranford, N.J. 
B, D, E, F, G, I) 
Majestic Creations, Inc., Woodside, N.Y. 
(H) 
Majestic Molded Products, Inc., New 
York, N.Y. (A, B, E, F, G, H, I) 
Malco Plastics Inc., Baltimore, Md. (H) 
Mankato Paper Box Co, Mankato, Minn. 
(E, H) 
Marbek Inc., Brooklyn, N.Y. (I) 
Maynard Plastics Co., Salem, . 
D, E) 
i Som Engraving Co., a. Bronx, 
, E, F, H, 1 
Met, 1 The, Cincinn: ati, 
Ohio (E, H, 1) 


Specialty Co., 


*Owens-Illinois Glass Co., Toledo, Ohio 


> 


Paragon Plastic Corp., New York, N.Y. 

(E, F, H, 1) 
Parker Plastics, Pittsburgh, Pa. iE, F) 
Pasley’s Plastic Products, Inc., — 


Ga. 
Pearson-Sutton Corp., Newton, Bu 
County, Pa. I 
Perfex Plastics, Inc., Chicago, Ill. (E, I) 
Permacel-LePage’s Inc., New one ee 
N,J. 
Perma ae Plastic Products Co., St. Poul, 
Min: 
Shen ‘Scientific Corp., Great Neck, wt 


Pioneer Valley Plastics Co., Chicopee, 
Mass, E, H) 
Plast-Ad Mfg. Co., South Bend, Ind. 


A, B, H, I) 


a Art Metallizing Corp., ner 3 
Plastic Decorating Corp., Brooklyn, NY. 
Plastic Inlays, Inc., Summit, N.J. ’ 
E, F, G, H, 1) 

Plastics Fabricants, Div. of The Wood- 
man Co., Inc., Decatur, Ga. (B, H) 
Plastic Industries, Inc., Athens, Tenn. 
(A, B, D, E, F, H, 1) 

Plastic Masters, Inc., New Buffalo, Mich. 


(A, E, 
Plastic Processing Co., Flint, Mich. 


(E, H) 
Plastic Research Products, Urbana, Ohio 
I 


Plastic Service Corp., New York, N.Y. 
D, E, H) 

Plastic Suppliers & Manufacturers, Baton 
Rouge, La. (B, E, F, H, I) 
Plastic Toys Corp., Byesville, a — 


Plasticraft Manufacturing Co., Ke amy, 
N.J H, 1D) 
Plasticrafts, Inc., Denver, Colo. eB. E, HD) 
Plastics Inc., St. Paul, Minn. (B. H) 
Plastics By Chapman, Berkeley, - 


Plastics By Hoover, Huntington, / ve 
B, H 

Plastics Center of Texas, San Antonio, 
Tex. (B, E, F, H, D 
Plastics, Laminates, & Fabrics, Inc., Chi- 
cago, Il. (B, E, F, H, D 
Plastics-Tool Engineering Co., Hacken- 


sack, N 
Long Island City, N. Z 


J. 

Plaxall, Inc., 
E, H, I) 
Polo Plastics Co., Milwaukee, Wis. (H) 


Bapeete Plastics, Inc., Walled Lake, 
Mi (B. 
*Ringler-Dorin, Inc., New York, N.Y. e 
—— Foams, Ltd., Toronto, Ont, 
C. 
*Rogan Brothers, Skokie, Ill. .. (B, 
Romar Plastics, Inc., St. Charles, ‘Tha 
(E, F, G, H,) 
Rome Plastic Specialties, Inc., Worcs, 
Mass. 
Rondale Co., The, Roselle, N I. at 
Ross, Milton, Metals Co., . e, South. 
ampton, Pa. (B, C, E, F, G, H,) 
Royal Mfg. Co., Inc., Prescott, » Ariz 
(E, H) 
Rudd Plastic Fabrics Corp., Brooklys 
N.Y. 


(H) 

S. K. W. Mfg. Co., a o, Ill. (E, F.6) 

Santay Corp., Chicago, I (E, F, H,) 

Schaake, A, j., Co., St. Paul, Minn. (C) 

*Sierra Electric Corp. is Gardena, Calif. (B) 

= Miller Co., The, Maple wood, 

N.J. (B, D, E, H) 
Sinko Mfg. & Tool Co., Chicago, Poi 

H,}) 

Screen-O-Printer Mfg. Co., > ahh = 


Seder Plastic Corp., Fort Collins, Cole 
(B, E) 

Shamban, W. S., & Co., Culver City, 
Calif. (C) 
Sharpe Plastics, Inc., S. Sudbury, Mass. 
(B, F, H, } 

Shasta Mfg. Co., Berkeley Heights, NJ. 
(E) 


Shoe Form Co., Inc., Auburn, N.Y. 


(E, F, }) 

Solar Plastic Pro. Co., Brooklyn, mht 

(B, H) 

South Salem Studios, S. Salem, + a 

) 

a * amon Sales Corp., St. Petersburg 

(B, i) 

*Southern Plastic Products Co., Riviera 

Beach, Fla. (H, I) 

Southwestern Plastics, Inc., to 

Te ) 

Specht Plastics, Inc., Somerset, Pa. (D) 

Specialties Imprinting Co., Cleveland, 

Ohio (E) 

Sperzel Co., Minneapolis, Minn. (E, F) 

Springfield Fabricators, Inc., » Springiet 
N. 


J. 
Stensgaard, W. L., and Associates, Inc., 

Chicago, Ill. H, I} 
Stricker, Carl, Bloomfield, N.J. 8) 
Sun Plastic, Inc., Cuyahoga _ 


> 


Superior Laminating Co., New Yor 
N.Y. 

*Superior Plastics, Inc., » Coleg, F Ill. at 

*Sylvania Electric Products, Inc., + arTen, 


Mica Corp., The, Culver City, Calif. 

(B, D, G, H) 

Inc., Grand 
(E, H, 1) 


*Polymer Corp. "of Pennsylvania, The 

Reading, Pa. (Aj 

Polypenco, Inc., Reading, Pa. (A) 
*Polyplastex United, Inc., Union, > 


*Michigan Plastic Products, 
Haven, Mich. 
Midland Coatings, 


Inc., 


Minneapolis, 
Minn. 


(A, H, I) 

*Mimosa Corp., Belton, S.C. 
(A, B, C, D, E, F, G, H, D 

Mitchell Plastics, Inc., Owosso, Mich. 

(E, G, H, 1) 
Moldcraft, Inc., Baltimore, Md. (E) 
Molded Industrial Plastics, ae tis 
ing, N.Y. H, I) 
Monaplastics, Inc., Georgetown, —- 
(B, E, F, G, 1) 

The, 


*Morningstar Corp., Cambridge, 


Mass. E, I)- 


Nameplate Products Co., Philadelptin, 
Pa. > > > 
Nering’s Plastics, Gary, Ind. 
New Hermes Engraving Machine Corp., 
Inc., New York, N.Y. (B) 
Nichols Products Co., Moorestown, N.J. 
(E, F, G, 1H 
Norco Plastic Inc., Milwaukee, Wis. 
, B, C, D, E, F, G, H, 1) 
North Star Industries, Inc., Hopkins, 
Minn. (1D 
Nosco Plastics, Inc., Erie, Pa. 
aS =. (A, B, C, E, F, H, 1) 
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HD. Pa fi) 


Precision Plastic Products Inc., Chiege, 
Ill. (B, C, D, E, i, I) 
Premier Plastics Co., ery yt is. 
B, E, F, H, 1) 
Presco Plastics, Milwaukee, Wis. 
(B, E, F, 1) 
Price Brothers Plastic Corp., Worcester, 
Mass. (E) 
Printloid Plastics, Inc., New York, N.Y. 
, E, H, 1) 
Product Engineering & Development Co. 
Hopkins, Minn. (F} 
Production Aid, Inc., Middletown, en 
Pyramid Industrial Finishing Co., New 
York, N.Y. ’ 
R. E. C. Mfg. Corp., Holliston, roa 


eK Processing Co., The, Pawtucket, 


Pn ES J. A., & Co., Mountainhome, 
Pa. (B, H, I) 

Reinhardt Plastics Co., Denver, Colo. 
, E, F, 1) 


Sylvania Electric Products, Inc., Parts 
Div., Warren, Pa. (E, F, D 
Syracuse Plastic Molders, ean 


a) 


Technicraft Co., Boston, Mass. (B) 
Thomas, Charles bs Philadelphia, Pa. 

D, E, G, H,) 
Timely Products Pa, Des Moines, Towa 


F. H, } 
Topflight Corp., York, Pa. (H) 
Transplastics Fabricating Co., Boston, 

Mass. (B, H) 


Trimount Plastic Co., Inc., Arlingter, 
Mass 
Tri-State Plastic Molding oe E Hender- 


m, Ky. e : 
Tulsa’ Plastics, Tulsa, Okl. "(B, E, H) 
Tumble-Buff Laboratories, Inc., Jamat 
N 


vie 
20th Century Plastics Co., ore i. 
. istown, N.J. 
U. S. Radium Corp., Merwe Y, iD 
United Mask & Novelty Co., Inc., Gles- 
dale, N.Y. (H) 





Sr Ole SP SS SsCcer = 


= 


i 


Vac-Art, Inc., Bay City, Mi HD 
Vacuum Plastics Corp., Columbus, Ohio 
Valley-National Corp., The, Milldale 


Conn. , EB, 
Vavrik, Louis, Rossford, Ohio (H 
Via Plastics, Inc., Philadelphia, Pa. (B, 
Virginia Plak Co., New York, at “ 
Vitex Plastics, New York, N.Y. _ (H) 
Vulcanized Rubber and Plastics Co 
Morrisville, Pa (F} 
Wachter Plastic Co., Sacramento, en 
Wama Co., The, Baltamore, Md. 
(B, E, G, H, 1) 
Wasco Products, Inc., Cambridge, Mass. 


*Waterbury Companies, Inc., Waterbury, 


Conn. ‘ [_~F 
*Weber Hot Stamping Equipment Co. 
Chicago, Tl. (E} 
Welch Plastics & Mfg. Co., Inc., Colum- 
bus, Ohio (E, F, H, 1) 
Westinghouse Electric Corp.; Micarta 
Div., Hampton, S.C, (G, H, I 
Westlake Plastics Co., Lenni Mills, Pa. 


) 

Western Supplies Co., St. Louis, Mo. (B) 
Wright Sales Co., Newark, N.J. (E, F) 
*Yardley Plastics Co., Columbus, Ohio (F) 
Zenith Plastics of Michigan, Inc., Ypsi- 
lanti, Mich. (B, E, F, H, 1 


ABRASIVE FORMING 


Aacon Industries, Inc., Brooklyn, N.Y. 
*xAce Plastic Co., Jamaica, N.Y. 

Brooklyn Plastic Co., Inc., Brooklyn, N.Y. 

Carmer Industries, Inc., Kenilworth, N.J. 

Engineering Laboratories, Inc., Pompton 

Lakes, N.J. 

Jupiter Plastics, Ine., Pittsfield, Mass. 
*Keolyn Plastics, Inc., Chicago, II. 
*Orange Products, Inc., Orange, N.J. 

Paragon Plastic Corp., New York, N.Y. 

Rayaeite Plastics, Inc., Walled Lake, 

lich 

Tumble-Buff Laboratories, Jamaica, N.Y. 


BLOW MOLDING 
Blow-O-Matic Corp., The, Bridgeport, 


Conn. 

Continental Can Co., Inc., Millsplastic 
Div., Chicago, Ill. 

*Foster Grant Co., Inc., Industrial Serv- 

ices Div., New York, N.Y. 

Imco Coutainer Corp., Kansas City, Mo. 

——— Plastics Co., Inc., Los Angeles, 
allt, 

Owens-Illinois Co., Toledo, Ohio 

Plax Corp., Hartford, Conn. 

Precision Extruders, Leominster, Mass. 

Royal Mfg. Co., Inc., Prescott, Ariz. 

Wheaton, T. C., Co., Mays Landing, N.J. 


CASTING 


Aacon Industries, Inc., Brooklyn, N. Y. 
sed Feats Supply Corp., New York, 
mem Agile Corp., Maple Heights, 
u0 
Ameriplastic Co., The, Flint, Mich. 
Amston Plastic Engineering Corp., Am- 
ston, Conn, 
Apex Reinforced Plastics Div., White 
Sewing Machine Corp., Cleveland, 
110 
Applied Resins Corp., N. Caldwell, N. J. 
Argo Plastic Products Co., Inc., Cleve- 
land, Ohio 
Aries Laboratories, Inc., Long Island 
City, N. Y. 
a ee Mfg. Co., Los Angeles, 
alif, 
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Atkins & Merrill, Inc., S. Sudbury, Mass. 
Atlantic Mfg. Co., Philadelphia, Pa. 
Atlas Plastics, Inc., Buffalo, N. Y 
Axel Plastics Research Laboratories, 
Brooklyn, N. Y. 
Bacon & Weber, Chicago, III. 
Baxter Co., The, Cincinnati, Ohio 
Ber-Design Associates, Irvington, N. J. 
*Boonton Molding Co., Boonton, N. J 
Bricmar Mfg. Corp., New York, N. Y. 
Brilhart Plastics Corp., Mineola, N. Y. 
*Cadillac Plastic & Chemical Co., De- 
troit, Mich. 
*Cast Optics Corp., Hackensack, N. J. 
a Development Corp., Danvers, 
ass. 
Chemical & Engineering Associates, Up- 
per Darby, Pa. 
oe Fiber Glass Co., El Monte, 
alif. 
Clearfloat, Inc., Attleboro, Mass. 
Commonwealth Plastics Corp., Leomin- 
ster, Mass. 
Conneaut Rubber & Plastics Co., The, 
Conneaut, Ohio 
Couroc of Monterey, Monterey, Calif. 
*Danielson Mfg. Co., Danielson, Conn. 
Disogrin . Industries, Inc., Mount Ver- 
non, N. Y. 
Duramic Products, Inc., New York, N. Y. 
Emerson & Cuming, Inc., Canton, Mass. 
Fassler, M. J., & Co., Inc., Brooklyn, N. Y. 
Firmaline Products, Inc., Midland Park, 


N. J. 

HES Electrical Mfg. Corp., El Monte, 
alif. 

High Strength Plastics Corp., Chicago, 


International Plastic Co., N. Y., N. Y. 
Jodee Plastics Co., Brooklyn, N. Y. 
— George J., & Son, Philadelphia, 


a. 

Lawrence Adhesive & Chemical Co., 
Inc., Lawrence, Mass. 

Lumar Optical Mfg. Co., Inc., Mt. Ver- 
non, N. Y. 

— Pressure Casting Co., Chicago, 


Munray Products Div., The Fanner Mfg. 
Co., Cleveland, Ohio 

Omaha Plastics Co., Omaha, Neb. 

Pasley’s Plastic Products, Atlanta, Ga. 

Pioneer Scientific Corp., Great Neck, 


i A 

Witte Embedments Co., Inc., Attleboro, 
Mass. 

Plastic Service Corp., Laporte, Ind. 


Plastic Tooling Aids Laboratory, Bridge- 
port, Conn. 

Plasticrafts, Inc., Denver, Colo. 

Plastics By Hoover, Huntington, W. Va. 


Plastics, Laminates, & Fabrics, Inc., 
Chicago, IIl. 


Plasti-Skill Co., Corona, N.Y. 


oo Engineering Co., Marlborough, 
ass. 


Production Aid, Inc., Middletown, Ky. 
Reinhardt Plastics Co., Denver, Colo. 
Ren Plastics, Inc., Lansing, Mich. 
Reynolds Plastics, Inc., Walled Lake, 


Mich. 


Sarcol Foundry & Pattern Corp., Chi- 
cago, Ill. 


Sierracin Corp., The, Burbank, Calif. 


Skeist & Schwarz Laboratories, Inc., 
Newark, N. J. 


Technicraft Co., Boston, Mass. 
“ ies Products Corp., Metuchen, 


Wal-Mar Plastics, Inc., Torrance, Calif, 

Wasco Products, Inc., Cambridge, Mass. 

Washington Plastics Co., Sharon, Pa. 

Westinghouse Electric Corp., Micarta 
Div., Hampton, S. C. 

Winner Mfg. Co., Inc., Trenton, N. J. 


*Appleton Machine Co., 


CONSULTANTS 


Able Container Co., Chicago, IIl. 
Acme Plastic Products Co., Inc., Do 


town, Pa 


yles- 


*Akron ‘Presform Mold Co., Cuyahoga 


Falls, Ohio 
Air Cruisers Div., The Garrett Corp., 
Belmar, N. J. 
Al-Be Industries, Bell Gardens, Calif. 
American Agile Corp., Maple Heights, 


Ohio 
American Molded Fiberglass, Paterson, 
N 


* 4 
Apex Reinforced Plastics Div., White 
Sewing Machine Corp., Cleveland, 


Ohio 
Doven Div., 
pleton, Wis. 


A 
Applied Plastics Co., Inc., El Segundo, 


Calif. 
Aquador Plastics, Inc., Brooklyn, N. Y. 
Argo Plastic Products Co., Inc., Cleve- 
land, Ohio 
Arnkurt Associate Engineers, New York, 


eT 
Art Plastics Mfg. Co., Los Angeles, Calif. 
Atlantic Plastics, Inc., Stamford, Conn, 
Axel Plastics Research Laboratories, 
Brooklyn, N. Y. 
Ayres, Samuel, Jr., Associates, Boston, 


Mass. 
Bahlke, Alfred F., Berkeley Heights, 
N 


Bauer, Dr. George, Keene, N. H. 

Ber-Design Associates, Irvington, N. f. 

Bergen Mold & Engineering Co., Little 
Ferry, N. J. 

Bernard Plastics Molding Corp., Long 
Island City, N. Y. 

Berni, Alan, & Associates, Inc., New 
York, N. Y. 

Bjorksten Research Laboratories for In- 
dustry, Inc., Madison, Wis. 


*Blackhawk Molding Co., Inc., Addison, 
Ill 


Blumenthal, Margaret, New York, N. Y. 
Bonwitt, Dr. G. L., New York, N. Y: 
Borkland Laboratories, Marion, Ind. 
Bricmar Mfg. Corp., New York, N. Y. 
Budd, John, Co., Eastford, Conn. 
Bullock, H. Leslie, New York, N. Y. 
Bureau, Achille G., New York, N. Y. 


*Byrd Plastics, Inc., Erie, Pa. 


Caco, Inc., Pomona, Calif. 


*Cadillac Plastic & Chemical Co., De- 


troit, Mich. 
Campro Co., The, Canton, Ohio 
Cantor, Robert Lloyd, New Brunswick, 


Carmagnola, Ernest D., Jackson Heights, 
N. Y 


Chance, W. R., & Associates, Inc., 
Waldorf, Md. 

Chemical & Engineering Associates, Up- 
per Darby, Pa. 

Chemtron Fiber Glass Co., El Monte, 
Calif. 

Cherry, Peter, Monroe, Conn. 

Cincinnati Testing & Research Labora- 
tories, C. T. L. Inc., Cincinnati, Ohio 


— Laboratories, Inc., Chicago, 
Ill. 


Colvin-Friedman Co., Springfield, N. J. 


*Como Plastics Inc., Columbus, Ind. 


Conneaut Rubber & Plastics Co., The, 
Conneaut, Ohio 


Custom Coatings Co., Los Angeles, Calif, 


*Danielson Mfg. Co., Danielson, Conn. 


Darr, Harold W., Associates, Minneapo- 
lis, Minn. 

DeBell & Richardson, Inc., Hazardville, 
Conn. 

y= Sunshine Exposure Tests, Phoenix, 


Devco Engineering, Inc., Caldwell, 
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Durable Plastics Co., Inc., Seattle, Wash. 
*Egan, Frank W., & Co., Some srville, N. 
Electric-Auto-Lite Co., Bay City, Mich. 
Engineering Associated, Winona, Minn. 
— Engineering Co., Inc., Upland, 
Ca 1 
Evans-Zeier Plastic Co., Madison, Wis. 
Everlite Corp., Seattle, "Wash. 
Fabrico Mfg. Corp., Chicago, Ill. 
> Hollow Staybolt Co., Cuyahoga 
Falls, Ohio 
Fawn Plastics Co., Inc., Timonium, Md. 
*Fine Organics, Inc., New York, N. Y. 
Finn and Fram, Sunland, Calif. 
a ae Products, Inc., Midland Park, 


N. J. 
Firth, F. G., Los Angeles, Calif. 
Fischer, Andrew, Associates, Chicago, 
I 


Frisk, Paul W., Brevard, N.C. 

Fukal, Alfred F., Houston, Tex. 

G-W Plastic Engineers, Inc., Bethel, Vt. 

Garan Chemical Corp., Gardena, Calif. 

Caen Industrial Foundation, Gardner, 
Mass. 

General Machine & Tool Works Inc., 
Walled Lake, Mich. 

Gershen, Irvin ‘}. Maplewood, N. J. 

Greenfield, David S., Bronx, N, Y. 

Groppe, Henry, Houston, Tex. 

*Guild Electronics, Inc., New York, N. Y. 
*H.M.S. Associates, Willow Grove, Pa. 

H & R Industries, Nazareth, Pa. 

Hale and Kullgren, Akron, Ohio 

Halsen Mfg. Co., Philadelphia, Pa. 

Hart, William a & Associates, St. 
Cc harles, Ill. 

Hughes Plastics, Inc., St. Joseph, Mich. 

—— Engineering Service, S. Easton, 
Aass 

ss Sales Engineers, New York, 


Ions Exchange & Chemical Corp., New 
York, N. Y. 

Isochem Resins Corp., Providence, R. I. 

— Piastic Corp., North Bellmore, 


N. Y. 
ae eee Co. Inc., Los Angeles, 
aut, 
Jodee Plastics Co., Brooklyn, N. Y. 
Joliet Plastic, Inc., Joliet, Il. 
Kabar Mfg. Corp., New York, N. Y. 


— Plastics Corp., New Brunswick, 
N. J. 
Keck, Henry, Associates, Pasadena, Calif. 
Ketchpel Engineering Corp., W. Engle- 
wood, 
King Designers, Detroit, Mich. 
— - a acca Service, Los Angeles, 


Koller “Craft Plastic Producers, Inc., 
Fenton, Mo. 
—, Chemico Physical Co., New York, 


Kreier, "George J., & Son, Philadelphia, 


Lani Plast egy Co., 


Tampa, Fila. 
La Mode Plastic Co 


, Inc. New York, 


mi Bs 
Levey, Harold A., Laboratories, New Or- 
leans, La. 
Levin, Monte L., New York, N. Y. 
Libbert Tool & Die, Fort Worth, Tex. 
*Liberty Cutting Die Co., New York, N. Y. 
Liberty, Gene, New York, N. Y. 
Ludascher, William C., Eddington, Pa. 
Lunn Laminates, Inc., Huntington Sta- 
tion, N. Y. 
McCutcheon, George, Los Angeles, Calif. 
*Madan Plastics, Inc., Cranford, N. }. 
Maynard Plastics Co., Salem, Mass. 
Mechtronics Co., Philadelphia, Pa. 
Merchandise Presentation, N. Y., N. Y. 
Mitchell’s, L. D., Plastic Studio, Pitts- 
burgh, Pa. 
Modular Molding 
N. J. 


Corp., Burlington, 


* Indicates Advertiser 


1132 


Molded Products Inc., Los Angeles, Calif. 

Mueller, Ernest, Los Angeles, Calif. 

— Engineering, San Leandro, 
Calif. 

Naken, Wm., Los Angeles, Calif. 


*National Plastics, Inc., Knoxville, Tenn. 
*Newark Die Co., Newark, N. J 


Newton Tool & Mfg. Co., Wenonah, N. J. 

New England Engineering & Mfg. Co., 
Worcester, Mass. 

New England Laboratories, Inc., Ips- 
wich, Mass. 

New Plastic Corp., Los Anodes Calif. 

Oak Engineering Co., Inc., Gloucester 


City, N. J. 
re Plastic Corp., New York, N. Y 
Newton, Bucks 


Pearson-Sutton Corp., 
County, Pa. 

Peerless Plastics Co., Milwaukee, Wis. 

Pelmor Laboratories, Inc., Newtown, Pa. 

Pioneer Plastics, Dayton, Ohio 

sig ge Equipment Corp., Waltham, 
Mas 

Plastic Model Engineering Co., Van 
Nuys, Calif. 

Plastics, Laminates, & Fabrics, Inc., 
Chicago, IIl. 

Plasticrafters, Inc., Cicero, Ill. 

Plastic Service Corp., New York, N. Y. 

Plastic Suppliers & Manufacturers, Ba- 
ton Rouge, La. 

Plastic Tooling Aids Laboratory, Bridge- 
port, Conn. 

Plasticrafts, Inc., Denver, Colo. 

Plastics By Chapman, Berkeley, Calif. 

Plastics Center of Texas, -% Antonio, 

Plastics Consultant Service, N. Y., 

— -Tool Engineering Co., Hacken- 
sack, N. 

Polymold P astics, Inc., Chicago, Ill. 

Portage Plastics Co. Inc., Portage, Wis. 

Premier Plastics Co. Milwaukee, Wis. 

Pribble Plastics Products, Inc., New Ha- 
ven, Ind. 

Printon Corp., New York, N. Y. 

Protective Lining Corp., Brooklyn, N. Y. 

Pyro Plastics Corp., Union, N. J. 

Radiation Applications, Inc., N. Y., N. Y. 


* Raybestos-Manhattan, Inc., Manheim, 
Pa. 
*Reed Plastics Corp., Worcester, Mass. 


Regal Plastic Co., Kansas City, Mo. 
Resin Research Laboratories, Inc., New- 


ark, N. J. 

a Plastics, Inc., Walled Lake, 
Mich. 

Rhodes, Philip H., & Associates, Cin- 
cinnati, Ohio 


*Robbins Plastic Machinery Corp., Elk- 


hart, Ind. 
Rosenthal, Alfred A., New York, N. Y. 
Ross, Milton, Metals Co., The, South- 
ampton, Pa. 
Rothenstein, Guy ag Forest Hills, I ¥ 
Scheele, Edwin H., ss ene 
Schnur-Appel, Union, N. J. 
Schramm Fiberglass ucts, Inc., Chi- 


cago, Ill. 

Screen-O-Printer Mfg. Co., Adams, 
Mass. 

Seder Plastic Corp., Fort Collins, Colo. 

a and Associates, Grand Rapids, 
Nic 

ey. pynate 3. Co., The, New 
Yor 

Singer, Pa H., New York, N. 

Skeist & Schwarz “Laboratories, By 
Newark, N. J. 

Sorel, Frederick, Prospect Heights, Tl. 


*South Florida Test Service, Miami, Fla. 


a Plastics, Inc., Houston, 


xX. 
Sscmadl Co., Minneapolis, Minn. 
— Fabricators, Inc., Springfield, 


*Standard Tool Co., Leominster, Mass. 


or yy R., Laboratories, Cleveland, 


er ea Raymond B., Los Ang 


*Stromes Systems, Inc., N. Y. 
Sun Plastic, Inc. Cuyahoga Falls, Ohio 
Superior Materials, Inc . New York, N. Y. 
Superior Plastics hens "Chicago, Ill 
*Sylvania Electric Products Inc., Parts 
Div., Warren, Pa. 
i Research Institute, Pasadena, 


Thal, Bernard, Boston, Mass. 
Thierica Studios, Inc., Grand 
Mich. 
Thombert, Inc., Newton, Iowa 
Tronomatic Machine Mfg. Corp., New 
Ua pas Prod ucts, Metuchen, N. J. 
Via rng tered Philadelphia, Pa. 
Wal-Mar P Inc., Torrance, Calif, 
Welch Plastics & "Mfg. Co., Inc., Colum. 
bus, Ohio 
Wills, John A., & Co., Pasadena, Calif 
*Yardley Plastics Co., Columbus, Ohio 
Zapf, Charles & Co., Evanston, Il! 
Zenner, Justin, Chicago, I Ill 


Rapids, 


DESIGN PLATING ON PLASTICS 


Aacon Industries, Inc., Brooklyn, N. Y. 

Campro Co., The, Canton, Ohio 

—- Price Tag Mfg. Co., Chicago, 
Il 


Elcone Metalizing, New York, N. Y. 
Electric-Auto-Lite Co., Bay City, _ 
*G.M.C. Process Corp., New York, N. 
Hughes Plastics, ti St. Joseph, Miah 
Jamison Plastic Corp., N. Bellmore, 
N. Y 


Leathertone, Inc., Boston, Mass. 
Mitchell Plastics, Inc., Owosso, Mich. 
Norco Plastics, Inc., Milwaukee, Wis. 
Plastiplate Co., Inc., South River, N. J. 
*Santay Corp., Chicago, Ill 


DESIGNERS, INDUSTRIAL 
Aacon Industries, mee rs N. Y. 
*Akron Presform Mo 


Co., Cuyahoga 
Falls, Ohio 
Al-Be Industries, Bell Gardens, Calif. 
Apex Reinforced Plastics Div., White 
Sewing Machine Corp., Cleveland, 
Ohio 
Ankurt Associate Engineers, New York 
Art Plastics Mfg. Co., Los Angeles, Calif. 
Atlas — iy "Little Ferry, + J. 
Ayres, r., Assoc., Boston, Mass. 
Bacon & Weber, Chicago. Ill. 
Bahlke, Alfred F., Batley Heights, 


N. J. 
Beckes & Becker N. Y., N.Y. 
Beinert, John David, New York, N. Y. 
Ber-Design Associates, Irvington, N. J. 
Bernard Plastics Molding Corp., Long 
Island City, N. Y. 


Ret Alan, & Assoc., Inc., New York 
wlacthaw Molding Co., Inc., 


Addison, 


Blumenthal, Margaret, New York, \. Y. 
Budd, John, Co., Eastford, Conn. 
Bureau, Achille G., New York, N. ) 
Campro Co., The, Canton, Ohio 
ar Robert Lloyd, New Bru: swick, 


Carmagnola, Ernest D., Jackson I'cights, 
N. Y. 


Cary Products Co., The, Dallas, Texas 

Chapman, Dave, Inc., Chicago, I!! 

Chemtron Fiber Glass Co., E! Monte, 
Calif. 


Cherry, Peter, Monroe, Conn. 

*Como Plastics Inc., Columbus, Ind 
Couroc of Monterey, Monterey, Calif. 
Covey, Laird, Monroe, Conn. 





Darr, Harold W., Associates, Minneapo- 
lis, Minn. 


Deity Helen, & Associates, New York, 
De F '& Richardson, Inc., Hazardville, 
Ce 
ont Inc., Chicago, Il. 


Des Dynamics, 
Desk, ha ‘Associates, New York, 


» 
niall Machine & Engineering, Inc., 
Chicago, Ill. 
Ehrman, Ernst, New York, N. Y. 
Ellies, David, Industrial Design, Inc., 
Columbus, ‘Ohio 
Engineering Associated, Winona, Minn. 
xFabrico Mfg. Corp., Chicago, IIL. 
Fawn Plastics Co., Inc., Timonium, Md. 
Federico, Joseph B., Rochester, N. Y.° 
Florian, Gordon, Bridgeport, Conn. 
Fukal, Alfred F., Houston, Tex. 
G-W Plastic Enginee banat? Poe Vt. 
Gershen, _—e tee 
Gore, Fred M 
* Goulding Mfg. on ay to Mich. 
Grover, Frederic S., Associates, Roches- 
ter, N. Y. 
Gury Robert, Associates, New York, 


G wil ‘Molders, Inc., Elmford, N 
*H.M.S. Associates, Willow ‘Geo Pa. 
Hall, Frances C Charlotte, N. C. 
Halsen Mfg. Co., Philadelphia, Pa. 
Harper Landell & Associates, Philadel- 
phia, Pa. 
Hart, William A., & Associates, St. 
Charles, Ill. 
“We % James & Marie, Providence, 
R. 1. 
chen Henry, Belmont, Calif, 
Hughes Plastics, Inc., St. Bon S Aa 
Huxtable, L. Garth, New York, N 
Industrial Engineering Service, 5 
Mass. 
Industrial Plastic Fabricators, Norwood, 


Mass. 


Jacobson, S. a benim g Ii. 
Karlstad, hahew'C Sherman Oaks, 


‘ Kk, ‘Henry, Associates, Pasadena, 
Ketchpel Engineering Corp., W. Exgle- 


Ww ood, 


King Designers, Detroit, Mich. 

Koller Craft Plastic Products, Inc., 
Fenton, Mo. 

L a Mode Plastic Co., Inc., New York, 


Levin, Monte L., New York, N. Y. 


Lindsay, John, Denver, Colo. 
L i dom & Margulies, Inc. » New York, 


McCutcheon, George, Los Angeles, Calif. 
Madan Plastics, Inc., Cranfrod, N. J. 

*Microcell, Ltd., London, England 
Mitchell Plastics, Inc., Owosso, Mich. 
Modern Designers, Hialeah, Fla. 


— Engineering, San Leandro, 
ilif 


Naken, Wm., Los Angeles, Calif. 
New Plastic Corp., Los Angeles, Calif. 
Norco Plastic Inc., Milwaukee, Wis. 
OCcmnat, D. C., Associates, New York, 


Paragon Plastic Corp., New York, N. Y. 
Pearson-Sutton Corp., Newton, Bucks 
County, Pa, 


Plastic Model Engineering Co., Van 
Nuys, Calif, 
Plasticrafters, Inc., Cicero, Ill. 
— Center of Texas, San Antonio, 
ex 
Plastics, Laminates, & Fabrics, Inc., 
Chicago, Ill. 
Polymold Plastics, Inc., Chicago, Ill. 
Powell, Jim, Los Angeles, Calif. 
* Indicates Advertiser 


*Yardley Plastics’ Co 


*Barron, J. E., Plastics, Inc. 


*Cadillac Plastic & 


*Carroll, J. B., Co., 
Chanal Plastics 


*Continental-Diamond 


Preble, Harry, Cross River, N. Y. 
Presco P Milwa' 

Regal Plastic Co., Kansas City, Mo. 
Reinhardt Plastics Co., Denver, Col. 
gd Product Design, Leominster, 


Rosenthal, Alfred A., New York, N. Y. 

Rothenstein, Guy G., Forest Hills, N. Y. 

Scheele, Edwin H , Woodside, N. Y. 

Schnur-Appel, Union, N. J. 

Sherman, Alan E., & Associates, Clay- 
ton (St. Louis), Mo. 

Singer, Lawrence H., New York, N. Y. 

sae ee Designs Inc., Somer- 

ene Plastics, Inc., Houston, 

ex 

Sperzel Co., Minneapolis, Minn 

Staub, David E., See yr N. J. 

Stensgaard, W. L., and Associates, Inc., 
Chicago, i 

—- Research Institute, Pasadena, 

calif. 

Thal, Bernard, Boston, Mass. 

Timely Products Co., Des Moines, Iowa 

Triana, Rafael, New York, N. Y 

Vavrik, gg Rossford, Ohio 

Via Plastics, Inc ., Philadel hia, Pa. 

Columbus, Ohio 

Zapf, Charles, & a: Fo es 9 Ill. 


DIE CUTTING, PLASTIC SHEET STOCK 


Aacon Industries, Inc., Brooklyn, N.Y. 

Accurate Steel Rule Die Manufacturers, 
New York, N.Y. 

fons create & Plastic Co., Detroit, 

ich, 

as 7 oe & Stamping Co., Buf- 
alo, 

— Plastics Supply Corp., New York, 


American Agile Corp., Maple Heights, 


American Hard Rubber Co., Div. of 
Amerace Corp., Butler, N.J. 

1 Plastic Products Co., Inc., Cleve- 
and, Ohio 

Art Plastics Mfg. Co., Los s Acagaien, Calif. 

. Cincinnati, 
Ohio 

Bedford Products, Inc., Roanoke, Va. 

Bricmar Mfg. Corp., New York, N.Y. 

Bro-Dart lustries, Newark, N NJ. 

ical Co., Detroit, 

Mich. 


Carolina Plastics Co., Charloste. N.C. 


~ Rego | Park, N. Y. 
a Price Tag Mfg. Co ., Chicago, 


Colvin-Friedman Co., Springfield, N.J. 
Consolidated Plastics & Mfg. Co., Chi- 

cago, Ill. 

Fibre Corp., 

Newark, Del. 

- 7 Extrusion Co., Mamaroneck, 
Cox Plastics Corp., Buffalo, N.Y. 
Crook, William A., Co., Inc., Watertown, 

Mass. 

Curry Arts Molding & Laminating Co., 

Scranton, Pa. 

Darling, L. A., Co., Plastic Div., Cold- 
water, Mich. 
a ase of New York, New York, 


*Eméloid Co., Inc., The Hillside, N.J. 


Emerson Plastics Corp., Bronx, N.Y. 


ns Plastics, Inc., Gibsonville, 


Engineered Products, Ine, Kirkwood, 


Mh cn Te Plastic Co., Madison, Wis. 
Fabri-Kal Corp., Kalamazoo, Mich. 
Forbes Products Corp., Rochester, N.Y. 


General Machine & Tool Works, Inc., 
bee gt i — 
General P Marion, Ind. 
Gill, M. a On Corp., oT Monte, Calif. 
Mfg. Co., Saginaw, Mich. 
Halogen Insulator "& Seal Corp., Frank- 
lin” Park, Ill. 
Hampden "Mfg. Co., Inc., ah Mass. 
*Hopp Plastics, New York. N.Y 
Hunton — Co., Englewood, N. 
Industrial S ales Engineers, New York 
Fabricators of New England, 
Inc., en Mass 
Jacobson, S Z. Co., ieee, 
Jodee Plastice Co., Brooklyn, N. 
Jupiter Plastics, Inc., Pittsfield, Mass. 
Kaufman Glass Co., ‘Wilmington, Del. 
*Kingman, E. B., Co., , Leominster, 


Mass. 

Laminated Sheet Products Corp., Nor- 
wood, Mass. 

Lumar Optical Mfg. Co., Inc., Mt. Ver- 


non, N.Y. 

*Madan Plastics, Inc., Cranford, N. 
Malco Plastics, Inc., Baltimore, Md. 
Mankato Paper Box Co., Mankato, Minn. 
—— Plastics Corp., Long Island City, 
Nameplate Products, Philadelphia, Pa. 
Newton Tool and Mfg. Co., Wenonah, 


N. J. 

North Star Industries, Inc., Hopkins, 
Minn. 

Ormond Mfg. Co. Inc., Union City, N.J. 

Paper Converting & Finishing Co., 
Chicago, Ill. 

Perma Seal Plastic Products Co., St. 
Paul, Minn. 

Pioneer Scientific Corp., Great Neck, 
N.Y. 





Plastic ene, Inc., Athens, Tenn. 

Plasticrafts, Inc , Denver, 

Plastics Service Corp., New York, N.Y. 

Plastic Suppliers & Manufactures, Baton 
Rouge, La. 

Plastics Center of Texas, San Antonio 

= Laminates, & Fabrics, Chicago, 


‘*Polyplastex United, Inc., Union, N.J. 
Portage Plastics Co. Inc., Portage, Wis. 
— Plastic Products Inc., Chicago, 
Premier Plastics Co., Milwaukee, Wis. 
Printloid Plastics, Inc., New York, N.Y. 
Product Engineering. & Development 

Co., Hopkins, Minn. 
Production Aid, Inc., Middletown, Ky. 
Protective Lining Corp., Brooklyn, N.Y. 
Pyramid Screen Corp., Brookline, Mass. 
Rand Rubber Co., Brooklyn, N.Y. 
Rayll Plastics Co., Brooklyn, N.Y. 
Reem, 5. A. & Co., Mountainhome, 


Reynolds Plastics, Inc., Walled Lake, 

Mic 

Robinson Foams, Ltd., Toronto, Ont., 
Canada 

Rome Plastic Specialties, Inc., Worcester, 
M 


ass. 
*Sandman, Eli, Co., Worcester, Mass. 
*Sillcocks-Miller Co., The, Maplewood, 


N.J. 
Shoe Form Co., Inc., Auburn, N.Y. 


*Southern Plastic Prod 
Beach, Fla. 
Specht Plastics, Inc., Somerset, Pa. 
Springfield F Springfield, N. J. 
Staff Die Cutting Co., New York, N.Y. 
Stricker-Brunhuber Corp., New York 
Thomas, Charles W., Philadelphia, Pa. 
Thombert, Inc., Newton, Iowa. 
Timely Products Co., Des Moines, Iowa 
*Transilwrap Co., Chicago, Ill. 
*United States Gasket Co., Camden, N.J. 
U.S. Plastic Products Corp., Metuchen, 


N.]J. 
Valley-National Corp., The, Miéilldale, 


mn. 


ucts Co., Riviera 
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Virginia Plak Co., New York, N.Y. 

Western Coil & Electrical Co., Racine, 
Wis. 

Westinghouse Electric Corp., 
Div., Hampton, S.C. 

Woodall Industries, Inc., Detroit, Mich. 


Micarta 


DIE MAKERS, EXTRUSION 


*Akron Presform Mold Co., Cuyahoga 
Falls, Ohio 
Al-Be Industries, Bell Gardens, Calif. 
= Engraving & Stamping Co., Buf- 
alo, N.Y. 
Allied Plastics Supply Corp., N. Y., N. Y. 
Beel Engineering Co., Newark, N.J. 
Conneaut Rubber & Plastics Co., The, 
Conneaut, Ohio 
*Danielson Mfg. Co., The, 
Conn. 

*Egan, Frank W. & Co., Somerville, N.J. 

— Prodotti Termoplastici, Varese, 
Italy. 

General Machine & Tool Works, inc., 
Walled Lake, Mich. 

*Goulding Mfg. Co., Saginaw, Mich. 
Hale and Kullgren, Inc., Akron, Ohio 
Industrial Engineering Service, S. Easton, 

Mass. 
Jet Specialties Co., 
Calif. 

*Johnson Mfg. Co., Chippewa, Wis. 
Kel-Min Co., Middlefield, Ohio 

*Kingman, E. B., Co., Inc., Leominster, 

Mass. 
L & P Tool Co., Cincinnati, Ohio 
Lavorazione Materie Plastiche S.A.S., 
Turin, Italy. 
Libbert Tool & Die, Fort Worth, Tex. 
Maynard Plastics Co., Salem, Mass. 
National Plastics, Inc., Knoxville, 
National Rubber Machinery Co., 
Ohio 
Newark Die Co., Newark, N.J. 
New England Die Co., Taunton, Mass. 
Plaskolite, Inc., Columbus, Ohio 
Plastic Mold Tool & Die Co. Inc., E. 
Rutherford, N.J. 
Progressive Tool & Die Co., 
Mass. 

*Robbins Plastic Machinery Corp., Elk- 

hart, Ind. 

*Roehlen Engraving Works, Inc., Roches- 

ter, N.Y. 
Sandee Mfg. Co., Chicago, IIl. 
Stricker-Brunhuber ee ee SR A 
Superior Plastics Inc., nice, Ml. 
Sussex Plastic Co., Belleville, N.J. 
— Processes, Inc., Stirling, 


Vern Emery Co., Sun Valley, Calif. 
Western Supplies Co., St. Louis, Mo. 
*Windsor, .R. H., Ltd., Chessington, 

Surrey, England 
*Yardley Plastics Co., Columbus, Ohio 


Danielson, 


Inc., Los Angeles, 


Tenn. 
Akron, 


Worcester, 


DIE MAKERS, HIGH FREQUENCY 
HEAT SEALING 


Accurate Steel Rule Die Manufacturers, 
New York, N.Y. 
Allied Engravers, Inc., New York, N.Y. 
Art Plastics Mfg. Co., Los Angeles, Calif. 
*Guild Electronics, Inc., New York, N.Y. 
Independent Die & Supply Co., St. Louis, 
Mo. 
Kabar Mfg. Corp., New York, N.Y. 
Liberty Cutting Die Co., New York, N.Y. 
*Peterson, A. W., & Sons Die Co., New 
York, N. Y. 
Plastics Center of Texas, San Antonio 
Superior Plastics, Inc., Chicago, IIl. 
Tronomatic Machine Mfg. Corp., New 
York, N.Y. 
Western Supplies Co., St. Louis, Mo. 


* Indicates Advertiser 
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*Polyplastex United, 


DIP COATING, PLASTIC 


Aacon Industries, Inc., a N.Y. 

Allied Plastics Supply Corp., N . ¥., N. ¥. 

“7 Agile Corp., Maple Heights, 
Oo 


Ameriplastic Co., The Flint, Mich. 

Aries amen Inc., Long Island 
City, 

Atlas Plastics Inc., Buffalo, N. Y. 

Axel Plastics Research 
Brooklyn, N. Y. 

Bonwitt, Dr. G. L., New York, N. Y. 

Brilhart Plastics Corp., Mineola, N. Y. 

Carolina Plastics Co., Charlotte, N. C. 

Chemical Coatings & Engineering Co., 
Inc., Media, Pa. 

Chemical & Engineering Associates, 
Upper Darby, Pa. 

Clear View Plastics Corp., Poplar Bluff, 
Mo. 

Custom Coatings Co., Los Angeles, Calif, 

Dec-Art Process Co., Inc., Bronx, N. Y 

Emerson & Cuming, Inc., Canton, Mass. 

Engineered Plastics, Inc., Gibsonville, 
N. C 


Eronel Industries, Hawthorne, Calif. 

Falls Hollow Staybolt Co., Cuyahoga 
Falls, Ohio 

Fawn Plastics Co., Inc., 


Timonium, Md. 
Flexible Products Co., 


Marietta, Ga. 


*Glidden Co., The, Cleveland, Ohio 


International Plastic Co., New York, N. Y. 

Ions Exchange & Chemical Co., New 
York, N. Y. 

Isochem Resins Corp., Providence, R. I. 

Jupiter Plastics, Inc., Pittsfield, Mass. 

Krieger Color & Chemical Co., Inc., Los 
Angeles, Calif. 

L & P Tool Co., Cincinnati, Ohio 

ae Mfg. Co., New Baltimore, 
Mich. 

Midland 
Minn. 

Munray Products Div., The Fanner Mfg. 
Co., Cleveland, Ohio 

Pace, F. D., Co., Grand Rapids, Mich. 

Plastics, Laminates, & Fabrics, Inc., Chi- 
cago, Ill. 

Plastronic Engineering Co., Marlborough, 
Mass. 

Plectron Corp., Overton, Neb. 

Polymer Processes, Inc., Reading, Pa. 

Inc., Union, N. J. 

Pyramid Industrial Finishing Co., New 
York, N. Y. 

Reinhardt Plastics Co., Denver, Colo. 

Steere Enterprises, Inc., 


Coatings, Inc., Minneapolis, 


ELECTRONIC QUILTING 


Art Plastics Mfg. Co., Los Angeles, Calif. 
Barr, Corp., The, Richmond Hill, N. Y 


*General Tire & Rubber Co’s Bolta Prod- 


ucts Div., The, Lawrence, Mass. 


*Guild Electronics, Inc., New York, N. Y. 


Marbek, Inc., Brooklyn, N. Y. 
Plastic Service Corp., New York, N. Y. 


EMBEDDING 


Aacon Industries, Inc., Brooklyn, N. Y. 
— es & Stamping Co., Buf- 
alo, N. 
Allied Plastics Supply Corp., New York, 
N. Y. 


Aries Rehegtenion, Inc., Long Island 
City, N. Y. 

Atlas Plastics, Inc., Buffalo, N. Y. 

Baxter Co., The, Cincinnati, Ohio 


Bentek Co., Brooklyn, N. Y. 
Berton Plastics, Inc., New York, N. Y. 
Bonwitt, Dr. G. L., New York, N. Y. 


*Boonton Molding Co., Boonton, N. J. 


Brilhart Plastics Corp., Mineola, N. Y. 


*Cadillac Plastic & Chemical Co., De- 


troit, Mich. 


Akron, Ohio 


a Price Tag Mfg. Co., Chicago, 


Clearfloat, Inc., Attleboro, Mass. 

Comet Novelty Co., Adams, Mass. 

Commonwealth Plastics Corp., Leomin. 
ster, Mass. 

Copolymer Corp., Los Angeles, Calif. 

Couroc of Monterey, Monterey, Calif, 

—~ Plastics Corp., Stony Brook, 


; 4 

DeBell & Richardson, Inc., Hazardville, 

Conn. 
Duramic Products, Inc., New York, N. Y, 
Electric-Auto-Lite Co., Bay City, Mich, 
Emerson & Cuming, Inc., Canton, Mass, 
Emerson Plastics Corp., Bronx, N. Y. 
Everlite Corp., Seattle, Wash. 
HES Electrical Mfg. Corp., El Monte, 


Calif. 
Industri Sales Engineers, New York, 
, * 


a. Mfg. Co., S. I., Chicago, Ill. 
Jodee Plastics Co., Brooklyn, I. Y. 

Just Plastics Inc., New York, N. Y. 

La Mode Plastic Co., Inc., New York, 


N. Y. 
Leathertone, Inc., Boston, Mass. 
Lumar Optical Mfg. Co., Inc., Mt. Ver- 
non, N. Y. 
Maynard Plastics Co., Salem, Mass. 
Plastic Embedments €o., Inc., Attleboro, 
Mass. 
Plastic Industries, Inc., Athens, Tenn. 
Plastic Laminating Corp., Vaux Hall, 
mS 
Plastic Service Corp., New York, N. Y. 
Plastic Suppliers & Manufactures, Baton 
Rouge, La 
Plasticrafts, Inc., Denver, Colo. 
Plastics Center of Texas, San Antonio, 
Tex. 
Plastics, Laminates, & Fabrics, Inc., Chi- 
cago, Ill. 
Plastronic Engineering Co., Marlborough, 
Mass. 
*Polyplastex United, Inc., Union, N. J. 
——— Plastics, Inc., Walled Lake, 
Mic 
Ross, Milton, Metals Co., The, South- 
ampton, Pa. 
*Scranton Plastic 
Scranton, Pa. 
Specht Plastics, Inc., Somerset, Pa. 
Superior Laminating Co., New York, 
a 


Laminating Corp., 


Technicraft Co., Boston, Mass. 
U. S. Plastic Products Corp., Metuchen, 


Via 4 8 Inc., Philadelphia, Pa. 

Wasco ucts, Inc., Cambridge, Mass. 

Washington Plastics Co., Sharon, Pa. 

Westinghouse Electric Corp., Micarta 
Div., Hampton, S. C. 


EMBOSSING 


A. Flexible plastic film and sheeting 
B. Rigid plastic sheets 


Aacon Industries, Inc., Brooklyn, N. Y + 
Acme Laminating & Plastics Co. 7 
Detroit, Mich. A,B 


*Acromark Co., The, Elizabeth, N. J. J yy 
aig ® Plastics Supply Corp., New York 


aw i Richmond Hill, N. Y. (A, B) 
*Barron, J. -E., Plastics, Inc., Cincinnati, 
Ohio (A, B) 
Bonwitt, Dr. G. L., New York, N. Pi 5) 
Borkland Laboratories, Marion, Ind. (8) 


nie Coated Textiles, Inc., Bevokiys, 


N. 
Canadian General-Tower, Ltd., Galt, 
Ont., Canada (A) 





Capitol Plastics Co., Inc., Lansing, ue 
Carpenter, L. E., & Co., bares * 3 N. 
*Carroll, £ Bs B., +s, Chi 


cago, Ill. “3 
Coating Prod Inc., Englewood, N. 


Columbia } Syracuse, N. Y. 

Conneaut Rub’ & Plastics Co., 
Conneaut, ay "AB B 

Darling, L. A., Co., Plastic Div., Cold- 
water, Mich. 

ae is, Joseph, Plastics Co., Ar 


a fB 
Dilley Mfg. Co., Cleveland, Ohio 
Durable Plastics Co., Inc., Seattle, Wash. 


(B) 
Ellay Rubber Co., Inc., Los Angeles, 


Calif. 

*xEmeloid Sow Inc., The, Hillside, N.J. 
Emerson Plastics Corp., we York 
Fabric Leather Corp., New Y N. Y. 
Falge Div., Automatic Corp 


Md. 
Foulet, M. J., & Co., Brookl 
General Machine & Tool Wocks, 
Walled Lake, Mich. 
General Plastics Corp., Marion, Ind. (B) 
*General Tire & Rubber Co.’s Bolta Prod- 
ucts Div., The, ——. Mass. (A, B 
Gladwin Plastics, Inc., Atlanta, Ga. » 
Glassoloid Corp. of America, Clifton, N 


Gomar Mfg. Co., Inc., Linden, NJ. 8 
Greenfield, David S., Bronx, N.Y. 
*xGuild Electronics, Inc., New ok’ NY 


A 
Hale and Kullgren, Inc., Akron, Ohio tk 
Harte & Co., Inc., New York, N.Y. (A 
Industrial Sales E Engineers, New York, 

N.Y. 

Intraplast Mfg. Co., New York, wy A) 
Jacobson Mfg. Co., SL, Chicago A) 
Jupiter Plastics, inc., Pittsfield, "as. 


Just Plastics, Inc., New York, N.Y. ‘* 

Kehr Products Co., Philadelphia, Pa. (A 

—— Co., The, Polyken Div., ee 
I 

*Koppers Co., Inc., Durethane Plant, Chi- 
cago, Ill. 


laa, Inc., Boston, Mass. (A, 8 


*M & N Modern Hydraulic Press Co., Inc. 
Clifton, N.J. (B} 
*Madan Plastics, Inc., Cranford, N.J. 


A, 
Marbeck, Inc., Brooklyn, N.Y. (A, B 
— Plastics Corp. .» Long Island Ci “3 


Norco Plastic Inc., Milwaukee, Wis. + 
Ormond Mfg. Co., Inc., Union City, N 


,B) 
Plastic Laminating Corp., Vaux H: /~ 


, B) 
Plastic Service Corp., New York, N.Y. 


(A) 
Plastic Suppliers & Manufacturers, Baton 
Rouge, La. B 


(A, 
Plaxall, Inc., Long Island City, N.Y. (B 
Plicose Mfg. Corp., Brooklyn, N.Y. (A) 
*Polyplastex United, Inc., Union, N.J. 


(A, R 
Polytex Corp., New York, N.Y. (A 
Presco Plastics, Milwaukee, Wis. (B) 
Printon Corp., New York, N.Y. (A) 
Production Aid, Inc., Middletown, Ky. (B) 
Resincraft Plastics, Inc., Chicago, Ill. (A) 
Rich-Tex, Ine., Cedar Grove, N.J. (A, B) 
Ridge Printing Co., Inc., Ridgefield, N.J. 


Roltex Process Corp., Roselle, N.J. (A) 
Rondale Co., Inc., The, Roselle, N.J. (A) 
Ross & Roberts, Inc., Stratford, Conn. 


(A, B) 
*Rotuba Extruders, Inc., Brooklyn, N.Y. 


ae ail (A, B) 
® Indicates Advertiser 


ais Plastic Fabrics Corp., Brooklyn. 


(A) 


N.J. 
Shade Plastics. Inc., S. Sudbury, ness. 


Shoe Form Co., Inc., Auburn, N.Y. 
Therm-O-Plastics Co., ——, 5 


Timely Products Co., Des Moines, lowa 
Trimount Plastic Co., Inc., Pre .., 
United ‘Laminstioas, Inc. Mayfl, F 
U.S. Acoustical Laboratories, Inc., Lon 


Island City, N.Y. 
be ~~~ wages Corp., The, Milldale 


Vitex "Plastics, New ~~ N. AS NY B} 
*Waljohn Plastics, Inc., Brooklyn, N 


B) 
Wasco Products, Inc., Cambridge, Mss 


,_ * Weber Hot Stamping Equipment Co., 
cago. 
Welington Print Works Inc., =" 


EXPORTERS AND IMPORTERS 
A. Machinery 


B. Resins 
C. Molding Compounds 


Abbott Machinery Co., Union City, ¥. 


Acme Resin Corp., Forest Park, Ill. (B 

*Akron Presform Mold Co., ‘Cuyahoga 
Falls, Ohio (A) 

Alpha Chemical & Plastics Corp., New- 
ark, N.J. (Cc 

Ameo, Plastic Materials, Inc., Brooklyn, 
N 


*American Molding Powder & Chemical 
Corp., Brooklyn, N.Y. (C) 
Archer-Daniels-Mi Midland Co., Minne- 
apolis, M (B) 
Bamberger, “Claude P., Inc., Ridgefield 
Park, ~ (B, C) 
Blum, Paul, Co., Buffalo, N.Y. c 
Buttondex Corp. New York, N.Y. (A 
Carver Corp., The, S. Boston, Mass. c) 


B, 
Chemtron Fiber Glass Co., El Monte 


(B} 


Calif. 
*Danielson Mfg. Co., a 2 
*Dowding & Doll Ltd., London, Englan 


(A) 
*Gering Products, Inc., Kenilworth, 


*Holland, M., Co., Chicago, IIl. (C) 

xInterplastics Corp., New York (B, pa 

Linder, D., Plastics, Inc., — Pa. (B,C 

MacMillin Engineering Corp., _—— 
I 


Manton Gaulin Mfg. Co., Inc., Everett, 
Mass. (A) 


Maynard Plastics Co., Salem, ae. B.C) 


*Muehlstein, H., & Co., Inc., Now York, 
N.Y. (B, C) 
Multiplastics, Inc., Wallingford, oom 


Newton fool and Mfg. Co. Inc., a 
*Omni Products Corp., New York, NX. 
Oppenheimer Corp., Buffalo, N.Y. (B,C) 
Polypenco, Inc., Reading, Pa. (B, C) 
Poser, J & Co., New York, (A, B, C) 
Rayll Piast cs Co., Brooklyn, N.Y. (B) 
*Reed uae Can. .» Worcester, Mass. (C) 
Richard Alan Button Co., Roosevelt, Na 


ee ate Inc., New hay N.Y. (A) 
*Robbins Plastic Machinery Corp., Elk- 
hart, Ind. (A 
Alfred A., N. Y., N. Y. (A, C 
Schramm Fiberglass Products 
cago, 


Ill. 
Specialty Products Co., Jersey City, N 
United Sales Service, Los Angeles, Calif. 
(A, B, C) 


° ”? 


FABRICATORS 


Aacon Industries, Inc., Brooklyn, N.Y. 
*Ace Plastic Co., Jamaica, N.Y. 
—, Plasticover Co., Inc., New York, 


odin Presform Mold Co., Cuyahoga 
Falls, Ohio 

Airconductors, Gardena, Calif. 

Air Cruisers Div., The Garrett Corp., 


Belmar, N.J. 
Airmate Co., Toledo, Ohio 
Alda Plastics, Inc., New York, N.Y. 
yg Engraving & Stamping Co., Buf- 
io, N 
Allied Plastics Supply Corp., New York, 


N.Y 

Allied Plasti-Lite Enterprises, Inc., St. 
Louis, Mo. 

— Agile Corp., Maple Heights, 


American Hard Rubber Co., Div. of 
Amerace Corp., Butler, N.J. 

Ameriplastic Co., The. Flint, Mich. 

Amplex Mfg. Co., Philadelphia, Pa. 

Amston Plastic Engineering Corp., Am- 
ston, Conn. 

Apex Reinforced Plastics Div., White 
we Machine Corp., Cleveland, 

io 

Aquador Plastics, Inc., Brooklyn, N.Y. 

Argo Plastic Products Co., Inc., Cleve- 
and, Ohio 

Aristocrat Plastics, Inc., Newark, N.J. 

Art Plastics Mfg. Co., Los Angeles, Calif, 

Atkins & Merrill, Inc., S. Sudbury, Mass. 

_ Mineral Products Co., Mertztown, 


PP Plastics, Inc., Buffalo, N.Y. 


Auburn Plastic Engineering, Chicago, III. 
— J. E., Plastics, , Cincinnati, 


Baw Co., Pittsburgh, Pa. 
Baxter Co., The, Cincinnati, Ohio 
Bel-Art Products, West New York, N.J. 
Ber-Design Associates, Irvington, N.J. 
Berton Plastics, Inc., New York, N.Y. 
*Boonton Molding Co., Boonton, N.J. 
Borkland Laboratories, Marion, Ind. 
Bricmar Mfg. Corp., New York, N.J. 
Brilhart Plastics Corp., Mineola, N.Y. 
Bro-Dart Industries, Newark, N.]J. 
Brooklyn Plastic Co., Inc., Brooklyn, N.Y. 
Budscraft Inc., Minneapolis, Minn. 
— Molding Corp., Burlington, 


N.C, 
oe Plastic & Chemical Co., Detroit, 
Mich. 
Campro Co., The, Canton, Ohio 
Canton Containers, Inc., Canton, Ohio 
*Capitol Plastics Co., Inc., Lansing, Mich. 
Carmer Industries, Inc., Kenilworth, N.J. 
Carolina Plastics Co., Charlotte, N.C. 
*Carroll, J. B., Co., Chicago, Ill. 
Cary Products Co., The, Dallas, Texas 
*Cast Optics Corp., Hacke ensack, N.J. 
Chatelain Plastics, Findlay, Ohio 
Chemical Coatings & Engineering Co., 
Inc., Media, Pa. 
Chemtron Fiber Glass Co., El Monte, 
Calif. 
Colorvision Plastics, Inc., Boston, Mass. 
*Colonial Kolonite Co., Chicago, Til. 
Colvin-Friedman Co., Springfield, N.J. 
Comet Novelty Co., Adams, Mass. 
*Commercial Plastics & Supply Corp., 
New York, N.Y. 
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Conn-Craft Co., Waterbury, Conn. 
*Connecticut Plastic Products Co., Inc., 
Waterbury, Conn. 
Consolidated Plastics & Mfg. Co., Chi- 
cago, Ill. 
*Continental-Diamond Fibre Corp., New- 
ark, Del. 
Copolymer Corp., Los Angeles, Calif. 
Cox Plastics Corp., Buffalo, N.Y. 
Crane Packing Co., Morton Grove, IIL. 
Crook, William A., ”Co., Inc., Watertown, 
Mass. 
Crystalx Corp., Lenni Mills, Pa. 
Curbell, Inc., Buffalo, N.Y. 
Curry Arts Molding & Laminating Co., 
Scranton, Pa. 
*D & R Plastic Welders, Inc., Hazard- 
ville, Conn 
Darling, L. A., Co., Plastic Div., Cold- 
water, Mich. 
ae Model Builders, eegy x s Ta. 
vco i. we 
Dilley Mfg. Co., rao Ohio 
So of New York, New York, 


N.Y. 
Durable Formed Products, 
York, N.Y. 
Durable Plastics Co., Inc., Seattle, Wash. 
DuVerre, Inc., Buffalo, N.Y. 
Electro Plastic Fabrics, Inc., Pulaski, Va. 
*Emeloid Co., Inc., The, Hillside, N.J. 
Emerson Plastics Corp., Bronx, N.Y. 
Engineered Plastics, Inc., Gibsonville, 
N.C. 


Evans-Zeier Plastic Co., Madison, Wis. 
Eveready Plastics, Atlanta, Ga. 
Everlite Corp., Seattle, Wash. 
Fabri-Form Co., Byesville, Ohio 
Fabri-Kal Corp., Kalamazoo, Mich. 
*Fabrico Mfg. Corp., Chicago, Il. 
ror Div., Automation Corp., Bethesda, 
Falk Glass *J Plastic Co., Inc., Long Is- 
land City, N 

Farley & Loetscher Mfg. Co., Plastics 
Div., Dubuque, Iowa 

Fawn Plastics Co., Inc., Timonium, Md. 

*Federal Tool Corp., Chicago, Ill. 

Forbes Products Corp., Rochester, N.Y. 

Franklin Fibre-Lamitex Corp., Wilming- 
ton, Del. 

Fried Novelties, Brooklyn, N.Y. 

General Machine & Tool Works, Inc., 
Walled Lake, Mich. 

General Plastics Corp., Marion, Ind. 

*General Tire & Rubber Co.’s Bolta Prod- 

ucts Div., The, Lawrence, Mass. 

ie ig Tire & Rubber Co., The, Marion, 

Ind. 

*Gering Products, Inc., Kenilworth, N.J. 
Gladwin Plastics, Inc., Atlanta, Ga. 
Glass, Harry H., & Brothers, Inc., New 

York, 
Gotham Plastics Ie, Bronx, N.Y. 
Guild Molders, Inc., Elmsford, N.Y. 
Halogen Insulator & Seal Corp., Frank- 
lin Park, Iil. 
Halsen Mfg. Co., Philadelphia, Pa. 
Hampden Mfg. Co., Inc., Palmer, Mass. 
Har-E-Dan Engravers, Brooklyn, N.Y. 
ae Industries Co., St. Clair Shores, 
Mich. 
Harte & Co., Inc., New York, N.Y. 
Haveg Industries, Inc., Wilmington, Del. 
Hays Mfg. Co., Erie, Pa. 
i Cleveland, 


Heil Process Equipment, 

sone E I New York, N.Y 
ermes Engravers, Inc., New York, N.Y. 

ae Strength Plastics Corp., Chicago, 


Ill. 
*Hopp Plastics, New York, N.Y. 
Hunton Plastics Co., Englewood, N.J. 
Imperial Industries, Inc., Wayne, Mich. 
——— Plastic Fabricators, Norwood, 
ass. 


Industrial Sales Engineers, New York, 
N.Y. 


Inc., New 
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Insulating Fabricators of New England, 
Inc., Watertown, Mass. 

International Plastic Co., New York, N.Y. 

Jacobs, H. G., Mfg. Co., Inc., Paterson, 
N 


Jacobson Mfg. Co., S.1., Chicago, Il. , 
*Jessall Plastics, Kensington, Conn. 
Jet on Co., Inc., Los Angeles, 


Jodee Plastics Co., Brookl 
Jupiter Plastics, Inc., Pitts: eld, os 
Just Plastics, Inc., New York, NY. 
Kaufman Glass Co., Wilmington, Del. 
Kenwood Plastics, Washington, DC, 
*Keolyn Plastics, Inc., Chica : 
ea Mfg. Corp., “San at Calif. 
Kiug Co., Grand Rapids, Mich. 
a ngineering Service, Los Angeles, 





L rs r Tool Co., Cincinnati, Ohio 

Laminated Sheet Products’ Corp., Nor- 

wood, Mass. 

Lami-Plast Products Co., Tampa, Fla. 

La Mode Plastic Co., Inc., i a York 

Leathertone, Inc., Boston, 

Lee-Hy Plastics, ’ Inc., Baale N.Y. 

Lermer Plastics, Inc., Garwood, N. 
— Mold Plastics, Inc., Circ eville, 

Ohio 

Long, Thomas J., Inc., Carle Pl., N.Y. 

Ludascher, William C., Eddington, Pa. 

Lumar ical Mfg. Co., Inc., Mt. Ver- 

non, N.Y. 
Lunn Laminates, Inc., Huntington Sta- 
tion, N.Y. 
Lustra-Cite Industries, Brooklyn, N. Y. 
os as Mfg. Co., New Baltimore, 
Mic 
*Madan Plastics, Inc., Cranford, N.J. 

Mankato Paper Box Co., Mankato, Minn. 

Mason’s Art Plastics, Seattle, Wash. 

Maynard Plastics Co., Salem, Mass. 

Mechanical Engraving Co., Inc., Bronx, 

N.Y 
Merchandise Presentation, Inc., New 
York, N.Y. 

Mercury Plastics Corp., Chicopee, Mass. 
*Mico Instrument Co., Cambridge, Mass. 
*Microcell, Ltd., London, England 

Mitchell Plastics, Inc., Owosso, Mich. 

Mitchell’s, L. D., Plastic Studio, Pitts- 

burgh, Pa. 

Modern Plastics, Miami, Fla. 

Modular Molding Corp., Burlington, N.J. 

— of California, San Francisco, 

Calif. 

Nameplate Products Co., ~~ > 
*National Vulcanized Fibre Co., Wilming- 

ton, Del. 

Nering’s Plastics, Gary, Ind. 

New Hermes Engraving Machine Corp., 

Inc., New York, N.Y 
— Tool and Mfg. Co., Wenonah, 


J 
Nichols Products Co., Moorestown, N.J. 


North Star Industries, 
Minn. 

Northern Plastics 

Omaha Plastics Co., aha, Neb. 

Ormond Mfg. Co., Inc., Union City, N.J. 

Orna Plastics Co., Los. Angeles, Calif. 

Pam Co., The, Portland, Ore. 

Paragon Plastic Corp., New York, N.Y. 

Pearson-Sutton Corp., Newtown, Bucks 
County, Pa. 

Pine-Wood Plastic Co., Inc., Cambridge, 
Mass. 

Pioneer Scientific Corp., Great Neck, N.Y. 

Pioneer Valley Plastics Co., Chicopee, 


Inc., Hopkins, 
., LaCrosse, Wis. 


Mass. 
Pitman Plastic Products, Inc., Pitman, 


N.J. 
Plaskolite, Inc., Columbus, Ohio 
Plast-Ad Mfg. Ca South Bend, Ind. 
Plastex Process Co., Maywood, N.J. 
Plastic Center, Rochester, N N.Y, 
Plastic Creators, Inc., Little Ferry, N.J. 
Plastic Engineering Co., Tulsa, Okla. 
Plastic Industries, Inc., Athens, Tenn. 


Plastic Inlays, Inc., age N,J. 
a Fabricants, Di iv. — Wood. 


“Co. Van 


Plastic Stamping & M 
cago, Ill. 
Plastic Reaping & Manufacturers, Baton 


Rouge, : 
plik Car ett, Mich 
ver, ‘ 
Plastics “x St. Paul, Minn. 
—. << ~ Calif. 


Plastics Center of a 
Mntonio 
. Ill. ene 
cago, 
Plastimayd Products Corp., Portland, Ore, 
Plastofilm, Inc., Wheaton, Ill. 
— Engineering Co., Marlborough, 


Plas Inc., Long Island ol ig N.Y. 

Plura Plastics, Maplewood 

Polo Plastics Co., Milw ilwaukee, \ Wis 

Poly-Cell Plastics Co., Smithtown, N.Y. 
*Polygon Plastic Co., Walkerton, Ind. 
*Polymer Corp. of Pennsylvania, The, 

Reading, Pa. 

Polypenco, Inc., Reading, Pa. 

Portage Plastics Co., Inc., Portage, Wis. 

Portz Plastics & Fibre Co., Milwaukee, 


is. 

Post Electric Co., Inc., Andover, N.]. 
Precision Plastic Products, Inc., Chicago 
Premier Plastics Co., Milwaukee, Wis, 
Printloid Plastics, Inc., New York, N.Y. 
Printon Corp., New York, N.Y. 
Production Aid, Inc., Middletown, Ky. 
Protective Lining Corp., Brooklyn, N.Y. 
Ray Products Co., Inc., “Alhambra, Calif 
Rayll Plastics Co., Brooklyn, N.Y. 
Regal Plastic Co., Kansas City, Mo 
—7 J. A., & Co., Mountainhome, 


Ren “Plastics, Inc » Lansing, Mich. 

Reynolds Plastics, Inc., Walled Lake, 
Mich. 

Robinson, avn & Rubin, Inc., 
York, N 

Rome Plastic Specialties, Inc., Worcester, 


Mass 

Ross, “Milton, Metals Co., The, South- 
ampton, Pa. 

Russell Reinforced Plastics, Lindenhurst, 
N.Y 


New 


St. Regis 4 Co., Panelyte Div., N. Y. 
a Eli, Co., Worcester, Mass. 
— Process Div. _—- 


PE cee Bent Island City, N 
9 Detroit, Mich. 


Pe sot Paste Laminating Corp. 
Scranton, Pa. 
—_— Miller Co., The, Maplewood, 


ee Craftsman, Minneapolis, Minn. 
Sharpe Plastics, Inc., S. Sudbury, Mass. 
Shoe Form Co., Inc., Auburn, N.Y. 
Silicone Insulation, Inc., Bronx, N.Y. 
Solar Plastic Pro. Co., Brook! 
Solid-Art Co., Baltimore, Md. 
Somerset Insfestelal Designs, Inc., 
erville, N 


South Salou Studies, S. Salem, N.Y. 
Southern Plastic Products Co., Hiiviera 
Beach, Fla. P 
Southwestern Plastics, Inc., Houston, Tex. 

Sperzel Co., Minneapolis, Minn 
sk ae Fabricators, Inc., Springfield, 


N. 
Stricker-Brunhuber ., New York 
Stricker, Carl, Bloomfiel N.]J. 

Ind inc., = 

S La Co., New Yor 
—— a tet Chicas, il 
*Sylvania Electric Products Inc., Parts 

Div., Warren, Pa. 
*Swedlow Plastics Co., Los Angeles. Calif. 
T.Q. Plastics, Inc., Minneapolis, Minn. 


Corp., 


Som- 





Technicraft Co., Boston, Mass. 
co Plastics, Inc., Port Washington, 


rm. wes- *-Roedel Plastics Corp., Waukesha, 
Wis. 


Thermoplastic Processes, Inc., Stirling, 


eee Charles W., Philadelphia, Pa. 
Thombert, Inc., Newton, Iowa 
Timely Products Co., Des Moines, Iowa 
Transplasties Fabricating Co., Boston, 
Mass. 
Tulsa Plastics, Tulsa, Okla. 
Tumble-Buff Laboratories, Inc., Jamaica, 
N.Y. 
U.S. Radium Corp., Morristown, N.J. 
United Sales Service, Los Angeles, e7 
xUnited States Gasket Co., NJ. 
Universal Unlimited, Inc., Glen Cove, 


N.Y. 

: rrite Plastics Fabricators, Pico, Calif. 
‘acuum Plastics Corp., Columbus, Ohio 
Vellon National Corp., The, Milldale, 
Conn. 

*Van Dorn Iron Works Co., Cleveland, 
Ohio 

Via Plastics, Inc., Philadelphia, Pa. 

Virginia Plak Co., New York, N.Y 

Voges Manufacturing Co., Ozone Park, 
N.Y. 

Wachter Plastic Co., Sacramento, Calif. 

Waltco Products, Inc., Chicago, ill. 

Wama Co., The, Baltimore, Md. 

Wasco Products, Inc., Cambridge, Mass. 

Western Plastic Inc., ” Spokane, Wash. 

Westinghouse Electric Corp., Micarta 
Div., Hampton, S.C. 

Westlake Plastics Co., Lenni Mills, Pa. 

Woodall Industries, Inc., Detroit, Mich. 

*Yardley Plastics Co., Columbus, Ohio 


FABRICATORS, EXPANDED PLASTICS 


Aacon Industries, Inc., Brooklyn, N.Y. 
Airconductors, Gardena, Calif. 
Air Cruisers Div., The Garrett Corp., 
Belmar, N.J. 
ad Engraving & Stamping Co., Buf- 
f N.Y. 
Allied Plastics Supply Corp., ~ Fa. Us 
A mbasss —_ Plastics & Mfg. Corp., Chi- 
cago, I ° 
Art Plastics Mfg. Co., Los Angeles, Calif. 
Atkins & Merrill, Inc., S. Sudbury, Mass. 
Bentek Co., Brooklyn, N.Y. 
Bricmar Mfg. Corp., New York, N.Y. 
*Carroll, J. B., Co., Chicago, Tl. 
Chemical Coatings & Engineering Co., 
Inc., Media, Pa. 
os Fiber Glass Co., El Monte, 
Calif. 
Colorvision Plastics, Inc.; Boston, Mass. 
Conn-Craft Co., Waterbury, Conn. 
Crystalx Corp., Lenni Mills, Pa. 
Curbell, Ine., Buffalo, N.Y. 
Emerson Plastics Corp., Bronx, N.Y. 
Fabri-Kal Corp., mazoo, Mich. 
General Machine & Tool Works, Inc., 
Walled Lake, Mich. 


Hermsdorf Industries, Inc., Manchester, 
N.H 


Jodee Plastics Co., Brookl 

Jupiter Plastics, Inc., Pittsfield, Mi Mass. 
Kaufman Glass Co., Wilmington, Del. 
Keller Products, Inc., Manc ester, N.H. 
Kohnstamm, H., & Co., Inc., New York 
Linehan and Co., Dallas, Texas 

Liquid Bs "Processing Corp., Ches- 


Mi Donal Mfg. Co., New Baltimore, 


Mechta Co., Philadelphia, Pa. 
*Microcell, Ltd., London, England 
Modular Molding Corp., Burlington, N.J. 
Paragon Plastie Corp., New York, N.Y. 
Plastic Industries, Inc., Athens, Tenn. 
Plastic Parts Corp., Maumee, Ohio 
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Plasticrafts, Inc., Denver, Colo. 

Plastronic Engineering Co., Marlborough, 
Mass 

Polly P’ 


lastics, Inc., Cleveland, Ohio 
- ®Raybestos-Manhattan, Inc., Manheim, Pa. 


Robinson Foams Ltd., Toronto, Ont., 


Canada 
*Schwab Plastics Corp., Detroit, Mich. 
Silicone Insulation, Inc., Bronx, N. Y. 
Solar Plastic Products Co., Brooklyn, N.Y. 
T.O., Plastics, Inc., Minneapolis, Minn. 


U.S. Plastic Molding Corp., Wallingford, 


Conn. 
Wal-Mar Plastics, Inc., Torrence, Calif. 
Weber Plastics, Inc., Stevens Point, Wis. 


Woodall Industries, Inc., Detroit, Mich. 


FLAME SPRAYING PLASTIC 


Allied Plastics Supply Corp., N. 
American Agile Corp., Maple Heights, 


Ohio 
Plastic Div., Cold- 


Darling, L. A., Co., 

water, Mich. 

*Farbwerke Hoechst AG., W. Germany 
Maynard Plastics Co., Salem, Mass. 
Plasticrafts, Inc., Denver, Colo. 

Schori Process Div., Ferro-Co. Corp., 
Long Island City, N.Y. 


HEAT SEALING PLASTIC 
FILM AND SHEET 


Aacon Industries, Inc., Brooklyn, N.Y. 

Accurate Steel Rule Die Manufacturers, 
New York, N.Y. 

Acme Laminating & Plastics Co., Inc., 
Detroit, Mich. 

Acor Plasticover Co., Inc., New York 

*xAkron Presform Mold Co., Cuyahoga 

Falls, Ohio 

Airconductors, Gardena, Calif. 

Allied Plastics Supply Corp. ., New York, 


N.Y 
Alvimar Mfg. Co., New York, N.Y. 
Ameriplastic Co., The, Flint, ‘Mich. 
Anders Corp., Paterson, N.J. 
Aquador Plastics, Inc., Brooklyn, N. Y. 
Argo Plastic Products Co., Inc., Cleve- 
land, Ohio 
Art Plastics Mfg. Co., Los Angeles, Calif. 
Artmor Plastics Corp., Cumberland, Md. 
Barr Corp., The, Richmond Hill, N.Y. 
Bedford Products, Inc., Roanoke, Va. 
Borkland Laboratories, Marion, Ind. 
Bro-Dart Industries, Newark, N.J. 
*Byrd Plastics, Inc., Erie, Pa. 
—— Plastic & Chemical Co., Detroit, 
Mich. 
Canton Containers, Inc., Canton, Ohio 
Carbert Mfg. Co., Inc., Subsidiary of 
Pneumatic Scale Corp., Ltd., Cam- 
bridge, Mass. 

*Carroll, J. B., Co., Chicago, Til. 
Chanal Plastics Corp. ., Rego Park, N.Y. 
Colvin-Friedman Co., Springfield, N.J. 
Continental Can Co., Shellmar- 

Div., Mt. Vernon, Ohio 
Cosom Engineering, Minneapolis, Minn. 
Cox Plastics Corp., Buffalo, N.Y. 
Crystalx Corp., Lenni Mills, Pa. 
*D & R Plastic Welders Inc., Hazardville, 


Conn 
Darnell Mfg. Co., Orange, Va. 
Dilley Mfg. Co., The, Cleveland, Ohio 
Electro Plastic Fabri Inc., Pulaski, Va. 
*Fabrico Mfg. Corp., Chicago, Ill. 
*Federal Tool Corp., Chicago, Il. 
Forbes Products Corp., Rochester, N.Y. 
Franklin Fibre-Lamitex Corp., Wilming- 
ton, Del. 
Gilman, Marty, Inc., Gilman, Conn. 
Greenfield, David S., Bronx, N.Y. 
*Guild Electronics, Inc., New York, N.Y. 
H & R Industries, Nazareth, Pa. 
Hale and Kullgren, Inc., Akron, Ohio 
Harte & Co., Inc., New York, N.Y. 
Ideal Plastics, Hollis, N.Y. 


Y., N. ¥. 


Independent Die & Supply Co., St. Louis, 
Mo. 

Industrial Sales Engineers, New York 

International Plastic Co., New York, N.Y. 

Jacobson Mfg. Co., S.1., Chicago, IIl. 

Jet aes Co., Inc., Los ‘Angeles, 
Cc 


Kabar Mfg. Corp., New York, N.Y 

Kaufman Glass Co., Wilmington, Del. 

Labelon Tape Co., "Inc., Rochester, N.Y. 

Liberty Cutting Die Co., New York, N.Y. 

Maynard Plastics Co., Salem, Mass. 

Mercury Heat Sealing Equipment Co., 
Philadelphia, Pa. 

a, ing D., Plastic Studio, Pitts- 
burgh, P 

North Star Industries, Inc., Hopkins, 
Minn. 

Omaha Plastics Co., Omaha, Neb. 

Perma ‘tao Plastic Products Co., St. Paul, 


Min 
itenate Valley Plastics Co., Chicopee, 
Mass. 
Plastic Creators Inc., Little Ferry, N.J. 
Plastic Industries, Inc., Athens, Tenn. 
Plastic Service Corp., New York, N.Y. 
Plastic Suppliers & Manufacturers, Baton 
Rouge, La. 
Plasticrafts; Inc., Denver, Colo. 
Plastics Center of Texas, San Antonio 
Plastics, Laminates, & Fabrics, Inc., Chi- 


cago, Ill. - 
Corp., 


Plastimayd Products 
Ore 
Plaxall, Inc., cane Island City, N.Y. 
Polo Plastics Co., Milwaukee, Wis. 
Presco Plastics, Milwaukee, Wis. 
Price Brothers Plastic Corp., Worcester, 
Mass. 
Printon Corp., New York, N.Y. 
Production Aid, Inc., Middletown, Ky. 
Protective Lining Corp., Brooklyn, N.Y. 
Raven Industries, Inc., Sioux Falls, S.D. 
Reliance Plastic & Chemical Corp., Pat- 


Portland, 


erson, N.J. 

Reynolds Plastics, Inc., Walled Lake, 
Mich. 

Robinson, Lewis & Rubin, Inc., New 
York, N. Y. 

Ross, Milton, Metals Co., The, South- 
ampton, Pa. 

Springfield Fabricators, Springfield, N. J. 

Thomas, Charles W., Philadelphia, Pa. 

Valley-National Corp., The, Milldale, 


Conn 
Via Plastics, Inc., Philadelphia, Pa. 
Wachter Plastic Co., Sacramento, Calif. 
Waltco Products, Inc., Chicago, Til. 
Washington Plastics Co., Sharon, Pa. 
Weld Edge Plastics, Inc., Newark, N.J. 
Western Coil & Electrical Co., Racine, 
Wis. 
Wright Sales Co., Newark, N.J. 


HEAT TREATING OF POLYETHYLENE 


FOR PRINTING 


Aacon Industries, Inc., Brooklyn, N.Y. 
Buckeye Molding Co., Miamisburg, Ohio 
Continental Can Co., Inc., Ilmar- 
Betner Div., Mt. Vernon, Ohio 
— Plastics Co., Inc., S. Deerfield, 
ass. 
Despatch Oven Co., Minneapolis, Minn. 


*Egan, Frank W., & Co., Somerville, N.J. 


Fayorite Plastic Corp., Brooklyn, N. Y. 


*Foster Grant Co., Inc., Industrial Serv- 


ices Div., New York, N.Y. 
H & R Industries, Nazareth, Pa. 
Hale and Kullgren, Inc., Akron, Ohio 
Jupiter Plastics, Inc., Pittsfield, Mass. 


*Koppers Co., Inc., Durethane Plant, Chi- 


cago, Ill. 
Kreidl Chemico Physical Co., New York, 
N.Y. 
Maynerd Plastics Co., Salem, Mass. 
Norco Plastic, Inc., Milwaukee, Wis. 
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Bemmesetlatageh, Inc., New Brunswick, 


Plicose Mfg. Corp., Brooklyn, N.Y. 

Reliance Plastic & Chemical Corp., Pat- 
erson, N.J 

St. Regis Paper Co., a Div., N. Y. 

Sperzel Co., Minneapolis, Minn, 


HOBBING 


> Tool & Die Co., Inc., Manchester, 
onn. 
Ace Tool & Mfg. Co., Newark, NJ. 
Aetna Plastic Die Corp.. Chicago, 
Allied Engravers. Inc., New York, N.Y. 
Allied Plastics Supply Corp.. N. ¥., N. Y. 
Buttondex Corp., New N.Y. 
*Byrd Plastics, Inc., Erie, Pa. 
Caco, Inc., Bomona, Calif. 
Campro Co., The, eee, Ohio. 
Colt’s Plastics Co., .» N. Grosvenor 
Dale, C 
*Continental-D -Diamond Fibre Corp., New- 
e 
Damen Tool & Engineering Co., Inc., 
Chicago, IIl. 

*Danielson Mfg. Co., Danielson, Conn. 
Eagle Tool & Machine Co., Hillsi Iside, N.J. 
Ferriot Brothers, Inc., Akron, Ohio 
General Machine & Tool Works, Inc., 

Walled Lake, Mich. 
Halogen Insulator & Seal Corp., Frank- 
lin Park, Ill. 
Hughes Plastics, Inc., St. Joseph, Mich. 
—— Engineering Service, S. Easton, 
ass 
*L _— Tool & Machine Co., Irvington, 


N.J. 

*M & N Modern Hydraulic Press Co., 
Inc., Clifton, N.J. 

Metalmasters, Inc., Chicago, IIl. 

*Midland Die & Engraving Co., Frank- 
lin Park, Ill. 

Modern Tool & Die Co., Inc., Leomin- 
ster, Mass. 

Mojave Die & Engraving, Los Angeles 

Moldcraft, Inc., Baltimore, Md. 

Newark Die Co., Newark, NJ. 

*Newark Die Hobbing & Casting Co., 
Newark, N.J. 

New England Die Co., 
Mass. 

Norco Plastic Inc., Milwaukee, Wis. 

Plastic Mold Tool & Die Co., Inc., E. 
Rutherford, N.J. 

Plastics-Tool Engineering Co., Hacken- 
sack, N.J. 

Presco Plastics, Milwaukee, Wis. 

Primas Moldmakers, Inc., Buffalo, N.Y. 

Process Mold Co., Detroit, Mich. 

Reinhold-Geiger Plastics, Inc., Los An- 

Ross, 


geles, Calif. 
Milton, Metals Co., The, South- 
ampton. Pa. 
*Sierra Electric Corp., Gardena, Calif. 
*Standard Tool Co.. Leominster, Mass. 


Stricker-Brunhuber Corp., New York 
Zapf, Charles, & Co., Evanston, III. 


Inc., Taunton, 


METALIZING 


A. Flexible plastic film 

B. Rigid plastic sheets 

C. Molded plastic prod- 
ucts (such as novel- 
ties, closures, etc.) 


Aacon Industries, Brooklyn, N. Y. (B, C) 
Acme Laminating & Plastics Co., Inc., 
Detroit. Mich. (B) 
Adams Plastic Products, Cincinnati, (C) 
*Akron Presform Mold Co. # Cuyahoga 
Falls, Ohio (C) 
a Plastics Supply Corp., New York, 


Aled’ Resins Inc., Conneaut, Ohio "(B) 
All Purpose Roll Leaf Corp., ro 
N.J. 


* Indicates Advertiser 


’ 
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American Metalizing Corp., New You, 


N.Y. 
*Amos Molded Plastics Div., Amos- 


Thompson a Edinburg, Ind. (B, C) 


Avsco, Inc., Ex 

Brutier Products Co » Inc., ucus, N.J. 

Campro Co., The, Canton, Ohio (C) 

Clear View Plastics Corp., Poplar ss 
Mo. 


Coating Products, Inc., Englewood, Ny 
Cohan Epner Co., Inc., New York, N 3 


*Connecticut Plastic Products Co., Inc. 
Waterbury, Conn. (C} 

Consolidated [Electrodynamics Corp. 
Rochester, N.Y. »C} 

Continental Can Co., Inc., She 
Betner Div., Mt. Vernon, Ohio 


Cuevas Bile Mfg. bo ar po Ill. {c) 


Co., Cleveland Ohio 
Process Co., Inc., The, Brook- 
lyn, N.Y. 


Elcone Metalizing, New York, N.Y. (C) 
Electric-Auto-Lite Co., Bay City, _ 
Electrochemical Industries, Inc., Worces- 
ter, Mass. (C 
*Erie Resistor Corp., Erie, Pa. (A, B, C) 
Eyelet Specialty Div., International ’sil- 
ver Co., Waterbury, a. (C) 
General Machine & Tool Works, Inc. 
Walled Lake, Mich (C 
Gomar Mfg. Co., Inc., Linden, N.J. (A) 
Hafleigh & Co., Buchanan, Va. (C) 
Hastings & Co., Inc., Philadelphia, » 


’ A, 
Hughes Plastics, Inc., St. Joseph, a 
Hy-Sil Mfg. Co., Revere, Mass. (A, B) 
Ideal Plastics, Hollis, N.Y. (C 
J. B. Products Corp., Chicago, Ill. (B, C) 
Jamison Plastic Corp., N. Bellmore, a 


Kent Plastics Corp., Evansville, Ind. (C) 
*Lincoln Molded Plastics Inc., Circleville, 


Ohio (Cc 
MacDonald Mfg. Co., New Baltimore, 
fich. (C) 
Metallic Plastics Corp., Long Island City, 
N.Y. 
Metaplast Process Inc., 


or Springs, Mo. (C) 


Woodside, N.Y. 


Mica Corp., The, Culver City, Calif. (B) 
Midland Coatings, Inc., aaa 
Minn 
*0tienen, Corp., Belton, S.C. 
Mitchell Plastics, Inc., Owosso, Mich. 
National Metallizing Corp., Washington, 


D.C. (A, B) 
*National Plastic Products Co., = 
Odenton, Md. 
New Plastic Corp., Los Angeles, Cale 
Norco Plastic Inc., Milwaukee, Wis. (C) 
Nosco Plastics, Inc., Erie, Pa. (C) 
*Owens-Illinois Glass Co., Toledo, = 


Parco Co., Newark, N.J. (C) 
as Scientific Corp., Great Neck, 


N.Y. 
Planet Plating Co., Inc., Brooklyn, N.Y. 
Plastic Art Metallizing Corp., Brooklyn, 
N.Y. Cc 
Plastic Decorating Corp., Brooklyn, N.Y. 


Plastic Engineering Co., Pawtucket, a 
Plastic Inlays, —~ hee N.J. (B,C) 


Plastiplate Co., , South River, MA. 

Platecraft, Inc., Los Angeles, Calif. (C) 

Premier Vacuum Process Corp., Mech 
N.Y. 

Piston Corp., New York, N.Y. (A, B) 

Ross, Milton, Metals Co., The, South- 


ampton, Pa. (9) 
*Santay Corp., Chicago, III. (C 


Seder Plastic Corp., Collins, Colo. 
Sinko Mfg. & Tool Co., Chicago, Il. 0 
Sierracin Corp., The, Burbank, Calif 
Sprague-Martin Vacuum Plating 
Inc., ay ag N. J. a 
Stimsonite Div. .» Elastic Stop Nut Con 
ration of America, Chicago, we 
*Swedlow Plastics Co., Los Angeles, 


Trivac Co., Los Angeles, Calif. a 
20th Century Plastics Co., Chicago, [I] 


© 

Vac-Art, Inc., Bay City, Mich. 
‘ensan etalizing Corp., Long 1d 
City, N.Y (A, C) 
Vacuum Plate Corp., Culver City, Calif 


Vitex Plastics, New York, N.Y. ff 


MODEL MAKERS 
A Son & Die Co., Inc., Manchester, 


ae My Presform Mold Co., Cuyahom 

s 

Alda Plastics Inc., New York, N.Y. 

— te & Stamping Co., Buf. 
0, 


Allied’ Plastics Supply Corp., New York, 


Ph Mfg. Co., El Monte, Calif. 
Almac Mfg. Co., Rosemead, Calif, 
Almor Plastics Corp., Bronx, N.Y. 
—— Agile Corp., Maple Heights 


Ameriplastic Co., The, Flint, Mich. 

Amston Plastic Engineering Corp., An 
ston, Conn. 

a ~ Plastic Products Co., Inc., Cleve 
and, Ohio 

— Associate Engineers, New York, 


Artag Plastics Corp., Chicago, IIl. 
Atkins & Merrill, Inc., S. Sudbury, Mass. 
Atlantic Mfg. Co., Philadelphia, ms 
Atlas Plastics, Inc., Little Ferry, N_J. 
Axel Plastics Research Laboratories, 
Brooklyn, N.Y. 
Bacon & Weber, Chicago, IIl. 
Barradas, George, Glenville, Conn. 
Ber-Design Associates, Irvington, NJ. 
Bergen — & Engineering Co., Little 


Ferry, N.J. 
Senet waaay } es Corp., Long 
Island City, N.Y. 
Berton Plastics, Inc., New York, N.Y. 
“—— Molding Co., Inc., Addison, 


Borkland Laboratories, Marion, Ind. 

Bricmar Mfg. Corp., New York, N.Y. 

Budd, John, Co., Eastford, Conn. 

#Cadillac Plastic & Chemical Co., Detro 

ic 

Campro Co., The, Canton, Ohio 

Carolina Plastics Co.. Charlotte, N.C. 
Products Co., The, Dallas, Texas 

Chaney Plastic Molding Co., Denver, 


Colo. 
*Chemical Development Corp., Danvess 


Mass. 

Classic Studio, New York, N.Y. 

Conn-Craft Co. Waterbury, Conn. 

Consolidated Plastics & Mfg. Co., Chi 
cago, Ill. 

Contour Plastic Molding, Inc., 
apolis, Minn. 

Cowan Boyden Corp., Providence, Rl 

Curry Arts Molding & Laminating Co. 
Scranton, Pa. 

Damac Tool Co., Bronx, N.Y. 

Damen Tool & Engineering Co., Inc, 
Chicago, Il. 

*Danielson Mfg. Co., Danielson, Cons. 

Darling, L. A., Co., Plastic Div., Cold- 
water, Mich. 

Darr, Harold W., Associates, 
apolis, Minn. 

Del Model Builders, Columbus, Ohio 


Minne 


Minne- 





Deskey, Donald, Associates, How. a 
— Beck - it co, ae, BS 
ectric-Auto- y 
Electroformex Co. Bay City, Mich 
ass. 
*Engelking Patterns, Inc., Columbus, Ind. 
Engineered P Plastics, Inc., Gibsonville, 


Euclid Engineering Co., Inc., Upland, 


Ca 
Evans-Zeier Plastic Co., Madison, Wis. 
Fawn Plastics Co., Inc., ‘deo os Md. 
Ferriot Brothers, inc., Akron, 
General Machine & "Tool Won Inc., 
Walled Lake, Mich. 
Gershen, Irvin j. Maplewood, N.J. 
Gibson Associates, Inc., Cranford, N. Ny. 
Gore, Fred M., Industrial Design, 7 
Texas. 

*H.M.S. Associates, Willow tag Pa. 
Halsen Mfg. Co., Philadelphia, P 
Har-E-Dan Engravers, Brooklyn, ‘NY. 
High Strength Plastics Corp., Chi 

Ill. 


cago, 
Hughes Plastics, Inc., St. Joseph, Mich. 
Hunton Plastics Co., Englew N.J. 
Industrial Sales Engineers, New Yo 
Jalce Tool Co., pares N.Y. 
Jamison Plastic Corp., Bellmore, N.Y. 
Jupiter Plastics, Inc., Pittehiela Mass. 
Just Plastics Inc., New York, N.Y. 
Konkel, Andrew C., Sherman Oaks, 
Calif 
Keck, Henry, Associates, Pasadena, Calif. 
Kerrco Products, Lincoln, Neb. 
*Kingman, E. B., Co., Inc., Leominster, 
Mass. 
Rie; | Eaghanteg Co., Los Angeles, 
Cali 
ae, George J., & Son, Philadelphia, 


bee John, Co., The, New York, N.Y. 

L & P Tool Co., Cincinnati, Ohio 
Lami-Plast Products Co., Tampa, Fla. 
Libbert Tool & Die, Fort Worth, Tex. 
Lustra-Cite Industries, Inc., Brooklyn, 


N.Y 
Metalmold Forming Co., New York, N.Y. 
Mitchell’s, L.D., Plastic Studio, Pitts- 
burgh, Pa. 
Modern Designers, Hialeah, Fla. 
Modular Molding Corp., Burlington, N,J. 
— Die & Engraving, Los Angeles, 
ull 
Naken, Wm., Los Angeles, Calif. 
Nalle Plastics, Inc., Austin, Texas 
a, R. A., Pattern Co., Milwaukee, 
IS, 
7“ England Die Co., Inc., Taunton, 
iss 


ge Tool and Mfg. Co., Wenonah, 


Nored Plastic Inc., Milwaukee, Wis. 

Nexth Star Industries, Inc., Hopkins, 
finn. 

Paragon Plastic Corp., New York, N.Y. 

Pearson-Sutton Corp., Newtown, Bucks 
County, Pa. 

Plastic Model Co., Van 
Nuys, Calif. 

Plastic Service Corp., New York, N.Y. 

Plastic Service Corp., Laporte, Ind. 

Plastic Tooling Aids Laboratory, Bridge- 
port, Conn. 

Plastics By Chapman, Berkeley, Calif. 

Plastics By Hoover, Huntington, W. Va. 

Plastics, i oaslanet, & Fabrics, Inc., Chi- 
cago, 

Pins Mr 3 Engineering Co., Hacken- 
sac I J 

Plura Plastics, Maplewood, N.J. 

Portz Plastics & Fibre Co., Milwaukee, 

ones Plastics, Milwaukee, Wis. 

Production Aid, Inc., Middletown, Ky. 

srogre ssive Tool & Die Co., Worcester, 

Ss. 


Reinhardt Plastics Co., Denver, Colo. 
® Indicates Advertiser 


Engineering 


any —— =. , Il. 
ae Plastics, Inc., Walled Lake, 


Rhodes, Philip H, & Associates, Cincin 
Rochelle Plastic Mold Co, Inc., Clifton, 
a Product Design, Leominster, 


we. Plastics .» Pawtucket, R.I. 
Ross, Milton, M Co., The, South- 
ampton, Pa. 
S.K.W. ie Co., Chicago, Til. 
ym 2: Chi cago, Til. 
Foundry attern Corp., Chi- 
cago, Ill 


Schaake, A. J., Co., St. Paul, Minn. 


Schnur-Appel, Union, N a 
Schramm Fiberglass Inc., Chi- 


cago, Ill. 

*Sierra Electric Corp., Gardena, Calif. 
Singer, Lawrence H., New Yo rk, N.Y. 
Sinko Mfg. & Tool Co., Chicago, Til. 
South Salem Studios, South Sa em, N.Y. 
Southeastern Sales Corp., St. Petersburg, 


Fla. 
*Standard Tool Co., Leominster, Mass. 
Stensgaard, W. L., and Associates, Inc., 
Chicago, Ill 
Stricker-Brunhuber Corp., New York 
Stricker, Carl, Bloomfield, N.J. 
Superior Plastics, Inc., Chicago, IIl. 
Sylv — Electric Products Inc., Parts 
, Warren, Pa. 
Technicraft Co., Boston, Mass. 
Trans-Matic Plastics Co.. Chicago, Ill. 
Triana, Rafael, New York, N.Y. 
United Die Models, Inc., Chicago, II. 
Vacuum Plastics Corp., Columbus, Ohio 
Vavrick, Louis, Rossford, Ohio 
Voges Mfg. Co., Ozone Park, N.Y. 
ted Companies, Inc., Waterbury, 
onn. 
Welch Plastics & Mfg. Co., Inc., Colum- 
bus, Ohio 
Wills, John A., & Co., Pasadena, Calif. 


MOLD MAKERS 


A. Beryllium Copper 
B. Aluminum 

C. Ferrous Metals 
D. Plastics 


ABA Tool & Die Co., Inc., Manchester, 


Conn. (A, B, C) 
*Ace Tool & Mfg. Co., Newark, N.J. (A) 
*Akron Presform Mold Co., Cuyahoga 
Falls, Ohio (D 
Akromold, Inc., Akron, Ohio (A, B, C) 
Almor Plastics Inc., Bronx, : (A) 
Amston Plastic Engineering Corp., Am- 

ston, Conn, (D) 
Atkins & Merrill, Inc., S. Sudbury, Mass. 


(D) 
Atlantic Mfg. Co., Philadelphia, Pa. (D) 
Atlas Plastics, Inc., Little Ferry, N.J. (A) 
Axel Plastics Research Laboratories, 
Brooklyn, N.Y. (B, D) 
Baxter Co., The, Cincinnati, Ohio (D) 
Ber-Design Associates, a, N.J. 
A, B, D) 
Bergen Mold & Engineering Co., * Little 
Ferry, N. (A 
Bernard. Plastics Molding Corp., Long 
Island City, N.Y. (A) 
Berton Plastics, Inc., New York, N.Y. (D) 
Bo-Mer Mfg. Co., Inc., Auburn, N.Y. (D) 
Bondy Engineering Co., Brooklyn, wit 
A 


) 

Borkland Iaboratories, Marion, Ind. (D) 
Brilhart Plastics Corp., Mineola, N.Y. (D) 
Budd, John, Co., Eastford, Conn. (D) 
Burlington Molding Corp., Burlington, 
N.C. (D) 


Buttondex Corp., New York, N.Y. (A) 
Chaney Plastic Molding Co., Denver, 
Colo, (A) 


a Development Corp., Dan a 
Gee Fiber Glass Co., wt on 
Calif. 


*Chili Plastics Inc., N. Chili, N.Y. said + 
Cowan Boyden Corp., Providence, R.I. 


(a, C) 
Care M. A., & Co., eS 


(B, C 

Damac Tool Co., Bronx, N.Y (A, D 

Damen Tool & Engineering * We 

Chicas‘o, Ill. (A, C 

*Danielson Mfg. Co., Danielson, ~; © 

*Devcon Corp., Danvers, Mass. Re 
DuBois Plastic Products, Buffalo, 


>) 
Dura Plastics of New York, New York, 


N.Y. 
Electroformex Laboratories, —- 


Mass. 
*Engelking Patterns, Inc., Columbus, Ind. 


> 


Evans-Zeier Plastic Co., Madison, Wis 
reer, Prodotti Termoplastici, ven 


*Federal Tool Corp., Chicago, Ill. (A, D) 
Ferriot Brothers, Inc., n, Ohio 

(A, B, C) 

si ae Products Inc., Midland Park, 


N.J. 
*General Industries Co., Elydia, Ohio 


General Machine & Tool Works, Inc. 

Walled Lake, Mich. (A, B, C) 

Gulliksen, W. M., Mfg. Co., Newton 

Lower Falls, Mass. (A) 

*H.M.S. Associates, Willow Grove, Pa. (D) 

~_ Strength Plastic Corp., Chicem®, 
I 


Industrial Engineering Service, S. a 
fass. 

Joliet Plastic, Inc., Joliet, Ml. (D) 

Jupiter Plastics, Inc., Pittsfield, — 


Just Plastics, Inc., New York, N.Y. (D) 
Kellering, Victor, Inc., Brooklyn, 1 N.Y. 


A, B, C) 

Kerrco Products, Lincoln, Neb. 
A, B, C, D) 
Klisey Engineering Co., Los Angeles, 


alif. B, C) 
Kreier, George J., & Som, Philadelphia, 
Pa. D) 
Kunst, John, Co., 


The, New York, N.Y. 
A, B, C, D) 
Lawrence Adhesive & Chemical Co., 
Inc., Lawrence, Mass. (D) 
Majestic Molded Products Inc., New 
York, N.Y. (A, B) 
Manco Products, Inc., mamma | “ 
Many, J., & Co., New York, N.Y (A) 
Metalmold Forming Co., New York, N.Y 


D) 

Midwest Pressure Casting Co., ame 
Ill. (B 
Modular Molding Corp., Burlington, wd. 


Mojave Die & Engraving, Los Angeles, 
Calif. (C) 
Monaplastics, Inc., Georgetown, Com. 
D 


National Plastics, Inc., Knoxville, Tenn. 


Newark Die Co., Newark, N. J. 
*Newark Die Hobbing & Casting Co., 
Newark, N. J. 
New Plastic Corp., Los Angeles, oe. 
North Star Industries, Hopkins, 
Minn. 


Nu-Engineering, Inc.,. Ferndale, aa 


Inc., 


Oak Engineering Co. Inc., Gloucester 
City, N. J. , B, C, D) 
Paragon Plastic Corp., New York, Ni 





Pearson-Sutton Corp., Newtown, Bucks 
County, Pa. (B, C) 
Pitman Plastic Products, Inc., Pitman, 
N. J. (D) 
Plastic Enterprises, College Point, NS 
D 
Plasticrafters, Inc., Cicero, Ill. (D) 
Plastic Industries, inc., Athens, Tenn. (D) 
Plastic Mold & Die Co., Inc., E. Ruther- 
ford, N. J. (A) 
Plastic Rotocast Co. » Gicoge, Ill. (B) 
Plastic Service Corp., La aporte, Ind. 
(A, B, C, D) 
Plastic Tooling Aids Laboratory, Bridge- 
port, Conn. (D) 
Plastic Toys Corp., Byesville, Ohio (A) 
Plastics-Tool Engineering Co., a. 
sack, N. J. 
Plastiplate Co., South River, N. J. tA} 
Plasti-Skill Co. Corona, N. Y. (D) 
Plastronic Engineering Co., Marlborough, 
Mass. 


Portage Plastics Co., Inc., Portage, ‘DS 
D 

Precision Plastic Products, Inc., Chicago, 
Ill. B, D) 
Precision Plastics Co., Philadelphia, 


Process Mold Co., Detroit, Mich. (A, B) 
Product Engineering & Development Co., 
Hopkins, Minn. (B) 
Reinhardt Plastics Co., Denver, Colo. (B) 
Ren Plastics, Inc., Lansing, Mich. (D) 
Reynolds Plastics, Inc., Walled Lake, 
Mich. B, D 


( 
— Plastic Mold Co., Inc., Clifton, 


(A) 
Rosbro Plastics, Pawtucket, R. I. (A) 
Ross, Milton, Metals Co., The, South- 
ampton, Pa. (A, C, D 
S.K.W. Mfg. Co., Chicago, IIl. (D) 
*Santay Corp., Chicago, Ill. (D) 
Sarcol Foundry & Pattern Corp., Chi- 
cago, Ill. (B, D) 
Sinko Mfg. & Tool Co., Chicago, tll. (D) 
Seder Plastic Corp., Fort —, . 
D 
Shamban, W. S., & Co., Culver City, 
Calif. (D) 
Shaw Process Development Corp., Div. 
— — Corp., Port wane. 
Leominster, 


A, C) 
sonar Tool Co., 
(A, B, C) 


sf 

Stensgaard, W. L., and Associates, Inc. 
Chicago, Ill. D 
Sterling Plastics Co., Union, N. J. (A) 
Stimsonite Div., Elastic Stop Nut Cor- 
poration of America, Chicago, Ill. (A) 
Strabeg Machine Co., Bronx, N. Y. (A) 
Stricker-Brunhuber Corp., Me Pig 
N. Y. C, D) 
Superior Plastics Inc. Chicago ur (A, B) 
Tri-State Plastic Molding Co., Hender- 
son, Ky. (B, D) 
Trentenatte Machine Mfg. Corp., New 
York, N. Y. (B, D) 
United Mask & Novelty Co., Inc., Glen- 
dale, N. Y. (B, D) 
United Tool Co., Bridgeport, Conn. *(D) 
Vacuum Plastics "Corp. ., Columbus, Ohio 


Wal-Mar Plastics, Inc., Torrance, Calif. 


(D) 
Waterbury, 


Conn. (D) 

*Windsor, R. “ys Ltd., Chessington, Sur- 
England 

Zapf, Charles, & Co., Evanston, Ill. (A) 


*Waterbury Companies, Inc., 


MOLD MAKERS, ELECTROFORMING 
ABA Tool & Die Co., Inc., Manchester, 


Conn. 

*Akron Presform Mold Co., Cuyahoga 
Falls, Ohio 

Bart Mfg. Corp., Belleville, N. J. 


* Indicates Advertiser 


*Jay, T.V., 


—— Engineering 


*General 
General Machine & Too 


bag 9 Laboratories, Inc., Brooklyn, 


Damen Tool & Engineering Co., Inc., 
Chicago, Ill. 
Electroc 


emical Industries, Inc., Wor- 
cester, Mass. 
Laboratories, Franklin, 


a? ~ eae 

wisctaeenin, Inc., Los Angeles, Calif. 

Electromold Corp., Trenton, N. J. 

Hartland Plastics, Inc., Hartland, Wis. 

Co., Chicago, Ill. 

Kunst, John, Co., The, New York, N. Y. 

Oak Engineering Co., Inc., Gloucester 
City, N. J. 

ar s Plastic Products, Inc., Atlanta, 


hPtocet Plating Co., Inc., Brooklyn, N. Y. 


Plastiplate Co., Inc., South River, N. J. 


Co., Milwaukee, 
Rethurdt Plastics Co., Denver, aX 


*Ringler-Dorin, Inc., New York, N. 


Rochelle Plastic Mold Co., Inc., Clifton, 


N. J. 

Sinko Mfg. & Tool Co., Chicago, Ill. 
Stimsonite Div., Elastic Stop Nut Cor- 
poration of America, Chicago, 

Stokes-Trenton Inc., Trenton, N. 

Superior Plastics, Inc., Chicago, 

Timely Products Co., "Des Moines, "lowa 

Ultra ee & Mfg. Co., Pit- 
man, N. J. 

Zapf, Charles, & Co., Evanston, IIl. 


MOLD MAKERS, METAL SPRAYING 


*Akron Presform Mold Co., Cuyahoga 


Falls, Ohio 
Bricmar Mie. a New York, N. 
Darling, L. A., 


> Plastic Div., Sold 
water, Mich. 


Kunst, John, Co., The, New York, N. Y. 
Metalmold Forming Co., New York 
— Plastic Products, "Inc., Pitman, 


N. J. 
Reinhardt Plastics Co., Denver, Colo. 
Schori Process Division of Ferro-co 
Corp., Long Island City, N. Y. 
South Salem Studios, South Salem, N. Y. 
Summit Industries, Inc., Gardena, Calif. 
Tico Plastics Inc., New York, N. Y. 


MOLD MAKERS, REINFORCED 
PLASTICS 
a 7g he Molded Fiberglass, Paterson, 
Atkins & Merrill, Ine., S. Sudbury, Mass. 
Atlas Plastics, Inc., Buffalo, N 
Ber-Design Associates, rag 
Chemical gg & Engineering Co., 


Axel Plastics Research Pies ories, 
Brooklyn, N. Y. 

Chance, W. R., & Associates, Inc Walk 
dorf, Md. 

Inc., Media, P: 


*Chemical Dovcheniat Corp., Danvers, 


Pc at Fiber Glass Co., 


El Monte, 
Calif. 


*Chicago Mold Engineering Co., Inc., 


Hillside, Ill. 
Costs, M. A., & Co., Inc., New York, 


Damac Tool Co., Bronx, N. Y. 

Damen Tool & Engineering Co., Inc., 
Chicago, Ill. 

Darling, L. A., Co., Plastic Div., Cold- 
water, Mich. 

Eagle Tool & Machine Co., Hillside, N. 

hs ag Products, Inc., ‘Midland Park, 


J Industries Co., Elyria, Ohio 
Works, Inc., 
Walled Lake, Mich. 


Harstil Industries Co., St. Clair Shores, 
Mich. 


High Strength Plastics Corp., Chicago, 


Kellering, Victor, Inc., Brooklyn, \. y, 
Kerrco Froducts Lincoln, N. Neb. 


» & Son, Philadelphia 


Kunst, ohn, Co., The, some Sark, N.Y 
Lamt Plost Products Tampa, Fly. 
Lunn Laminates, Inc., Huntington Sta- 
tion, N. Y. 
Lustra-Cite Industries, Inc., Br oklyn, 


N. 
Metalmold Forming Co., New York 


Micjoscll, Ltd., London, England 
Molding Corp., Burlington, 


N. J. 
National Plastics, Inc., Knoxville, Tenn, 
Nelson, R. A,, Pattern Co., Milw iukee, 


Wis. 
Nook Die Coe Newark, N. J. 
a Plastic, Milwaukee, Wis. 
Oak ‘Engineering Co., Inc., Gloucester 
City, N. J. 
— Plastic Products, Inc., 


N. J. 
Plasticrafters, Inc., Cicero, Ill. 
Plastic omg Aids Laboratory, Bridge. 
port, Co 
Lc erage ra Corona, N. A . 
Plastics, Inc., Lansing, Mic 
es Plastics, Inc., "Walled Lake, 
Mic 
Schori Process Div. of Ferro-Co. Com, 
Long Island City, N. Y. 
— ieee Products, Inc., Chi- 


Schule Ri Richard O., Co., Elmwood Park, 


Fan Industries, Inc., Franklin, Pa. 
*Sierra Electric Corp., ‘Gardena, C Jalif. 
ae ‘Corp., New York, 


pa, * Industries, Inc., Gardena, Calif, 
United Die Models, Inc., Chicago, Ill. j 
Wal-Mar Plastics, Inc., Torrance, Calif. 
Winner Mfg. Co., Inc., Trenton, N. J 
Zapf, Charles, & Co., Evanston, III. 


Pitman, 


MOLD MAKERS, RUBBER 


(See also Bags, vacuum and 
pressure, Supplies) 


*Akron Presform Mold Co., 
Falls, Ohi 

Axel Plastics Research Laboratories, 
Brooklyn, N. Y. 

Bricmar Mfg. Corp., New York, N. Y. 

Chemical Coatings & Engineering Co. 
Inc., Media, Pa. 

*Clifton Hydraulic Press Co., 


N. J. ' 
Continental ann Engineering Co., New 
York, N 
Cuming, a A., & Co., Inc., New York, 
N. Y. 


Cuyahoga 


Clifton, 


Custom Engineering Co., Erie, Pa._ 
Duramic Inc., New York, 
N. Y. 


Service, 5 
Easton, Mass. 
Kerrco Products, Lincoln, Neb. 
Kreier, George J., & Son, Philadelphia, 
Pa. 


unst, Co., The, New York. N.Y 
= seost, Sie, Co, edee Tec, Pitman, 


N. J. 
Plastics— Tool Engineering Co., 
sack, N. J. 
Plasti-Skill Co., Corona, N. Y 
Product Engineering '& Development 
Co., Hopkins, Minn. 
Reynolds Plastics, Inc., Walled Lake, 
Mich. 
Seder Plastic Corp., Fort Collin: Colo 
Stricker-Brunhuber Corp., New \ ck 
Summit Inc., Garden Calif 
Trans-Matic Plastics Co., Chic: 


Hacken- 








tk, 


lif 
Ill 
lif. 


hia, 


\an, 


MOLD MAKERS, STEEL 


ABA Tool & Die, Manchester, Conn 
4, S. K. Mfg. Co., Philadelphia, Pa. 
+ \ce Tool & Mfg. Co, Newark, N. J. d 
Adams Plastic Products, Cincinnati, 
Ohio 
*Akron Presform Mold Co., Cuyahoga 
Falls, Ohio 
Akromold, Inc., Akron, Ohio 
Allied Engravers Inc., New York, N. Y. 
Allied Manufacturing Co., Seattle 
Allied Plastic Mold, Ine., ig. 
Almor Plastics Inc., Bronx, N. Y. 
Anderson Die & Mig. Co ., Portland, Ore. 
xAnson Tools & Gages, Inc., Erie, Pa. 
*Artag Engineering Corp., Chicago, eng 
Atlantic Mfg. Co., Philadelphia, P 
Atlas Plastics, Inc., Little Ferry, N. 4. 
*xAtols Tool & Mold Corp., Chicago, Ill. 
Avsco, Inc., Excelsior Springs, — 
Beel Engineering Co., Newark a ie 
Be — _ & Engineering Co., ittle 
erry N 
stlactieals Molding Co., Inc., Addison, 
Ill. 
Bondy Engineering Co., Brooklyn, N. Y. 
Brilhart Plastics Corp., Mineola, N. Y. 
me «a Molding Corp., Burlington, 
N. 


neil Corp., New York, N. 

*xByrd Plastics, Inc., Erie, Pa. 

Caco, Inc., Pomona, Calif, 

Cary Products Co., The, Dallas, Texas 

Chaney Plastie Molding Co., Denver, 
Colo. 

o—s Fiber Glass Co., El Monte, 
Calif. 

*Chicago Mold Engineering Co., 
Hillside, Ill. 

Chili Plastics Inc., N. Chili, N. Y. 

Claremould Plastics Co., Newark, od 

*Clifton Hydraulic Press Co., Cc m, 


N. J. 

Continental Mold Engineering Co., N. Y. 

Contour Plastic Molding, Inc., Minne- 
apolis, Minn. 

*Cook, a H., Inc., E. Providence, 
R, 


Inc., 


se an S ee Corp., Providence, R. I. 
— Machine & Tool Co., Fort Worth, 
ex, 
Cruver Mfg. Co., Chicago, Tl. 
*Custom Engineering » Erie, Pa. 
Damac Tool Co., Bronx, N. Y 
Damen Tool & Engineering Co., Inc., 
Chicago, IIl. 
*Danielson Mfg. Co., Danielson, Conn. 
oats 2, Machine & Tool Co., Clifton, 


Diemolding Corp., Canastata, N. Y. 
Dominion Plastics Co., Colonial Heights, 


Va 
E oe Tool & Machine Co., Hillside, N. J. 
—_ Development Co., Van Nuys, 
ill 
Enduro a & Engineering Co., Chi- 
ago, I 
*Engelking Patterns, Inc., Columbus, Ind. 
a Engineering Co., Inc., Upland, 
ull 
Evans-Zeier Plastic Co., Madison, Wis. 
Fawn Plastics Co. Inc., ’ Timonium, Md. 
*Federal Tool Corp., Chicago, 4 
Ferriot Brothers, Inc., Akron, Ohio 
Fertne sy Mfg. Co., Inc., Newark, N. J. 
Gabriel Mfg. Co., "Haverstraw, N. Y. 
Garray Plastics Co., Inc., Kearny, N. J. 
*General Industries Co., Elyria, Ohio 
General Machine & Tool Works, Inc., 
Walled Lake, Mich. 
Gibbs Mfg., Berkeley, Calif. 
Gibson Associates, Inc., Cranford, N. J. 
Gougler, C. L., Machine Co., Kent, Ohio 
Guild Molders, Inc., Elmford, N. Y. 
Gulliksen, W. M., Mfg. Co., Newton 
Lower Falls, Mass. 


* Indicates Advertiser 


H&R ve eg i, von 
t. Josep i 
Hydro. Molding Moldine Co., Inc., Plattsburgh, 


Foti Devices, Inc., Edgewater, 

—— Engineering Service, S. Easton, 
ass. 

Jalce Tool Co., Brooklyn, N. Y. 

Johnson Glass & Plastic Corp., Chicago 

Johnson Mfg. oe Chippewa, Wis. 

Joliet Plastic, Inc., ” Joliet, Ill. 

eS Victor, Inc., Brooklyn, N. Y. 

Kerrco Products, Lincoln, Neb. 

King Designers, Detroit, "Mich. 

Klisey Engineering Co., Los Angeles, 


Kunst, John, Co., The, New York, N. Y. 
— Tool Co., Inc., Leominster, 


Libbor Tool & Die, Fort Worth, Tex. 
ry Tool & Machine Co., Irvington, 


*Lor- EL Co. Joey ay. yy 
MacDonald “Mfg. , New Baltimore, 
ich 
Mack, John, & L - Molded Products, 
Inc., Chica ago, 1 
Majestic Mo led Products, N. ¥., ee 
Many, J., & Co., New York, N. Y. 
es = chelli Celluloide, S. p. A., Varese, 


taly 
Morden Molded Plastics Inc., Meriden, 


Conn. 
*Midland Die & Engraving Co., Frank- 
lin Park, Ill. 
Mitchell Plastics, Inc., Owosso, Mich. 
Modern Designers, Hialeah, Fla. 
Modern Plastic Co., Los Angeles, Calif. 
Modern Tool & Die Co., Inc., Leomin- 
ster, Mass. 
ar Die & Engraving, Los Angeles, 


Moldcraft, Inc., Baltimore, Md. 
Moldmakers, Inc., Peru, Ind. ~ 
Nalle Plastics, Inc., Austin, Tex. 
National Plastics, Inc., Knoxville, Tenn. 
Newark Die Co., Newark, N. J. 
*Newark Die Hobbing & Casting Co., 
Newark, N. J. 
New England Die Co., Inc., Taunton, 
Mass. 
New. Plastic ., Los Angeles, Calif. 
Newton Tool & Mfg. Co., Wenonah, N. J 
Norco Plastic Inc., Milwaukee, Wis. 
*Northwest Plastics, Inc., St. Paul, Minn. 
Pet yr or ewe Inc., Ferndale, Mich. 
a ee Co., Inc., Gloucester 
ity, N. 
Oakley Die & Mfg. Co., The, Cincin- 
nati, Ohio 
Omco. Plastic Mld., Fremont, Ind. 
Parker Plastics Corp., Pittsburgh, Pa. 





wr Plastics, Inc., New Market, 
N. J. 
Pearson-Sutton Corp., Newton, Bucks 
County, Pa. 


Peerless Plastics, Culver City, Calif. 
— Mold & Tool Co., Philadelphia, 


a. 

Plastic Mold Tool & Die Co., Inc., E. 
Rutherford, N. J. 

Plastic Moldings Corp., Cincinnati, Ohio 

Plastic Processing Co., Flint, Mich. 

Plasticrafters, Inc., Cicero, Til. 

Plastic Service Corp., Laporte, Ind. 

Plastic Toys Corp., Byesville, Ohio 

Plastics—Tool Engineering Co., Hacken- 
sack, N. J. 

Plura Plastics, Maplewood, N. J. 

Polymold Plastics, Inc., Chicago, Ill. 

= Plastics & Fibre Co., Milwaukee, 


Precision ion Mold & Polishing Co., Roan- 
oke 

Presco Plastics, Milwaukee, Wis. 

Primas Moldmakers, Inc., Buffalo, N. Y. 
Process Mold Co., Detroit, Mich. 
Queen Products, Inc., Providence, R. I. 









Rainbow Plastic Products, Inc., Minne- 
apolis, Minn. 
Plastic Co., Los Angeles, Calif. 
Rayette, Inc., St. Paul, Minn. 
Reinhardt Plastics Co., Denver, Colo. 
Reinhold-Gei - a Plastics, Inc., Los An- 
geles, Cali 
Richard Button Co., Roosevelt, 


N. J. 
Robbins, Jim, Co., Royal Oak, Mich. 
ae Plastic Mold Co., Inc., Clifton, 


N. J. 
Rosbro_ Plastics Corp., Pawtucket, R. I. 
anager = Alfred A., New York, N. Y. 
Ross, _, Metals Co., The, South- 
ampton 
S.K.W. Mis. Co., Chicago, Ill. 
*Santay Corp., Chicago, Ill. 
Sinko Mfg. & Tool Co., Chicago, Ill. 
— Richard O., Co., Elmwood Park, 


Siotentades & ag G.m.b.H., Nurn- 
berg, W. Germ 

Seder Plastic ied Fort Collins, Colo. 

Shaw Industries, Inc., Franklin, Pa. 

Skyline Industries, Titusville, Pa. 

Southeastern Plastics, Inc., Portsmouth, 


Va. 
Southern Tool Mfg. Co., Inc., Winston 
Salem, N. C. 
Sperzel Co., Minneapolis, Minn. 
—— Tool & Die Co., Inc., Spring- 
eld, N. J. 

*Standard Tool Co., Leominster, Mass. 
Sterling Plastics Co., Union, N. 
Stimsonite Div., Elastic Stop Nut Cor- 

poration of America, Chicago, II. 
Stokes-Trenton, Inc., Trenton, N. J. 
Stabeg Machine Co., Bronx, N. Y. 
Stricker-Brunhuber Corp., New York 
Sun Plastic, Inc., Cuyahoga Falls, Ohio 
Superior Plastics, Inc., Chicago, ill. 
Sylvania Electric Products Inc., Parts 

Div., Warren, Pa. 

*Tilp, J. G., Inc., Union, N. J. 

Tech-Art Plastics Co., Morristown, N. J. 

Terkelsen Machine Co., Boston, Mass. 

ee Plastic Molding Corp., Wallingford, 
onn. 

—— Iron Works Co., Cleveland, 

io 
Voges Mfg. Co., Ozone Park, N. Y. 
Welch Plastics & Mfg. Co., Inc., Co- 
lumbus, Ohio 
Wess a Molds, Inc., New Hyde 

Park, 

Western Soll & Electrical Co., Racine, 


Wis 
Zapf, Charles, & Co., Evanston, II. 


MOLD POLISHING (Only) 
ABA Tool & Die Co., Inc., Manchester, 


nn. 
Acme Scientific Co., Chicago, Ill. 


*xAkron Presform Mold Co., Cuyahoga 
Falls, Ohio 
Beel Engineering Co., Newark, N. J. 


Bondy Engineering Co., Brooklyn, N. Y. 

Chaney Plastic Molding Co., Denver, 
Colo. 

Chromium Corporation of America, New 


York, N. Y. 
Laboratories, Franklin, 


Electroformex 
Mass. 

General Machine & Tool Works, Inc., 
Walled Lake, Mich. 

Hake Mfg. Co., Inc., Roanoke, Va. 

Industrial Engineering Service, S. 
Easton, Mass. 

King Designers, Detroit, Mich. 

Micron Specialties Co., Chicago, IIl. 


*Mirrolap Co., Chicago, Ill. 
Mold Polishing Service, Riverdale, N. J. 
Moldcraft, Inc., Baltimore, Md. 
New England Die Co., Inc., Taunton, 
Mass. 
Norco Plastic, Inc., Milwaukee, Wis. 
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samen Chrome Corp., W. Hartford, 

onn. 

Plastic Mold Tool & Die Co., Inc., E. 
Rutherford, N. J. 

Plastic Processing Co., Flint, Mich. 


~~ Engineering Co., Hacken- 
Precision sane & Polishing Co., Roan- 


oke, 
Rochelle Plastic Mold Co., Inc., Clifton, 
S.K.W. Mfg. Co., Chicago, IIl. 

Seder Plastic Corp., Fort Collins, Colo. 
Stokes-Trenton, Inc., Trenton, N. J. 
Voges Mfg. Co., Ozone Park, N. Y. 
Zapf, Charles, & Co., Evanston, Ill. 


PERFORATING PLASTIC SHEETING 


Aacon Industries, Inc., Brooklyn, N. Y. 
Acme Laminating & Plastics Co., Inc., 
Detroit, Mich. 


Allied Plastics Supply Corp., New York, 


N. Y. 
American Hard Rubber Co., Div. of 
Amerace Corp., Butler, N. J. 
Bo-Mer Mfg. Co., Inc., Auburn, N. Y. 
*Carroll, J. B., Co., Chicago, IIL. 
Crystalx Corp., Lenni Mills, Pa. 
*Emeloid, Co. Inc., The, Hillside, N. J. 
Harrington & King Perforating Co., The, 
Chicago, Ill. 
Industrial Plastic Fabricators, Norwood, 
Mass. 
Jacobson, S. L., Mfg. Co., Chicago, Ill. 
Jupiter Plastics, Inc., Pittsfield, Mass. 
Ke - Co. , The, Polyken Div., Chicago, 


Laminated Sheet Products Corp., Nor- 
wood, Mass. 

*Madan Plastics, Inc., Cranford, N. J. 
Maynard Plastics Co., Salem, Mass. 
Metallic Plastics Corp., Long Island 

City, N. Y. 
Perforated Specialties, New York, N. 
*Pe 5 ae Industries, Inc., Roselle Pak. 


Plastics By Chapman, Berkeley, Calif. 
*Sillcocks-Miller Co., The, Maplewood, 
N. J. 
Shoe Form Co., Inc., Auburn, N. Y. 
Thombert, Inc., Newton, Iowa 
U.S. Acoustical Laboratories, Inc., Long 
Island City, N. Y. 


PLATING MOLDS, RAMS AND PLATES 
(HARD CHROMIUM) 


Acme Scientific Co., Chicago, IIl. 
* Akron Presform Mold Co., Cuyahoga 
Falls, Ohio 

Bart Mfg. Corp., Belleville, N. J. 

Chromium C oe of ‘America, New 
York, N. 

Cohan ¥ ats Co., Inc., New York, N. Y. 

Damen Tool & ‘Engineering Co., Inc., 
Chicago, II. 

Diamond Hard Chromium Co., 
Newark, N. J. 
*Erie Resistor Corp., Erie, Pa. 
Fabrite Metals Corp., Brooklyn, N N. Y. 
General Machine & Tool Works, Inc., 
Walled Lake, Mich. 

Goughler, C. Z Machine Co. 
Ohio 

Har-Conn Chrome Co., 
ford, Conn. 

Industrial Engineering 
Easton, Mass. 

= Hard Chromium Co., 


Inc., 


, Kent, 
The, W. Hart- 

Service, _ S. 
Newark, 


Micron Specialties Co., Chicago, IIl. 
Nutmeg Chrome Corp., W. Hartford, 
Conn. 
Plastiplate Co., Inc., South River, N. J. 
*Plating Engineering Co., Milwaukee, 
Wis. 
* Indicates Advertiser 
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*Carroll, J. B 


*Continental-Diamond Fibre 


*Amos 


Process Mold Co., Detroit, Mich. 
US. as. Coatings Co., Inc., Middl 
sex, N. J. 


POSTFORMING 
(of Laminates) 


Aacon Industries, Inc., Brooklyn, N. Y. 

Acme Laminating & Plastics Co., 
Detroit, Mich. 

Allied Plastics Supply ang New York 

Atlas Plastics, Inc., 


*Cadillac Plastic & re ere Co., Detroit, 


Mich. 
Co., ya , Til 
Chemtron Fiber Glass Co » El Monte, 


Calif. 
ooleriten Plastics, Inc., Boston, Mass. 
Corp., New- 


ark, Del. 
Curbell, Inc., Buffalo, N. Y. 
Durable Plastics Co., Inc., Seattle, bi 


*Emeloid Co., Inc., The, ’ Hillside, N Be 


Emerson Plastics Corp., Bronx, N. Y. 
Fabri-Form Co., Byesville, Ohio 


*Engineered Plastics, Inc., Gibsonville, 
N 


; 

General Plastics Mfg. Co., Tacoma, 
Wash. 

Gladwin Plastics, Inc., Atlanta, Ga. 

Insulating Fabricators of New England, 
Inc., Watertown, Mass. 

Jupiter Plastics, Inc., Pittsfield, Mass. 

Laminated Sheet Products Corp., Nor- 
wood, Mass 

Malco Plastics, Inc., Baltimore, Md. 

Modular Molding Corp. a Burlington, ay 

National Vulcanized Fibre Co., 
mington, Del. 

Northern Plastics Corp., LaCrosse, Wis. 

Plastic Industries, Inc., Athens, Tenn. 

Plastics, Laminates, & Fabrics, Inc., Chi- 
cago, Ill. 

Portage Plastics Co. Inc., Portage, Wis. 

Premier Plastics Co., Milwaukee, Wis. 

Reveasts Plastics, Inc., Walled Lake, 
Mich. 

Robinson, a & Rubin, Inc., New 
York, N. Y 

St. Regis Pa er Co., Panelyte Div., N. Y. 

Southern Plastic Products Co., Riviera 
Beach, Fla. 


*Swedlow Plastics Co., Los Angeles, Calif. 


Wal-Mar Plastics, Inc., Torrance, C 
Westinghouse Electric Corp., Micarta 
Div., Hampton, S. C. 


Woodall Industries, Inc., Detroit, Mich. 


PRINTING 


. Flexible plastic film and sheeting 
. Rigid plastic sheets 

. Finished plastic products (such as 
bottles, novelties, etc.) 


Aacon Industries, Inc., came N. Y. 

(A, B, C) 

Accurate Gold Stamping Co., Inc., New 

York, N. Y. ‘B, C) 

Acme Laminating & Plastics -~" pine. 
Detroit, Mich. 


*Acromark, Co., The, Elizabeth, N. * ha 


Allegheny Plastics, Coraopolis, Pa 
Allied ees & Stamping Co., Buf- 
falo, , a C) 
an - Pinetics Supply Corp., New York, 
Y. A, B, Cc) 
duds Arts, New York, N. ¥. 


(A, B, $} 

Ameriplastic Co., Flint, Mich. (A, B, C, 
Molded Plastics Div., _ 
Thompson Corp., Edinburg, Ind. (C) 
Aquador Plastics, Inc., Brooklyn, AN 4 


A, C) 
Art Decorating Co., Inc., N. Wg: 
N 


% (B, 
Art Plastics Mfg. Co., Los Angeles, Calif. 
(A, B, C) 


Amos- . 


Bro-Dart Industries, Newark, N. J. a3 
ve Molding Co., 


Burlington Molding Corp., Buslinge 


(¢ 
oun Co., The, Canton, Ohio (C 
Canadian General-Tower Ltd., 
Ont., Canada (A) 
Canton Containers, Inc., Canton, Ohio 


Carolina Plastics Co., Charlotte, n.@ 


*Carroll, J. B., Co., Chicago, I. * 
a te Price Tag Mfg. Co., Chi . 


Coating Products, Inc., Englewood, Ny 


(A) 
Colvin-Friedman Co., Springfield, N. J. 


Continental Can Co., Inc., Shellmar- 
Betner Div., Mt. Vernon, Ohio (A) 
Continental Extrusion Corp., Brooklyn, 


N. Y. (A) 
Continental Plastics of Oklahoma, Okl- 
homa City, Okla. (C) 
*Cosom Engineering Corp., a 
Minn. (C) 
Crystalx Corp., Lenni at Pa. (A) 
Curbell, Inc., Buffalo, N. (B) 
Dobeckmun Co., The, Div. ‘of The Dow 
Chemical Co., Cleveland, Ohio 
Dura-Lee Corp., Kansas City, Mo. 
Electric-Auto-Lite Co., Bay City, -_ 


*Emeloid Co., Inc., The, Hillside, N. J. 


Falls Hollow Staybolt Co., Cuyahoga 
Falls, Ohio (Al 
Farrington Texol Corp., Walpole, Mee 


*Foster Grant Co., Inc., 
ices Div., New York, N. Y. 
General Machine & Tool Works, Inc, 
Walled Lake, Mich. 
*General Tire & Rubber Co.’s Bolta Prod- 
ucts Div, The, Lawrence, Mass. (A, B) 
General Tire & Rubber Co., Marion, . 
diana 
Glass, Maks H., & Brothers, Inc., New 
York, N. Y. (B) 
Glassoloid Corp. of America, re 
Gooden Products Corp., Englewon 


N. J. 
Hale and Kullgren, Akron, Ohio (A) 
Hampden Mfg. Co., Inc., Palmer, Me) 


Harte & Co., Inc., New York, N. Y. (A) 
Hays Mfg. Co., Erie, Pa. (B) 
*Hopp Plastics, New York, N.Y. (A,B) 
Industrial Sales Engineers, New Yor 


N. 
Insulating Fabricators of New Englan 
Inc., Watertown, Mass. iG 
Jamison Plastic Corp., N. Bellmore, N. Re 


Joliet Plastic, Inc., Joliet, Ill. (C) 
Jupiter Plastics, Inc., Pittsfield, Mass. (B) 


Kaumagraph Co., Wilmington, Del. 3.0 


Kehr Products Co., Philadelphia, Pe a) 
Keystone Packaging Service, Easton, A 


Leathertone, Inc., Boston, Mass. (A, B) 
Lermer Plastics, Inc., Garwood, N fi (C) 
Long, Thomas % Inc., Carle Pl, NE 
Lusteroid Container Co., Inc., Marie 
wood, N. J. S ( 

MacDonald Mfg. Co., New Baltinas, 


Mich. 
*Madan Plastics, Inc., Cranford, N. J. B) 





Se SH SLI PPL SS lstsP SI SL2 L203 09P- 3 


Se Se — ee — 


Malco Plastics, Imc., Baltimore, Md. 
A, B, C) 
Mankato Paper Box Co., Mankato, Minn. 


B) 
Marbek, Inc., Brooklyn, N. Y. (A) 
Maynard Plastics Co., Salem, Mass. (A) 
Metalibe Plastic Corp., Long Island “Bi 
, 4 
Milgsiat, Inc., Milwaukee, Wis. 
Mitchell Plastics, Inc., Owosso, Mich. (C) 
Molded Products, Inc., Los Angeles, 
Calif. (C) 
Monaplastics, Inc., Georgetown, Cor. 
Motson, J. Frank, Co., Flourtown, Pa. 


» C) 
Norco Plastic, Inc., Milwaukee, Wis. (C) 
Northern Plastics Corp., LaCrosse, Wis. 


(A 
Paragon Plastic Corp., New York, N. Y. 


Parker Plastics Corp., Pittsburgh, Pa. (C) 
Pearson Industries, Long Island .— 
N. Y. (A, B 
Permacel- +t heed s, Inc., New Bruns- 
wick, N. J. C) 


Piast-Ad Mfg. Co., South Bend, Ind. 


(A, B, C) 


Fatty Art Metallizing Corp., Brooklyn, 
suai Decorating Corp., Brooklyn, N. Y. 


Plastic Embedments Co., Inc., Attle- 
boro, Mass. (A, 4 
Plastic Service Corp., New York, N. 
. (A B) 
Plastics By Chapman, Berkeley, Calif. 


B) 
Plaxall, Inc., Long Island City, N. Y. (C) 
Plura Plastics, Maplewood, N. J. (C) 
.— Plastic ucts, Inc., Paterson 


N. J. ( 
Polytex Corp., New York, N. Y. (A) 


toe Plastic Products, Inc., Chtoege, 
I 


(A, B a 
Premier Plastics Co., Milwaukee, Wis. 


Presco Plastics, Milwaukee, Wis. 

oe ag og A York a, 'By 
nton Corp., New 

Production Aid, Inc., Middletown’ Ky. 


Protective Lining Corp., Brooklyn, N. Y. 
(A) 
Ridge Printing Co., Inc., Ridgefield, N. i; 


Riegel Paper Corp., New York, N. Y. A 
Roltex » Roselle, N. J. 
Rondale Co., Inc., The, Roselle, N. J. (A 
Ross, Milton, Metals Co., The, South- 
ampton Pa. (B, a 
Ross & Roberts, Stratford, Conn. (A 
Royal Mfg. Co., Inc., Prescott, Ariz. (C) 
Roysons, Inc., edar. Grove, N. J. __(A) 
—_ piastie Fabrics Corp., Brooklyn, 


A 
Seder *Plastic Corp., Fort Collins, Co 6 
— Co., The, Magione, 
Sinko Mfg. & Tool Co., Chicago IIl. © 
Southern Plastic Products Co., Riviera 
Beach, Fla. ye 
Sperzel Co., ener gg Minn. Cc 
Springfield Fabricators, Inc -» Sp 
N. B 
Superior Plastics, Inc., Gins, S 
nO Plastics Co., » Homers 
Thomas, Charles W., Philadelphia, Pa. 
Timely Products Co., Des Moines, ares 


Topflight Corp., York, Pa. wat 
Trimount Plastic . Inc., Arlington 


Mass 
US. _U.S. Radium Corp., Morristown, N. J. ) 
* Indic icates Advertiser 


*Gering 
*Hlolland, M 
Ind 


United Laminations, Inc., Mayfield, 7 
Lar -~ soyememaae Corp. The, e 
New York, N. Y 
Virginia .» New York, N "y, x ® 
Vogel Mfg. Co., The, Bridgeport, Conn. i 
Cc 
W. E. W. Container Co., Brooklyn, N. +f 
at ge Print Works, Inc., Trenton 


Wessel Stanley, & Co., Chicago, Ill. (B 
Willson Camera Co. Inc., Havertown, Pa. 


Windman Bros. Los Angeles, Calif. @ 
PULVERIZING 


Allied Resins, Inc., Conneaut, Ohio 
foe Plastic Materials, Inc., Brooklyn, 


mn. 
Velveray 


yew. Molding Powder & Chemical 


Corp., Brooklyn, N.Y. 


Bamberger, Claude P., Inc., Ridgefield 
Park, N. 


Blum, Peak: Co., Buffalo, N.Y. 
Columbia Pulverizing Corp., Elizabeth, 


N.J. 
Cooke Color & Chemical Co., Hacket- 
town, 


J. 
Danberg Chemical Co., Wallingford, 


dEHolbend, M. “a & » Chicago, Ill. 


Co., Inc., New York 
., Lambertville, N.J. 
3 a, Inc., Erie, Pa. 
Liquid Nizogen Processing Corp., Ches- 
ter, Pa 
Oppenheimer Corp., Buffalo, N.Y. 
Reed Plastics Corp., Worcester, Mass. 
Schulman, A., Inc., Akron, Ohio 
Shuman, Philip, & Sons, — N.Y. 
Sperzel Co., Mi i 
“ou -Union Fibre Co., Philadelphia, 
a. 


RECLAIMERS, PLASTIC MATERIALS 


Aceto Chemical Co., Inc., Flushing, N.Y. 
Adell Plastics, Inc., "Baltimore, M 

Allied Resins, Inc., Conneaut, Ohio 
Alpha Chemical & Plastics Corp., New- 


ark, N.J. 
inn. Plastic Materials, Inc., Brooklyn, 


*American Molding Powder & Chemical 


Corp., Brooklyn, N.Y. 

American Pulverizer Co., St. Louis, Mo. 
American Pyroxylin Corp., Arlington, NY, 
net Claude P., Inc., Ridgefield 
Bloomingdale Rubber Co., ae, Md. 
Blum, Paul, Co., Buffalo, N a 4 

Bonwitt, Dr. G. L., New York, N.Y. 
Carver Corp., The, S. Boston, Mass. 
= — & Chemical Co., Hacket- 


N.J. 
Danbers Chemical Co., Wallingford, 


zo an, ed, NW Co in “ “Chio 

m City yton, 

P Inc., Kenilworth, N.J. 

Chica , IL 
etuchen, N.J. 


ustrial Plastic Co 


*Interplastics Corp., ONow York, N.Y. 


L & P Tool Co., Cincinnati, Ohio’ 
Lamb Pl inc., Lambertville, N.J. 
D., Plastics, Inc., Erie, Pa. 
Marine Plastics, Inc., Clinton, M Mass, 
Maynard Plastics Co., Salem, Mass. 


*Muehlstein, H., & Co. Inc., New York, 
rd, Conn. 


oe 

penheimer 

Poly-cell Plastics Co x 
— Scrap M a Rochester, 


Rayin Plastics Co., Brooklyn, N.Y. 
*Reed Plastics Corp., Worcester, Mass. 


Riverdale Plastics & Chemical Corp., 
Culver City, Calif 


Rudd Plastic Fabrics Corp., Brooklyn, 


N.Y. 
Sch ., Inc., Akron, Ohio 
Sh nie & Sons, Buffalo, N.Y. 
S 7 -Union Fibre Co., Philadelphia, 
a. 


Superior Plastics, Inc., Chicago, II. 
U.S. Plastic Products Corp., Metuchen, 


NJ. 

Western Plastic & Rubber Co., Rich- 
mord, Calif. 

*Woloch, George Co., Inc., New York, 


N.Y. 
Zenner, Justin, Chicago, Il. 


RESIN PULP AND FIBER PROCESSORS 


Allied Resins, Inc., Conneaut, Ohio 
Bonwitt, Dr. G. i. New York, N.Y. 
General Fibre Co., ” St. Louis, Mo. 

Oppenheimer Corp., Buffalo, N.Y. 


SILK SCREEN MAKERS, SUPPLIERS 


Aacon Industries, Inc., Brooklyn, N.Y. 
Ambassador Arts, New York, N.Y. 
Ameriplastic Co., The, Flint, Mich. 
Art Decorating Co., Inc. N. a N.J. 
Bricmar Mfg. Corp. ., New York, N 
Products Co., The, Dallas, a 
*Como Plastics Inc., Columbus, Ind. 
*Conforming Matrix Cams Toledo, Ohio 
Dec-Art Process Co., , Bronx, N.Y. 
— Plastics of New rok New York, 
N.Y. 


Finish Engineering Co., Inc., Erie, Pa. 

General Machine & Tool ‘Works, Inc., 
Walled Lake, Mich. 

Jodee Plastics Co., Brooklyn, N.Y. 

— Engraving Co., Inc., Bronx, 


N.Y. 
“eens Products Co., Philadelphia, 


Plast-Ad Mfg. Co., gay Bend, Ind. 
Plastic Industries, Inc Athens, Tenn. 
Plastic Service Corp., New York, N.Y. 
eg By Hoover, Huntington, W.Va. 
Poser, J., & Co., New York, N.Y. 
Precision Plastic Products, Inc., Chicago, 


Pyramid Screen Corp., Brookline, Mass. 
Royal Mfg. Co., Inc., Prescott, Ariz. 
Screen-O-Printer Mfg. Co., Adams, Mass. 
South Salem Studios, South Salem, N.Y. 
Stensgaard, W. L., and Associates, Chi- 
cago, Il. 
Superior Plastics, Inc., Chicago, Il. 
Thomas, Charles. W., Philade phia, Pa. 
Ulano Products Co. ieciion, N.Y. 
Vavrik, Louis, Rossford, Ohio 
Windham Brothers, Los Angeles, Calif. 


SLITTING, CUTTING, SHEETING 
PLASTIC FILM 


Acme Laminating & Plastics Co., Inc., 
Detroit, Mich. 
Allied Plastics Supply Corp., New York, 
N.Y. 
*Barron, J. E., Plastics, Inc., Cincinnati, 
Ohio 


Blacher, B., New York, N.Y. 
Bonwitt, Dr. G. L., New York, N.Y. 
Bro-Dart Industries, Newark, N.J. 
ae Plastic & Chemical Co., Detroit, 
ich. 
Canton Containers, Inc., Canton, Ohio 
Cm Slitting Service, Inc., New York, 


*Coating Products, Inc., Englewood, N.J. 
i age Textile Slitting Co., New York, 


Continental Can Co., Inc., Shellmar- 
Betner Div., Mt. Vernon, Ohio 
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Crook, William A., Co., Inc., Watertown, 
Mass. 
Crystalx Corp., Lenni Mills, Pa. 
*Danielson Mfg. Co., Danielson, Conn. 
oT Joseph, Plastics Co., Arlington, 


*Fabrico Mfg. Corp., Chicago, IIl. 
Forbes Products Corp., Rochester, N.Y. 
General Plastics ay Marion, Ind. 
Gomar Mfg. Co Linden, N.J. 
Greenfield, David $4 Bronx, N.Y. 
H&R Industries, Nazareth, Pa. 


Insulating Fabricators of New England, 


Inc., Watertown, Mass. 
Jacobson, S. L, Mfg. Co., Chicago, Ill. 
Jodee Plastics Co., Brooklyn, N.Y. 
Jupiter Plastics, Inc., Pittsfield, Mass. 
Kaufman Glass Co., Wilmington, Del. 
Liberty Cutting Die Co., New York, N.Y. 
Printon Corp., New York, N.Y 
Protective Lining Corp., Brooklyn, N.Y. 
Ridge Printing Co., Inc., Ridgefield, N.J. 
*Sandman, Eli, Co., Worcester, Mass. 
Thomas, Charles W., Philadelphia, Pa. 
Thombert, Inc, Newton, Iowa 
*Transilwrap Co., Chicago, Ill. 
Tronomatic Machine Mfg. Corp., New 
York, N.Y. 
Wellington Print Works, Inc., Trenton, 
NJ. 


SLUSH MOLDING 


Aacon Industries, Inc., Brooklyn, N.Y. 
*Akron Presform Mold Co., Cuyahoga 

Falls, Ohio 

Atlas Plastics Inc., Buffalo, N.Y. 

Axel Plastics Research Laboratories, 
Brooklyn, N.Y. 

Bonwitt, Dr. G. L., New York, N.Y. 

Bricmar Mfg. Corp., New York, N.Y. 

Chemical & Engineering Associates, 
Upper Darby, Pa. 


* Indicates Advertiser 


Flexible Products Co., Marietta, G: 

International Plastic Co., New York, N.Y. 

Kusan, Inc., Nashville, Tenn. 

L & P Tool Co., Cincinnati, Ohio 

Munray Products Div., The Fanner Mfg. 
Co., Cleveland, Ohio 

Pasley’ s Plastic Products, Inc., Atlanta, 
Ga. 


Reinhardt Plastics Co., Denver, Colo. 
Summit Industries, Inc., Gardena, Calif. 


TESTING LABORATORIES 


*Akron Presform Mold Co., Cuyahoga 
Falls, Ohio 
Airconductors, Gardena, Calif. 
Axel Plastics Research Laboratories, 
Brooklyn, N.Y. 
Bonwitt, Dr. G. L., New York, N.Y. 
Chemical & Engineering Associates, 
Upper Darby, Pa. 
Cincinnati Testing & Research Labora- 
tories, C. T. L. Inc., Cincinnati, Ohio 
Colburn Laboratories, Inc., Chicago, Ill. 
Davies, Helen, & Associates, New York, 
N.Y. 


Desert Sunshine Exposure Tests, Phoe- 
nix, Ariz. 

Electric-Auto-Lite Co., Bay City, Mich. 

Entoleter Div., Safety Industries, Inc., 
New Haven, Conn. 

nae Pressed Steel Corp., Fostoria, 
Ohio 

“ate & Robertson, Inc., Richmond, 


ween Plastics, Inc., Los Angeles, Calif. 
Garan Chemical Corp., Gardena, Calif. 
Gaynes Engineering Co., Chicago, Il. 
Kohnstamm, H., & Co., ‘Inc., New York, 
N.Y. 
= omy A., Laboratories, New Or- 
eans, 
Inc., Everett, 


Manton Gaulin Mfg. Co., 
Mass. 
Maynard Plastics Co,, Salem, Mass. 


— nana Laboratories, Inc., Ip; swich, 
Pats Testing Laboratories, Des Mi ines, 


lowa 
Pelmor Laboratories, Inc., Newtown, Py, 
Plas-Tech Equipment, Waltham, Mass, 
Plastic Service Corp., New York, NE 
Ren Plastics, Inc., Lontieg. Mit i 8 
— a Laboratories, Inc., New. 
ar 
Rhodes, Philip H., & Associates, Cip. 
cinnati, Ohio 
Skeist & Schwarz Laboratories, Inc, 
Newark, N.J. 
*South Florida Test Service, Miami, Fl, 
=— Raymond B., Los Angeles, 


Technical Research Institute, Pasadena, 
TESTING OF PLASTICS, RADIATION 
Applied Radiation Corp., Walnut Creek, 
Angeeee National Laboratory, Lemont, 
Budd Co., Cleveland, Ohio 


Cook Electric Co., Skokie, Il. 
General Electric X-Ray Div.; Milwaukee, 


Wis. 
Hi Neag Engineering Corp., Bur 


inland "Lee ‘Testing Laboratories, orton 
Grove, IIl. 
Martin Co., The, Baltimore, Md. 
Materials Testing Reactor, Arco, Idaho 
Michi —? University of, 
Mic 


Ann Arbor, 


mate Seen, Inc., Long Island 
City, N 
Rensselaer Polytechnic Institute, Troy, 


Stanford Research Institute, Men!o Park, 
Calif. 





CONVERTERS AND PROCESSORS 


The following personnel and equipment directories are designed to be as 
complete as possible on the basis of available information submitted by the 
companies themselves. Listings are alphabetical and geographical, by state. 





CUSTOM MOLDERS AND EXTRUDERS 


C—Compression; E—Extrusion; I—Injection; T—Transfer; CM—Cold Molding 





ALABAMA 


°Decatur Plastics, Inc., Decatur (D 

Injection machines: 4-3 oz.; 2--12 oz.; 1— 
16 oz. 

Pres., Sls. Mgr. & Pur. Agt.—M. E. Hickson 

e Pres.—W. J. Williams and H. H. Hunter 


ARIZONA 
"Royal Mfg. Co., Inc., Prescott 


ection machines: 5— "4 to 8 oz. 
— sion machines: 11—-2% to 4%” 


(I, E) 


CALIFORNIA 


*aaRBee Plastic Co., Los Angeles (D 
Injection machines: 10—2 to 24 oz. 
res., Treas.—R. B. Gutsch 
int Mgr.—Eugene Gablehouse 
ef Eng.—J. B. Potoczky 


*Aerojet General Corp., Structural Plastics 
Div., Azusa (C, T, .E) 
Compression presses: 1-20 ton; 1-35 

1—45 ton; 2—50 ton; 1—200 ton; 
ton; 1—680 ton 
Transfer presses: None—can do transfer molding 
f glass molding compounds in 200- and 
300-ton presses 
ion machines: None—can co extrusion 
lding of “CPC” (Compound Polyvinyl 
pride ) 
D. A. Kimball 
Mgr.—E. L. Rucks 
( Mer. Customer Relations—W. L. Gore 
Div. Mgr. Customer Relations—J. F. Wechsler 
gt.-L. Pell 


1-800 


“All idin Plastics, Ine., Los - 


machines: 5—8 oz.; 
16 oz.; 3-20 to 28 oz.; 
Sam Avedon 
Pres., Treas., Sls. Mgr.—Harry Avedon 
Prod.—John Taylor 
\gt.—_Fred Berman 


4 


Pres. 


*Alm ac Mfg. Co., El Monte (i, T) 
tion machines: 2—16 oz.; 1—12 oz.; l— 
Zz. 
r Presses: 1-300 ton; 2—150 ton; 3— 
)} ton 
ers: Herbert M. Langton and Alex J. 


sdy 


“American Molding Co., San enh 
C, I, T,E) 
sion presses: 9—40 ton to 150 ‘ton 
machines: 6—2 oz. to 12 oz. 
presses: 3—100 ton to 150 ton 
n machines: 3—2%” to 3%” 
W. D. Love, Jr. 
Mer.—Harry Peet 
\gt.—E. B. Mellor 
f Eng.—John Robb 
‘cs own tool room 


s Advertiser 


( 


Art Plastic Mfg. Co., 
Compression presses: 3 
Injection machines: 3 

Pres.—R. R. Conell 
Vice Pres.—Henry Conell 
Sls. Mgr.—Frank Brown 


Los Angeles (C,1) 


Automatic Plastic Molding Co., Berkeley 
Compression presses: 1-180 ton; 2-78 ton; 
1—50 ton; 5—35 ton; 2—30 ton 
Injection machines: 4—4 to 6 oz.; 
16 oz. 
Transfer presses: 
250 ton 
Pres.—Forrest Englehart 
Vice Pres., Sls. Mgr.—A. J. Carlson 
Pur. Agt., Shop Supt.—Forrest Barnes 


1-12 to 


1-15 ton; 1-150 ton; 1— 


Chemtron Fiberglass Co., El Monte (CM) 
Couroc of Monterey, Monterey (C) 
Compression presses: 2—300 ton; 1—200 ton; 
1—150 ton; 2—90 ton 
Pres.—Guthrie Courvoisier 
Secy., Treas.—Walter T. Johnson 


Delkay Plastics Corp., Gardena (I) 
Injection machines: 1—3 oz.; 1—4 oz.; 3—6 oz.; 
3—16 oz. 
Pres., Gen. Mgr.—Ed Favre 
Secy., Treas.—William Roper 


Eldon Mfg. Co., Los Angeles 
Compression presses: 18—50 to 350 ton 
Transfer presses: 14—50 to a0 ton 


(C, T) 


"Electro Development Co., Van Nuys 
Rs 
Injection machines: 1—2 oz.; 2—1 oz.; sb se 
Transfer presses: 1—10, 3—50, 1—30 ton 
Pres.—R, Vaccarello 
Vice Pres.—R. Vaccarello 
Pur. Agt.—M. Mishbein 


Gaylord. Plastics Inc., Santa Monica (C, T) 
: 1-10 ton, 1—75 ton, 3— 





85 ton 
Transfer presses: 1—3 ton, 1—10 ton, 3—12 ton 
Pres. & Sls. Mgr.—G. W. Main 
Vice Pres. & Pur. Agt.—H. P. Grimberg 


*Gibbs Mfg. Co., Berkele 7 (Cc, I 
Compression presses: 10— 800 tons 
Injection machines: 1—4 to 6 oz., 1-12 oz 

Pres.—James Gibbs 


Industrial Molding Corp., Culver City (I 
Injection Machines: 1—6 oz., 2—12 to 
20 oz. 


*Jet Specialties Co. Inc., Los Angeles 


Injection machines: 6—from 2 to 16 oz. 
Extrusion machines: 8—from 2” to 4%” 

Pres. & Sls. Mgr.—Lloyd W. Johnson 

Vice Pres. & Pur. Agt.—Malcolm S. Haywood 





Kennerley-Spratling, Inc., Berkeley 


Compression presses: 50 to 100 ton 
Injection machines: 8 to 16 oz. 
Transfer presses: 50 to 100 ton 
Pres.—Fred L. Kennerley 
Vice Pres.—J. H. Murphy 
Sec. & Vice Pres.—Ernest N. Spratling 
Treas.—R. W. Garrett 


*Kerr Industries, Burbank 
Extrusion machines: 2—3%”, 4—2%” 
Pres.—Douglas Winslow 


(E) 


*Kraloy Plastic Pipe Co. Inc., Los Angeles 


E 
Extrusion machines: 2—2%", 2 > 
Pres.—Arthur R. Gow 
Exec. Vice Pres.—Victor J. Haydel 
Vice Pres. & Sls. Mer.—Russell W. Johnson 
Pur. Agt.—B. Priess 


—3%", 


*Lee Deane Products Inc., a - Ln 
Compression presses: 20—from 50 to Ch tons 
Injection machines: from 4 to 6 oz. cap. 
Transfer presses: 20—from 50 to 350 tons 

Pres. & Gen’l Mgr.—J. Linn Rodgers 

Secy & Plant Supt.—Robert B. Caves 

Sales Mgr.—Roger F. Conant 


Marken Plastic Corp., Los Angeles 
Extrusion machines: 2—3%”, 2—2% 


Pres.—Andrew M. Martin. 
Vice Pres. & Sls. Mgr.—W. Sidney Aitken 
Pur. Agt. & Plant Supt.—Carl Anderson 


(E) 


*Modern Plastic Co., Los Angeles (D 
Injection machines: 3-16 oz., 1-12 oz., 2— 
8 oz., 1—6 oz., 1—4 oz. 
Pres.—George W. Van Vorst 
Vice Pres.—Kenneth F. Garraher, Sr. 
Sls. Mgr. & Gen’l Mgr.—Myron W. Plum 
Pur. Agt.—Ethel Wilson 


Molded Products Inc., Los Angeles (C, E) 
Compression presses: 4—150 ton, 2—100 ton 
Extrusion machines: 2” 

Pres.—Barton H. Thompson 


Monrovia Plastic Co. Inc., Monrovia (DID 
Injection machines: 2—12 oz., 1—4 oz. 
Pres.—Ray Swanson 
Sec. & Gen’l Mgr.—William R. Swanson 


*Mutual Plastic Mold Corp., South Gate 


Pres.—Erin J. Walsh 
‘Vice Pres.—Henry H. Lathrum 
Sls. Mgr.—Henry von Morpurgo 


*New Plastic Corp... Los Angeles (I, E) 
Injection machines: 3—12 oz 16 oz. 
Extrusion machines: n 

Pres., Gen. Mgr. & Treas.—J. Allen Carmien 
Vice Pres., Sales Mgr.—John W. Schmidt 
Pur. Agt.—V. M. Tennyson 





*Olympic Plastics Co., Inc., Los Angeles 
| (C, L, T) 
Compression presses: 21—from 50 to 500 ton 
Injection machines: 10—from 2 to 32 oz. 
Transfer presses: 4—to 300 ton 
Pres.—David Rome 


Peerless Plastics, Culver City (C, I, T) 
Compression presses: 1—500 ton, 1—350 ton, 
2—50 ton, 1-15 ton 
Injection machines: 2—1 oz., 
12 oz., 1-16 oz., 1—48 oz. 
Transfer presses: 1—350 ton, 2—50 ton 
Gen. Mgr.—Arthur Sugarman 


3-8 oz. l-— 


Plastic Age Company, Sau (C, T) 

Compression presses: 1—5 * 48 x 8&4, 
2—36 x 48, 175 ton, 1-18 x 150, 225 
ton, 4-12 x 12, 140 ton, 6-12 x 24”, 
160 ton 

Pres.—J. A. Kramer 

Plant Mgr.—Lawrence Green 

Sls. Mgr.—H. E. Renner 

Pur. Agt.—Adolph Kramer 


*Plastic Process Co. Div. of Monadnock 
Mills, Los Angeles (E) 
Extrusion machines: 8—1 to 4%” 

Pres.—E. E, Kotkin 


Plastics, Inc., Pasadena ® 
Pres.—Burton S. Dake, Jr. 


*Plastron Specialties Inc., Los Aposles (E) 


Extrusion machines: 3—2%" 
Pres. & Gen’l Mgr.—Henry . , ae 
Vice Pres. & Pur. Agt.—E. L. Messerli 
Sis. Mgr.—S. A. Martin 


*Randazzo Plastic Co., Los Angeles (I) 
Injection machines: 5— 1. 12 oz., 4—8 oz. 
Partners: Marco G. Randazzo, Marion G. 
Randazzo and Gus Rizzo 


*Reinhold Engineering & Plastics Co. Inc. 
Norwalk (C, T 
Compression presses: 8~7” 100 ton, 4—10” 

200 ton, 2—12” 250 ton, 2—14” 300 ton, 
2—16” 400 tons, 2—18” 750 ton, 1—19” 
800 ton 
Transfer presses: 3—4” 

Pres.—James P. Gruettner 

Vice Pres. & Chief Engineer—Robert L. Noland 

Sls. Mgr.—William H. Barner 

Pur. Agt.—H. J. Harris 


*Reinhold-Geiger Plastics Inc., Los 
Angeles (C, I, T) 
Compression presses: 39-100 to 4000 ton 
Injection machines: 7—1 to 3 oz. 

Transfer presses: 11—100 ton 
Pres.—Lisle Reinhold 
Vice Pres.—Harry Geiger 
Manager—E. A. Wanczuk 
Pur. Agt.—Jack Reinhold 


*Remler Company, San Francisco (C, I, T) 


Compression presses: 15—21 to 350 ton 
Injection machines: 2—8 to 16 oz. 
Transfer presses: 10—55 to 230 ton 
Pres.—R. C. Gray 
Pur. Agt.—S. E. Mohr 


Revell Industrial Div., Venice 
Injection machines: 15—2 oz. to 12 oz. 


*Roger Mfg. Co., Oakland 
Compression presses: 1—30 
1—75 ton 
Injection machines: 1—1 oz., 1—4 oz., 1-8 oz., 
1—16 oz. 
Pres.—A. J. Roger 


1-40 fon 


Capel Electric Corp., Gardena (C, 1, T, C T, CM) 
Injection machines: aad - .. oz. 


* Operates own tool room 
* Indicates Advertiser 





1146 


Transfer presses: 20—50 to 500 tons . 
Pres. & Sls. Mgr.—Lee T. Bordner 
Vice Pres.—James C. Prior 
Pur. Agt.—L. L. Landry 


*Southern California Plastic Co., Glendale 


Injection machines: 3—2 oz., 2—4 oz., 2—8 oz., 
2-12 to 16 oz. 
Pres.—Edward L. Kennedy 
Sls. Mgr.—Pat O’Brien 
Pur. Agt.—Cliff Young 


*Westland Plastics Inc., Los Angeles (I) 
Injection machines: 2— 18 OZ.» 4—12 oz., 1—- 
2 oz. 
Pres.—Fred Forsman 


Williams Mfg. Co. Inc., Anaheim (D 
Injection machines: 1—8 oz. 
Pres.—Reese Baker 
Vice Pres.—Kenneth Williams 
Sls. Mgr.—Ray N. Valind 


*Windman Brothers, Los Angeles (C, I, E) 

Compression presses: 20—75 400 ton 
Injection machines: 12—4 oz. a 20 oz. 
Extrusion machines: 1—2%” 

Pres.-Gen. Mgr.—Irving Windman 

Sales Mgr.—Murray Windman 

Pur. Dir.—Oscar Windman 

Production Mgr.—Fred Windman 

Tooling Supt.—-Sam Windman 

Tech. Advisor—Philfp Windman 


COLORADO 
*Chaney Plastic Molding Co., Denver 


Injection machines: 2—9 oz.; 2—6 oz. 
Pres., Sls. Mgr., Pur. Agt.—J. E. Chaney 


*Denver Plastic Inc., Golden (D 
Injection machines: 2—8 oz., 1—2 oz. 
Pres.—R. L. Millard 
Sls. Mgr.—Howard F. Kusserow 
Gen’l Mgr. & Pur. Agt.—Carl A. Gates 


Ingwersen Mfg. Co. Inc., Denver (D 
Injection machines: 1—16 oz., 2—6 oz., 1—4 oz. 
Pres. & Sls. Mgr.—T. E. Taplin 
Vice Pres. & Pur. Agt.—M. B. Hecox 


*Pikes Peak Plastics Inc., Colorado veh 


Compression presses: 2—20 ton 
Injection machines: 2-1 & 4 oz. 
Pres., Sls. Mgr. & Pur. Agt.—Egon W. G. 
Wieselmann 
Vice Pres.—Florence E. Wieselmann 


Reinhardt Plastics Co., Denver (C, I, T) 
Compression presses: 2—35 ton, 1-125 ton 
Injection machines: 1—1 ax. 2-2 oz., 1-4 

to 6 oz. 
Transfer presses: 1-35 ton 
Pres. & Sls. Mgr.—Henry R. Reinhardt 


*Rogers Plastic Béehiing, Des Denver t IG, IL, T) 


Compression presses: 

Injection machines: 1—1 oz. 

Transfer presses: 1—50 ton 
Owner—V. F. Rogers 


*Seder Plastic Corp., Fort Collins 


GULE) , E) 
Compression presses: 1—200 ton, 
1—85 ton, 15—20 ton, 3-15 ton 
Injection machines: 1—9 oz., 1-2% oz., 1— 
1 oz. 
Transfer presses: 3: 
1—35 ton 
Extrusion machines: l—up to 26” x 26” 
Pres., Sls. Mgr. & Pur. Agt.—John Gano Seder 
Vice Pres.—John Gano Seder, Jr. 


Yorker & Sons Sens Inc., Denver +4) 
Injection machines: 2—2 oz., 1—4 oz., 1—8 oz., 


1—200 ton, 1—50 ton, 


1-12 oz. 
Pres. & Pur. Agt.—Oscar B. Yorker 
Vice Pres.—Scott A. Gale 
Sls. Mgr.—Jack R. Pechman 


CONNECTICUT 


Atlantic ~~ Ry ine, 5 tamford 
5-12 oz.; 
an oz. 
Pres.—Joseph E. Benoit 
Vice Pres., Treas.—Neil S. Waterman 


“aopeet Moulded Products, Inc., Fair. 


Compression presses: 8-15 ton; 1 GRD 
8-100 ton; 5—300 ton 
Injection machines: 2—2 oz.; 2—4 oz.; 2-6 oz, 
4—8 oz.; 5—12 oz.; 2—16 oz.; 1-22 2.; 
1—28 oz.; 1-32 oz.; 1—48 oz.; 1-60 oz; 
1—200 oz. 
Transfer presses: 
4—200 ton 
Pres.—Lancaster P. Clark, Jr. 
Vice Pres.—Dan R. Neary, Edward A. Tyler 
Pur. Agt.—Martin A. Tristine 


14-50 ton; 13-150 ton; 


** Butterfield, T. F., Inc., a 
Compression presses: 37—100 ton; eb 
automatic; 1-125 ton automatic 
Injection machines: 4—8 oz.; 2—4 oz.; | 
Transfer presses: 7~—100 ton 
Pres.—C. E. Butterfield, I 
Vice Pres. & Sales Mgr.—Richard W. Van 
Riper, Jr. 
Pur. Agt. & Secy.—John F. McGroary 


—2 oz. 


*Connecticut Plastic Products Co., i 
Waterbury (i 
Injection machines: 12—2 to 16 oz. 

Pres. & Pur. Agt.—M. F. Sullivan 
Vice Pres.—C. J. Sullivan 
Secy. & Treas.—John F. Duer, Jr. 


*Danielson Mfg. Co., The, ~—. 


Injection Machines: 4—12 oz., 6—4 oz., 3 
8 oz., 3—2 oz., 2—1 oz., 2—% oz., 1—5 o2, 
Extrusion Machines: 2—1%"; 1—2%”; 1-3" 
Pres.—J. E. Holt 
Vice Pres.—_Wm. H. Chadbourne 
Sales: William McKinley—Engineering 
Sls. Mgr.—T. J. Natorski 
Pur. Agt.—E. E. LaFantasie 


*Engineered Plastics Inc., Watertown 


Compression presses: 4—50 ton; 2—115 ton; 
1—150 ton 
Transfer presses: 
150 ton 
Pres. & Treas.—Alexander L. Alves 
Vice Pres. & Sls. Mgr.—Ray L. Henderson 
Pur. Agt. & Chief Engineer—Robert S. Riley 


*Extruded Plastics, Inc., Norwalk (E) 
Extrusion machines: 2 


1-2%" 
Pres.—D. D. Jones 
Sls. Mgr.—M. S. MacGruer 
Pur. Agt.—Everett H. Palmer 


4—50 ton; 2-113 ton; l- 


Come Automatic Plastic Molding o 
B rt 
Hae = 8—2% to 4 oz. 


“Jessel Plastics, F Kensin on (E) . 


: 7-2” to 4%” 
oad ioe 3 R. Zisette 
Asst. Sls. Mgr.—E. J. McDonald 
Pur. Agt.—D. E. Hays 


*Lincoln Molded Plastics Inc., So. Nor- 
alk ) 


w 
Pres.—H. M. Jenkins 
Vice Pres. & Sls. Mgr.—R. G. Brown 
Mgr. & Pur. Agt.—Edw. Goldsmith 


*Meriden Molded Plastics Inc., Meri 
Compression presses: 41—from 10 to 1500 too 
Pres. & Vice Pres.—George C. Dickson 
Sls. Mgr.—John N. Campbell 
Pur. Agt.—W. J. Hall 


*Row 
Ext 
P 


V 
V 
I 


*Star 


Inije 
I 





*Monaplastics Inc., Georgetown 
Injection machines: 2-4-6-8-16 oz. 
Pres.—W. C. Monahan 
e Pres.-Sls. Mgr.—F. E. 
ur. Agt.-H. E. Sayers 


Monahan 


Plastic Molding Corp. Inc., at Hook 
T, CM) 

75—50 to oo” 4 6 auto- 

matic, 50-75 ton 

niection machines: 1—8 oz., 2—12 oz. 

ansfer presses: 25, 50 to 300 

Pres.—John W. Anderson 

\ Pres.—K. B. Smith 

-N. A. Freuden 

-W. A Lank 


npres sion presses: 


Sls. Maer. 
Pur. Agt 


Plas-Tube, Inc., Springdale, Conn. (I, E) 


Rich Plastics Products, Meriden (C, T) 
Compression presses: 40—15 to 150 ton 
Transfer presses: 6 

Pres., Treas.—Joseph Rich 

Sis. Mer. & Pur. Agt.—Daniel J. Rich 


°Rowland Products Inc. Kensington (E) 
Extrusion machines: 9, from 1” to 3% ," 
Pres. and Treas.—Hugh Rowland 
Vice Pres.—William P. Rowland 
e Pres. & Secy.—Thomas D. Hogan 
Pur. Agt.—Robert E. Randall 


*Stanley Chemical Co., E. Berlin (1D 
Injection Machines: 1—6 oz., 3—8 oz. 

Pres.—William H. Baldwin 

Vice Pres.—E. McKendree Hayden 


Stelray Products Inc., Shelton (I 
Injection machines: 2—8 oz., 3—12. oz. 
Pres., Sls. Mgr. & Pur. Agt.—R. R. Luben 
Vice Pres.—R. Wannagot 


"United Tool Co., Bridgeport (I) 
Injection machines: oz., 2—6 to 8 oz., 
1—4 to 6 oz. 
Pres., Pur. Agt.—E. G. Hultgren 
Vice Pres.—K. M. Hultgren 
Sls. Mger.—G. W. Hultgren 


°U.S. Plastic Molding Corp., Wallingford 
(C, I, T) 
Compression presses: 21—30 to 250 ton 
Injection machines: 3-1, 9 and 16 oz 
Transfer presses: 6~75 to 250 ton 
Pres.—Peter Barberino 
Vice Pres. & Gen. Mgr.—J. L. 
Sls. Mgr.—R. B. Flagg 
Pur. Agt.—H. B. Schenck 


Raesler 


Vogel Mfg. Co., The, Bridgeport (I) 


Injection machines: 7— ) to 20 oz. 
Pres. & Sls. Mgr.—Kurt M. Vogel 


Vice Pres. & Pur. Agt.—Rudolf Vogel 


*°Waterbury Companies Inc., Waterbury 


Compression presses: 8—30 ton, 1-43 ‘ton, 
3-50 ton, 5—57 ton, 8—75 ton, 1—100 
ton, 6-118 ton, 15-170 ton, 5—300 ton 
tion machines: 2—4 oz., 11—8 oz., 1—12 
oz., 2-16 oz., 1—35 oz. 

ansfer presses: 15—170 ton, 2—232 ton, 2 
300 ton, 4—751 automatic 

Pres.—L. P. Sperry, Jr. 

e Pres.—W. F. Reibold 

Sls. Mgr.—G. A. Walker 

Pur. Agt.—H. H. Carder 


** Watertown Mfg. Co., The, Watertown 
(C, I) 


Compression presses: 


ction machines: 
Pres.—J. R. Neill 
Vice Pres. & Sls. Mgr.—G. G. .Welch 
Secy.—H. J. Weisman 
lreas.—C, M. Siemon 

r. Agt.—C. M. Siemon, Jr. 


70—50 to 450 ton 
12—2 to 64 oz. 


* Operates own tool room 


* Indicates Advertiser 


DELAWARE 


**Continental-Diamond Fibre Corp., 
Newark 
Compression presses: 12” x 12” to 36” x 36”, 

150 to 1200 ton; 50—150 ton, 10—1200 
ton 

Pres., Vice Pres. & Genl. Mgr.-— 

Vice Pres.—E. O. Hausmann, 
F. M. Grauer 

Dir. of Sales—-H. M. Dexter 

Genl. Sales Mgr.—Arthur Brigg 


H. K. Collins 
J. F. Anderson, 


*Haveg Industries, Inc., Wilmington 
C, T, E) 
Compression presses: 33—up to 200 tons 
Transfer presses: 3 
Extrusion machines: 4 
Pres.—Dr. John H. Lux 
Vice Pres.—H. B. Haney, P. L. 
Sls. Mgr.—John B. Mackenzie 
Pur. Agt.—P. L. Reynier 


McWhorter 


**National Vulcanized Fibre Co., Wil- 
mington (E) 
Extrusion machines: up to 3%” 
Pres.—E. R. Perry 
Vice Pres.—F 
Vice Pres., Dir 
Pur. Agt. 


I. Crow 
of Sales—R. S. Fisher 
L. R. Clinton 


FLORIDA 


*Modern Designers, Hialeah 


Injection machines: 1—2 to 4 oz. 


Southern Plastic Products Co., Riviera 
Beach (E) 


Extrusion machines: 30 x 60 


ILLINOIS 
°*A & O Plastics Co., Downers Grove (I) 


Injection machines: 3—6 o: 
Pres., Sls. Magr., Pur. pe 
Vice Pres.—O. Nease 


~A. Nease 


*Anesite Co., Chicago 
Extrusion machines: 6—to 4%” 
Pres.—William L. Hess 


Vice Pres., Treas.—George L. Hess 


**Artag Plastics Corp., Cilcage 
Injection machines: 1-4 oz.; 2 oz.; 10-8 
oz.; 1-10 oz.; 6—16 oz. 
Pres.—A. Weiss 
Vice Pres.—E. E. Hock 
Becwar Mfg. Corp., Addison 


Injection machines: 2—8 oz.; 3—2 oz.; 
1—35 ton; 1—80 ton 


(I, T) 
1—4 oz. 
Transfer presses: 


*°Blackhawk Molding Co., Addison 
Injection machines: five/six—from 4 oz. 
12 oz. 
Pres.—Walter E. Hidding 
Vice Pres.—Jeannette W. Hidding 
Sales Mgr.—Wm. M. Carlson 
Pur. Agt.—Daniel P. Hidding 


*Brinks Plastics, Inc., Chicago (I) 
Injection machines: 2—12 oz.; 1—8 oz.; 1—4 oz. 


*Cameron, Inc., Chicago (I) 
Injection ‘machines: 1—16 oz.; 1—12 oz.; 1—10 
oz.; 1—8 oz 


**Chicago Molded Products co» As 
cago (C, I, T, E) 
Compression presses: 110 15 to 1500 ton 
Injection machines: 24 4 to 64 oz. 
Transfer presses: 35 75 to 520 ton 
Extrusion machines: 2” to 8” 


Pres. & Gen, Manager—J. J. Bachner 
Vice Pres. & Treas.—L. H. Bachner 
Pur. Agt.—F. Klingenmeier 
Vice Pres. & Mgr. Custom 
J. E. Johnston 
Pres. & Mgr 
Bachner, Jr 


Molding Div 


Vice Gamco Div.—E 


*Chicago Price Tag Mfg. Co., Chicago (I) 
Injection machines: 1—2 oz 


Alfred M. 
der, Elmer Zingle 


Partners: Pellegrini, Frank Schnei 


*°Commercial Plastics Co., 
Injection machines: 13 
Extrusion machines: 1—3%", 


Chicago (I, E) 


12%”, 1-1”. 
Continental Plastics Corp., Chicago (I) 
Injection machines: 8—8 oz. to 24 oz. 


*Cruver Mfg. Co., Chicago (1) 
Injection machines: 1—4 oz., 5—8 oz., 2—16 
oz., 1—22 oz., 1—32 oz., 1—40 oz., 1 
60 oz. 
Pres.—James E. Starnes, Jr. 
Sls. Mgr. & Pur. Agt.—J. S. Clark 


*Custom Plastics Inc., enue F ark (E) 
Extrusion machines: 3—2 1-1 
Pres.—C. N. Tisbo 


**Davies Molding Co., Harry, Chicago 
:, T) 
Compression presses: 25-75 to 309 ton 
a 3 presses: 15—130 to 300 ton 
Pres.—J. F. Davies 
Vice Pres.—G. E. Mullens 
Vice Pres. & Sls. Mgr.—R. C. 
Pur. Agt.—I. Haugen 


Appleby 


*Dielectric Materials Co., Chicago (E) 
Extrusion machines: 2—3%"; 2—2%”"; 2—1%” 
Pres.—H. D. Isenberg 
Vice Pres., Sls. Mgr 
Muenzer 


& Pur. Agt.—O. C. 


Eclipse Mfg. Co., Lake Zurich (C, 1, T) 
Yompression presses: 10—from 50 to 500 ton 

9 oz 

320 & 240 ton 

& Pur. Agt.—J. L. Rackow 

& Sls. Mgr.—Chas. Buckman 


Injection machines 
Transfer presses: 250 
Pres. 


Vice Pres 


*°Federal Tool Corp., 


Injection machines: 26 


Chicago (I, E) 


Extrusion machines: 3 
Pres.—R. Bernhardt 
Vice Pres.—J. Press, R. 
Sls. Mgr.—R. Winter 
Pur. Agt., 
ders 


Winter 


Personnel Dir., Treas.—F. J 


*Felsenthal & Sons, G., 2, Chicago (1) 
Injection machines: 18 oz. to 80 oz. 
Pres.—Ben W. R au 
Vice Pres.—Earl R. Keown, N. 
J. H. Moses 
Sls. Mgr.—Earl R. Keown 
Pur. Agt.—Burt Fredrickson 


C. Ratner, 


Fischer Associates, Andrew, Chicago (I, E) 
Injection machines: 1—24 oz.; 2—9 oz. 
Extrusion machines: 1—3%", 1—-2%", 

Pres.—Andrew J. Fischer 
Vice Pres.—A. L 


1-1%” 


Larsen 


*General American Transportation Corp., 
Plastics Div., Chicago (C, LE) 
Compression presses: 350 ton to 2000 ton 
Injection machines: 2 oz. to 300 oz. 
Extrusion machines: 2%” to 4%” 
Pres.—William J. Stebler 
Gen. Mgr.—Harry M. Jenkins 
Pur. Agt.—Robert R. Silverman (Plastics Div 
Supervisor of Sales—James Nash 
Dir. of Res. & Devel.—Carl F. Massopust 
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*General Die Mold Co., 


Compression presses: 11 


Chicago (C, I, T) 
from 30 to 450 ton 
Injection machines: 2—6 oz.; 1—9 oz.; 2—24 
oz.; 1—32 oz.; 1—60 oz. 
Transfer presses: 4—150 ton 
Pres.—Rose Nagy 


Vice Pres. & Pur. Agt.—E. A. Berecz 


*General Electric Co., Plastics Dept., De- 
catur (C, I, T, E) 
Compression presses: 15 ton—34; 25—54; 40— 
72; 65-88; 80-21; 140-43; 225-27; 
250—28; 400—8; 575-2; 1500-1 
Injection machines: ae oz.—2; 60-5; 48-2 
32—2; 16-7; 12-2; 8-7; 4—3; 3—4 
Extruders: 2 in. bore os 2%” in.—2 
Gen. Mgr.—A. C. Treece 
Market. Mgr.—G. S. Berge 


*General Molded Products Inc., 
Plaines (C, T) 
Compression presses: 6-50 ton, 1-150 ton, 

4—200 ton, 4—300 ton, 1—250 ton 


Transfer presses: 1—50 ton, 2—200 ton, 2—300 
ton 


Pres.—Norman Anderson 


Vice Pre C. J. Sanders 


Des 


Gits Molding Corp., Chicago (1) 


*Globe Imperial Div., Ainsworth-Precision 
Castings Co., Rockford oe 
Compression presses: 6-75 ton, 1—50 ton, 2 


150 ton, 1 
Injection machines: 


250 ton 
4—8 oz., 1—20 oz 
Transfer presses: 4 300 ton 


Pres.—J. 


horizontal, 1- 
T. Simpson 


*Grigoleit Co., The, Decatur (Cc, I 
Compression presses: 90—30 to 600 ton 
4 oz. to 12 oz 
Transfer presses: 15—100 to 300 ton 
Pres.—J. L. Howie, Jr. 
Genl. Mer.—R. K. 


Injection machines: 4 


Howie 


*Halogen Insulator & Seal Corp., Frank- 
lin Park (C, T) 
Compression ‘presses: 14—to 74 ton 

50 ton 


Transfer presses: 2—to 


*Holland, M., Co., Chicago (E) 
Extrusion machines: 4 
Pres.—M. Holland 


Sls. Mer. & Pur. Agt.—Edward Pignataro 


**Industrial Molded Products Co., 4 
Palatine (C, I, T) 


Compression presses: 20—88 to 350 tons 
Injection machines: 3-1 to 8 oz.; 1 
1—1 oz. 
Transfer presses: 5—88 to 350 tons 
Pres.—Carl E. Benson 
Vice Pres. & Treas.—Peter C. Barsanti 
Sls, Mgr.—Richard L. Windsor 
Pur. Agt.—Peter C. Barsanti 


16 oz., 


*Johnson Glass & Plastic Corp., Chicago 
(I) 


Injection machines: 3—8 to 20 oz. 
Pres. & Vice Pres.—William Garland 
Pur. Agt.—H. Edison Garland 


Joliet Plastic Inc., 
Injection machines: 


Joliet (D 
38—8 oz., 1—4 oz. 


Kaye Plastics Mfg. Co., 


Injection machines: 


Chris, Madison (I) 


7—up to 20 oz. 


*Kelley Mfg., George A., Litchfield (E) 


Extrusion machines: 3 


Owner—George Allen Kelley 


*® Operates own tool room 
* Indicates Advertiser 
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*°Keolyn Plastics Inc., Chicago (D 
Injection machines: 1—2 oz., 1—3 oz., 1—4 oz., 
2—6 oz., 1—9 oz., 1— Sy teg 
Pres. & Treas.—W. D. McKay 
Vice Pres.—J. E. Glatt & J. J. Detzel 
Sales Mgr.—J. E. Glatt 
Pur. Agt.—W. D. McKay 


**Korris Products Inc., Lyons (D 
Injection Machines: 1—2 oz., 4—8 oz., 4—16 oz. 
Pres. & Sls. Mer.—Charles Youdris 
Vice Pres.—Lido Albiani 
Pur. Agt.—Edward J. Koren 


*Mack & Son Molded Product Inc., John, 
Chicago (G, I, T) 
Compression presses: 2—150 ton 

5—4 to 16 oz. 

1—150 ton 

Mgr.—John L. Mack, Sr. 

& Pur. Agt.—John L. Mack, Jr. 


Injection machines: 
Transfer presses: 
Pres. & Sls. 
Vice Pres. 


*Makray Mfg. Co., Chicago (I) 
Injection machines: 3—4 oz., 10—9 oz., 1-12 
oz., 9-16 oz., 1-20 oz., 2—32 oz., 2— 
60 oz. 
Pres. & Treas.—P. Makray 
Sls. Mgr.—A. MacLachlen 
Prod. Mgr.—R. Mooy 


*Mayfair Molded Products Corp., Schiller 
Park (C, I, T) 
Compression presses: 40—up to 300 tons 
Injection machines: 3—2% oz. to 10 oz. 
Transfer Presses: 4 to 300 tons 

D. W. Tyrrell 

Vice Pres. & Genl. Mgr.—Robert E. Theis 

Vice Pres. & Sls. Mgr.—Glenn T. Adams 


Pres.— 


Midwest Molding & Mfg. Co. Gurnee 
(Cc, 1) 


Compression presses: 20—80 to 350 ton 
Injection machines: 6—4 to 12 oz. 
Pres.—E. R. O’Connor 
Vice Pres.—R. C. Bauspies 
Sls. Mgr.—T. E. Richards 


*° Midwest Plastic Products Co., Chicago 
Heights (E) 
Extrusion machines: 

Pres. & Sls. 


5-—2%”" to 4%” 
Mer.—C. C. Whitacre 
& Treas.—E. E. Eckenbeck, Sr. 


Vice Pres. 


*Molded Products, Div. of Admiral Corp., 
W. Chicago = S 
Compression presses: 31 20 to 3000 tons 
Injection machines: 8 4 oz. to 80 oz. 
Transfer presses: 1 30 ton 1—114 ton 


Molex Products Co., Brookfield (C,I, T) 
Compression Presses: 1-250 ton, 2—150 ton, 
8—50 ton 
Injection machines: 1—100 ton 
Transfer presses: 1-250 ton, 1—150 ton 
Pres.—John H. Krehbiel 


*Multiplastics, Addison (C) 
Compression presses: 24” x 13’ 4”—Fibrousglass 
compression 24” x 13%” 


*Paragon Molding Co., Melrose Park (I) 
Injection machines: 4 
Pres.—W. W. Wright 
Vice Pres. & Secy.—A. H. Wright 


*Peoria Plastic Co., East Peoria (ID) 
Injection machines: 2—8 oz., 1-16 oz., 2— 
48 oz. 


*Perfex Plastics Inc., Chicago (I, E) 
Injection machines: 3 
Extrusion machines: 6 


*Plano Molding Co., Plano 


Compression presses: 6—60 to 4 


(C, I, T) 
ton 


Injection machines: 9—4 oz. to 20 oz. ca; 
Transfer presses: 4—100 to 400 ton 
Pres.—James L. Henning 
Vice Pres. & Sls. Mgr.—Robert C. Yunver 
Pur. Agt.—Lloyd E. Phelps 


*Plastic Molded Products Co., Chicivo (J 
Injection machines: 2—36 oz., 1-12 4-8 
oz., 1—4 oz. 
Pres.—H. Wm. Brandt 
Vice Pres.—A. Landauer 
Sls. Mer.—Chas. Trabor 
Pur. Agt.—H. Wm. Brandt 


Plastic Precision Parts Co., Chicago 
CLL, 
Compression Presses: 9—350 ton cap . 
Injection Machines: 5—22 oz. cap. 
Transfer Presses: 9—350 ton cap. 
Gen. Mgr.—Fred Bontacue 
Pur. Agt.—Mort Winokur 


*Plasticrafters Inc., Cicero 
Compression presses: 4—200 ton, 
1—600 ton 
Injection machines: 6--8 oz., 
Transfer presses: 2—200 ton 


1-16 oz 


*Polymold Plastics Inc., Chicago 
Injection machines: 12—2 to 20 oz 
Pres. & Sls. Mer.—Ben Polikoff 
Vice Pres. & Genl. Mgr.—John C. 

Pur. Agt.—John C. Porcelli 


*Process Gear Co., Chicago 
Injection machines: 4—3 oz. 
Pres., Sls. Mgr.—H. J. Monger 
Pur. Agt.—Len Wichman 


*Pyramid Plastics Inc., Chicago 
Extrusion Machines: 
Pres.—James A. Palmer 
Vice Pres.—Robert J. Huber 
Sls. Mgr.—Webster D. Paton 


Republic Molding Corp., Chicago 
Compression presses: 5—250 to 400 ton 
Injection machines: 29-8 to 120 oz. 

Pres.—Bertram W. Coltman 
Vice Pres.—Bertram W. Coltman, Jr 
Sls. Mgr.—Bart McCloskey 
Pur. Agt.—Richard Klebbe 


*Resincraft Plastics Inc., Chicago 
Extrusion machines: 1—3%”, 2—2%”, | 
Pres.—Stanley Wexler 
Vice Pres.—Leonard Becker 
Sls. Mgr.—Manny Jaffe 
Pur. Agt.—C. W. Branigan 


*Resinoid Engineering Corp., Skoki« 
Compression presses: 
Pres. & Treas. Teiasone A. Herbst, S 
Vice pres.—Clarence A. Herbst, Jr. 


**Richardson Co., The, Melrose it 
(C, 
Compression presses: Multi-plant facilitics 
range of sizes 
Injection machines: Multi-plant faciliti 
range of sizes 
Transfer presses: 
range_of sizes 
Vice Pres. & Dir. of Sales—R. W. Jor 
Pur. Agt.—B. L. Allen 
Sls. Mgrs.—L. V. Comeford, C. | 
Harry Ripkey 


Multi-plant facili: 


*Rockford Molded Products Inc., Ro Mo 
Compression presses: 2—100 ton 
Injection machines: 3—4 oz., 2—12 oz 
Transfer presses: 1—100 ton, 1—200 to: 
ton 
Pres. & Genl. Mgr.—Henry W. Gusta! 





- 


(C, T) 


>Rogan Bros., Skokie 
( 6—50 ton, 


pression presses: 6-15 ton, 
4-125 ton, 2—150 ton 
2—150 ton 


sfer presses: 
' 


"Romar Plastics Inc., St. Charles (C, I, T) 
session presses: 12—40 to 300 ton cap. 
A, Injection machines: 4—4 to 13 oz. cap. 
12—40 to 350 tons 


fer presses: 


°Ss indee Mfg. Co., Chicago 
<trusion machines: 
Gen. Mgr.—C. D. sali 
Agt.—J. A. Claerhout 
Mer.—J. J. Clemens 


Prod. Mgr.—R. Wehrheim 


*°Santay Corp., Chicago (1) 
ction machines: 2—3 oz., 2—8 oz., 2—16 oz., 
1-48 oz., 1—4 oz., 4-9 oz., 1-24 oz., 
1—60 oz., 3—6 oz., 1—12 oz., 2—32 oz. 
Daniel Szantay 
Vice Pres.—Violet Szantay 
_ Vice Pres. & Genl, Mgr.—Sterling Cramer 
tor Mer. of Custom Sales—Robert S. Derenski 
of Mfg.—Edward Mrugacz 
of Purchases-Tom Kennedy 


kService Plastics Inc., Chicago (DR 
I tion machines: 1-85 oz., 1—48 oz., 1-32 
vz., 2-20 oz., 3—12 oz., 1—8 oz., 1—4 oz., 
1—2 oz. 
, Sls. Mgr. and Pur. Agt.—Maurice Mel- 
taer 
Vice Pres.—Charles Karels 
Treas.—Charles Karels 


I 
°Sinko Mfg. & Tool Co., Chicago (D 
tion machines: 3—4 oz., 6—8 oz., 2—12 oz., 
16 oz., 1-20 oz., 1—32 oz., 1—60 oz., 
1—100 oz., 1—175 oz. 
(E | John Sinko 
°SKW Mfg. Co., Chicago (D 
tion machines: 3—12 oz., 8—6 oz., 1—3 oz. 
& Pur. Agt.—Bernard J. Skorupa 
Vice Pres.—Lawrence Ronden 
Ci Sls. Mgr.—Roy Hobson 


°Stimsonite Div. of Elastic Stop Nut Corp., 
Chicago I 
Injecti 4—32 oz., 5—16 oz.,. 5-9 


m machines: 


2—4 oz. 


*°Superior Plastics Inc., Chicago (E, 1) 
(E) Extrusion machines: 6—-3%", 


I 17—4-8- i 16-20, and 24 


m machines: 
Harry Scheer 
e Pres.—Louis Levine 
Richard S$, Bezark 
Agt.—_Wm. Hess 
C lreas.—Harry Levine 


*Trans-Matie Plastics Co., Chicago (C, T) 
mpression presses: 
ransfer presses: 9 
k Pres.—Stephen J. Handzel 
LT Vice Pres.—H. H. Wielgus 
° ith Pur. Agt.—-Edward Wolanin 


with °20th Century Plastics Co., Chicago (D 
n machines; 2~16 oz.; 2—12.; 1—8; 1—4 


with 
*\ ictory Mfg. Corp., Chica 

m machines: 2—60 oz., 

2-12 oz., 3—9 oz., 


oz, 


go (D 
—832 oz., 4—16 
1-8 oz., 2—4 to 


Edward Singer 
Vice Pres. & Gen. Mgr.—Harold L. 
tora , imuels 
1.7) Mgr. for Custom—A,. E. Backus 
les Mgr. for Proprietary—Ray Stratman 


Agt.—Edward O'Hare 
00 


tes own tool room 
ites Advertiser 


Van Norman Molding Co ., Chicago (C, T) 
Compression presses: 19 from 15 to 200 ton 
Transfer presses: 5 from 75 to 200 ton 

Pres. & Gen. Mgr.—G. E, Andre 
Pur. Agt. & Supt.—R. P. Harrison 


Western Felt Co., Chicago 
Compression presses: 
Extrusion machines: 1 


(C, E) 


**Whitso Inc., Schiller Park 
Compression presses: 3—90 ton 
Injection machines: 1—4 oz. 
Transfer presses: 17 to 150 tons 

Pres.—J. B. Whitted 

Vice Pres.—J. B. Whitted, Jr. 
Sls. Mer.—J. W. Shannon 
Pur. Agt.—E. W. Kozlowski 


(C, I, T) 


**Zollinger Inc., Albert, Downers Grove 


Compression presses: 1-30 ton, 
1—150 ton 
Injection machines: 1—4 oz. 
Transfer presses: 2~150 ton, 3-200 ton, 1—300 
ton, 1—88 ton 
Pres.—Albert Zollinger 
Vice Pres. & Pur. Agt.—Robert Zollinger 
Sis. Mgr.—Norman Zollinger 


1—15 ton, 


INDIANA 
°A G P Corp., Peru I) 


Injection machines: 2—2 oz., 1—3 oz., 1—6 Ay 
3—8 oz., 1-16 oz. 
Pres.—George Lee Lawrence 
Vice Pres.—C. Lyman Hall 
Sls. Mgr.—John E. King 
Pur. Agt.—Gerald M. Ellars 


*°Amos Molded Plastics Div., Amos- 
Thompson Corp., Edinburg (1) 
Injection machines: 1—2 oz., 2—4 oz., 1—8 oz., 

8-12 oz., 3—16 oz., 2-24 oz., 3—32 oz., 
1—42 oz., 2—48 oz., 2—64 oz., 2—200 oz. 

Pres.—Dale Amos 

Vice Pres.—J. C. Kazimier 

Sls. Mgr.—Frank D. Deli 

Pur. Agt.—W. Parmer 


**Como Plastics Inc., Columbus (I) 
Injection machines: 1—6 oz., 2—4-6 oz., 2—8 
oz., 3-12 oz., 2—16 oz., 2—20-28 oz., 
1—200 oz. 
Pres. & Sls. Mgr.—James L. Russell 
Vice Pres.—Oscar Daffron 
Pur. Agt.—Lowell Daffron 
Secy.—Ray A. Lain 


**Crescent Plastics Inc., Evansville (E) 
Extrusion machines: 8 machines up to 414” 
Pres.—John H. Schroeder 
Vice Pres.—Clem J. Young 
Sales Mgr.—Don Korb (Custom Sales) 
Pur. Agt.—Robert Bock 


Th 
Injection machines: 1—12 oz., 
1-2 oz. 
Pres.—R. W. Bosse 
Vice Pres. & Genl. Mgr.—Edward Tubbs 
Sls. Mgr.—William C. Holden 


een Nylon Products Inc., Sout 


8—8 oz., 3—4 oz., 


Pur. Agt.—Robert E. Lee 


*General Plastics Corp., Marion (E) 


Extrusion machines: 2—3%” 
Pres. & Sls. Mgr.—Richard H. Erlewine 
Chrmn. of Brd.—Henry L. Erlewine 
Vice Pres. & Pur. Agt.—Charles W. Richter 


*Industrial Plastics Corp., (E) 


Extrusion machines: 1—-1%", 3 
1-34” 
Pres. & Sis. Mgr.—C. Aird Moffat 


Vice Pres.—R. K. Moffat 
Genl. Mer. & Pur. Agt.—L. J. Swift 


*Kenly Co., Terre Haute 
Injection machines: 1—9 oz., l- 
1—12 oz., 1—16 oz. 
Extrusion machines: 2%” 
Pres.—K. O. Uran 
Vice Pres. & Sls. 


(I, E) 


6 to 8 oz., 


Mer.—Lyman Pendergast 


(I, E) 
12 oz., 


24 oz., 


Evansville 
4 oz., 3-8 oz., 3 
82 oz., 1—48 oz., 1 


Kent Plastics Corp., 
Injection machines: 1- 
8—16 oz., 2 

1—64 oz. 


Extrusion machines: 1—4%” 


Bend 


4 oz. 


*Niles Corporation, South 
Injection machines: 1—8 oz., 1 
Pres.—Loren Schafer 
Sls. Mer.—L. C, Schafer 


Nyloncraft Inc., Mishawaka 
Injection machines: 6—12 oz., 2— 
Pres.—James F. Wyllie 
Vice Pres.—Charles J. Foret 


8 oz., 1—4 oz. 


Plastene Corp., Crawfordsville 
Injection machines: 16—16 oz., 
oz., 2—48 oz., 3-8 oz., 
Pres.—Trevor Cramer 
Vice Pres.—Verne Waldon 
Sls. Mer.—K. Z. Crawford, J. B. Harvie, 


4—12 oz., 2 
1—75 oz. 


*Plastic Service Corp., La Porte (C, 1, T) 
Compression presses: 14—100 to 750 ton 
Injection machines: 2—9 and 48 oz. 

Transfer presses: 2—200 ton, 1—300 ton 
Pres.—Herbert C. Grau 
Vice Pres. & Sls. Mgr.—Leonard R. Cooper 
Pur. Agt.—Robert O. Stanford 
*Polygon Plastic Co., Walkerton (E) 
Extrusion machines: Fibrous glass extrusion ma- 
chines; patented continuous process 
Pres.—S. M. Shobert 
Vice Pres.—G. S. Parks 
Sales Mer.—E. R. Jacques 


Pribble Plastics Products Inc., New Haven 
(C, T) 
Compression presses: 2—25 ton, 2—75 ton, 
1—283 ton 
Transfer presses: 2—25 ton, 2—75 ton, 1—283 
ton 
Pres., Sls. Mgr. & Pur. Agt.—Wayne I. Pribble 


Vice Pres. & Plant Mgr.—John L. Haugsrud 


*Progressive Molded Products Corp., 
Bluffton 
Compression presses: 4—75 to 300 ton 
Transfer presses: 4—75 to 300 ton 
Pres., Treas. & Sls. Mer.—Philip H. 
Secy.—Harvey Peden 


Leonard 


*Rostone Corp., Lafayette (C) 
Compression presses: 36—5 to 1500 ton 
Pres.—P. W. Jones 
Vice Pres.—F. P. Wymer 
Sls. Mgr.—M. G. Knox 
Pur. Agt.—D. W. McQueen 


*Sheller Mfg. Corp., Portland (C, 1) 
Compression presses: 1—480 ton, 8—500 ton, 
78-135 ton 
Injection machines: 1— 
oz., 2—28 oz., 2 
Pres.—T. Bradley 
Vice Pres. & Gen. Mgr. 
Sls. Mgr. & Vice Pres.— 
Pur. Agt.—E. J. Minch 


8 oz., 1-12 oz., 2—22 
40 oz. 


J. A. McKeown 
E. J. Cosgrave 


*Sobenite Inc., So. Bend 
Injection machines: 14—up to 16 oz. 
Pres.—P. H. Sanders 


*Square D. Company, Molded Insulation 
Div., Peru (C, T, CM) 


Compression presses: 40—50 ton, 3—75 ton, 
9—150 ton, 8—200 ton, 3—300 ton 
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Transfer presses: 7—50 ton, 3—150 to 
ton, 1—300 ton 

Plant Mgr.—C. G. Schini 

Factory Mgr.—F. G. Ahnert 

Sis. Mgr.—T. E. Adams 


Pur. Agt.—D. L. Rouch 


*Wayne Plastics Corp., Fort Wayne 
(C, I, T) 
Compression presses: 9—40 to 800 tons 
Injection machines: 2—2 to 4 oz 
lranster presses: 6—110 to 300 tons 
Pre & Sis. Mer.—W. W. Burhoy 
t Auvt.—Harold P. Parker, Jr. 


KENTUCKY 


Romaco Plastics, Inc., Louisville (I) 
Henderson 


(I) 
9—8 oz., 


4 oz., 1—32 oz., 


Tri-State Plastic Molding Co., 
Injection machines: 1—2 oz., 2—4 oz., 
9-12 oz., 1-16 oz., 1-2 
1—48 oz. 
Pres.—P. J. Buckley 
. y.-Treas. & Genl. Mgr 
iller—M. R. Brenton 


Turns Plastics Inc., Louisville 
25 to 200 oz 
Carl B. McLaughlin 
Erich 


Knopf 


lube 
Injection machines: 7 
Exec Vice Pres 

Sls. Mgr.—Earl A 


Pur. Agt.—Joseph P 


LOUISIANA 


Dixie Plastics Mfg. Co., Div. 
trols Lab., New Orleans 
Extrusion machines: 4 ~e 

Gen. Mgr. & Pur. Ag F. V. Boylan 
Chief Engineer—C. > McCauley 
Office Mer.—T. P. Breslin 


Marine 


MAINE 


*Keyes Fibre Co., Waterville (C) 
Compression presses: 1—1000 ton, 1—800 ton, 
9—500 ton, 2—300 ton 
Pres.—Ralph H. Cutting 
Vice Pres., Eng. & Research—Walter H. Ran- 
dall 
Vice Pres. Mfg.—Gustave R. Johnson 
Merchandising Mgr.—Dean F. Hall 
Pur. Agt.—Ralph M. Wescott 


MARYLAND 


*Birckhead Corp., Baltimore 
Injection machines: 1—30 oz 
Pres.—Lennox Birckhead, Ir. 
Vice Pres.—Taylor A. Birckhead 
Sls. Mar., Treas., Pur, Agt.—J. B. Reilly 


*Fawn Plastics Co., Inc., Timonium (I) 
Injection Machines: 2—3 oz., 1—6 oz., 1—8 oz 
Pres.—Robert D. Brickett 
Vice Pres.—John Franzone 
Sales Mgr.—William Rees« 
Pur. Agt.—Carl Neutzel 


*Maryland Plastics Inc., Federalsburg 
(C, I, T) 
15-150 ton, 
5—100 ton, 3—50 ton, 2—automatics 
Injection machines: 1—3 oz., 2—4 oz., 1—6 oz 
2—8 oz., 1—12 oz., 1—20 oz. 


Transfer presses: 2—150 ton 


> 


Compression presses: 2—200 ton, 


Pres.—Samuel Lidz 


*Moldcraft Inc., Baltimore (C, D 
Compression presses: 9—25 ton, 6-50 ton 
Injection machines: 3—3 oz., 1—4 oz., 2—6 oz 

2—16 oz. 
* Operates own tool room 


* Indicates Advertiser 
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**National Plastic Products Co., The 
Odenton (L, E) 
Pres.—E. Winer 
Vice Pres.—A. Winer 
Sis. Mgr.—J. H. Brown 
Pur. Agt.—D. J. Anderson 


*Standard Cap & Molding Co. Inc., 
Baltimore (Cc, 1) 
Compression presses: 17 
Injection machines: 3 

Pres.—C. M. Crowther 


Wama Co., The, Baltimore (C) 
Compression presses: 1-100 ton, 1—50 ton, 
1—25 ton 
Pres. & Sls. Mer.—S. K. Bodnie 


Vice Pres. & Pur. Agt.—W. D. White 


MASSACHUSETTS 


*Alcon Plastics, Inc., Fitchburg 
Injection machines: 13—up to 28 oz. 
*Boyden Plastics, Inc., Taunton (I) 
Injection machines: 4 8 oz., 1-12 oz 


*Brook Molding Corp., Norwood (C, 1) 
Compression presses: 6-170 ton to 600 ton 
Injection machines: 2—12 oz., 2—4 oz. 
rransfer presses: 5—17 ton to 300 ton 

Pres.—T. Reed Estabrook, Jr. 
Vice Pres., Sls. Mgr.—Colin M. Cunningham 
Pur. Agt.—F. K. Whiting 


Carlon Products Corp., Plastic Industrial 
Products Div., Somerville 
Extrusion machines: 4—2%” and 31%” 


Carver Corp., The, Boston (E) 
Extrusion machines: 1—4%4” 
Pres.—Irving Carver 
Vice Pres., Sls. Mer., Pur. Agt 
Ravreby 


Century Plastic Co., Fitchburg (D 
Injection machines: 7—4 oz. to 16 oz. 
Pres., Treas.—Ermest D. Sharaf 
Church, C. F., Div., American-Standard, 
Holyoke (C, I, T) 
Compression presses: 75—15 ton to 300 ton 
Injection machines: 20—6 oz. to 8 oz. 
Transfer presses: 9—80 ton to 300 ton 
Pres.—R. A. Witherell 
Vice Pres. Prod. Eng. & Dev.—Sherwood L. 
Young 
Sls. Mar., Vice Pres. Plastic Prod. Sls.—-Edwin 
M. Osgood 
Pur. Agt.—L. W. Shaw 


Clark Cutler & McDermott Co., 
Franklin , 
Compression presses: 1 ‘40° x 60”—2%” daylight 

10 opening, 5—42” x 42”—2” daylight 8 
opening 

Pres.—Thomas MeDermott 

Vice Pres.—F. R. McDermott 

Sales Mgr.—Robert H. Schmitt (Airloc Div. 
only ) 

Pur. Agt.—L. 


Inc., 


Murray 


*Commonwealth Plastics Corp., 
Leominster 
Injection machines: 45—3 oz. to 20 oz. 
Extrusion machines: 12—1%” to 4” 

Pres.—Harry Levine 

Gen. Mgr.—Morton Levine 

E. Michael Rubin 

Edward W. Carlson 


(I, E) 


Vice Pres : 
Sls. Mer. 
Pur. Agt 


Component Mfg. Service, Inc., W. Bridge- 
water 
Compression presses: 4—2 ton, 3—30 ton 
Injection machines: 30—1 oz., 3-2 oz. 


_ Sheffield (E) 


> 


*Custom Extrusion, —" 
EF xtrusion mac hines 2 
Pres.—H. R. Stove r 

Pur. Agt. 


Norman C. Bennett 


Dapol Plastics Inc., Worcester (I 
Injection machines: 16—from 4 oz. to 64 oz. 
Pres.—David Goldrosen 
Vice Pres. & Pur. Agt.—Louis I. Goldrosen 
Sales Mgr.—Peter P. Salzo 


*Deerfield Plastics Co. Inc., South Deer. 
field pe (E 


Extrusion machines: 5—2” to 4%” 


*Foster Grant Co., Inc., Leominster {| 
Injection machines: 80 ft. 2 oz. to 48 oz 
Pres.—Joseph C. Foster 
Sls. Mer.—John La Belle 


Pur. Agt.—Charles Loiselle 


*°General Tire & Rubber Co.’s The, Bolts 
Products Div., Lawrence 
Injection machines: over 20 from 6 to 48 « 
Genl. Mgr.—John Bolten, Sr. 
Asst. Genl. Mgr.—John Roppel 
Genl. Sales Mgr.—Sumner L. Trilling 
Pur. Agt.—Wayne Grubaugh 


*°Great American Plastics Co., Fitchburg 


(LE 
Average 40 
Extrusion machines: 10 


Injection machines: 


Pres.—Irwin Cohn 

Vice Pres.—Melvin Rosensaft 

Sales Mgr.—Charles Sussman & Morris Dorf 
man (Of the Irwin Corp.) 

Pur. Agt.—Florence Chitoff 

Treas.—Mary Cohn 

Controller—Bertram M. Cohen 

Sls. Mgr.—Herbert Chronin 


*°Kingman, E. B., Co., 


Leominster 
Injection machines: 3—4 oz.; 1—2 o7z.; 7 
1—20 oz. 
Extrusion machines: 2—2%” 
Pres.—S. F. Behr 
Vice Pres., Sls Mgr., Pur. Agt.—Richard H 


Howe 


Kirk Molding Co. Inc., F. J., Clinton 
Injection machines: 12—2 to 12 oz. 
Pres.—Fred J. Kirk 
Sales Mgr.—Peter A. Chabot, Jr. 


*Maynard Plastics Co., Salem 
Extrusion machines: 12 


* Morningstar Corp. 2 The, Cambridge q. 


Injection machines: 1—4 oz., 1— : 0z., 
4—12 to 16 oz., 4—16 oz., 32 oz 
Pres.—Otto Morningstar 
Sls. Mgr.—George E. Gross 
Pur. Agt.—Emanuel Morningstar 


Northeastern Plastics Inc., Boston 
Injection machines: 4 to 16 oz. 


*Northern Industrial Chemical Co. 
South Boston (C, LT 
Compression presses: 5—14 ton, 3-30 ton 

25—75 ton, 5—85 ton, 18—169 ton, 5-264 
ton, 4—300 ton, 1—470 ton 
Injection machines: 1—2 oz., 2—4 oz., 1-8 
oz., 4—12 oz., 1—Vacuum 
Transfer presses: 4—75 ton with 19 ton transfer 
9—169 ton with 30 ton transfer; 2-300 
ton with 75 ton transfer, 2—75 ton with 
57 ton transfer, 2—169 ton with 75 tor 
transfer 
Pres.—A. B. Bower 
Vice Pres.—H. H. Wanders 
Sls. Mgr.—H. P. Causer 
Pur. Agt.—R. Serriello 


Parke Co., Norman, Chicopee (c 
Compression presses: 2’ x 20 ton, 1’ x 30 ton 
1’ x 40 ton, 2’ x 150 ton, 1’ x 200 ton 
Pres.—J. E. Ziebarth 
Sales Mgr., Pur. Agt., Supt.—Kenneth W 
Graham 





Pla 
I 


*' 


"7 


Sc 


Plastics Corp., Clinton (LE) 
este machines: 2-8 oz., 1—12 to 16 oz. 


Extrusion machines: 4—various sizes 
Pres. & Sls. Mgr.—E. H. Jaeger 
Vice Pres. & Pur. Agt.—Leo J. Montagna 


*Plastic Academy Products Corp., 


Leominster 
injection machines: 1—64 oz., 6—16 oz., 3-12 


oz., 2-8 oz., 2—2 oz. 
Pres.—Felo Tocci 
Vice Pres. Alphonse Piermarini 
Sls. Mgr.—Louis Tocci 
Pur. Agt.—Mary Celuzza 


*Plastimold Corp., Attleboro (Cc, L, T) 
Compression presses: 47—10 to 500 ton 
Injection machines: 2—8 oz. and 12 oz. 
Transfer presses: 8 

Pres.—L. Abrams 
Vice Pres.—J. S. Stenberg 
Gen. Mgr.—H. T. Bangs 


Plast-O-Matic Corp., Leominster (1) 
Injection machines: 10—4 to 12 oz. 
Pres.—Stanley Tharler 
Vice Pres.—Seymour Tharler 
Sls. Mgr.—Alfred G. Weaver 
Pur. Agt.-K, A. Goodridge 


Plast-O-Pak Corp., Leominster +9) 
Injection machines: 1—2 oz., 5—4 oz., 4—8 oz. 
Pres.—Alfred G. Weaver 
Vice Pres.—Seymour Tharler 
Sls. Mgr.—Charles Swift 
Pur. Agt.—K. Goodridge 


Plastronic Engineering Co., Marlborough 


ees 


1—30 ton 
1—2 oz. 
1—12 to 80 ton 


Compression presses: 
Injection machines: 


Transfer presses: 


*R.E.C. Mfg. Corp., Holliston (C,I,T) 
Compression presses: 14—30 to 150 ton 
Injection machines: 2—8 oz. 

Transfer presses: 4—150 ton 
Pres.—Robert E, Chick 


**Reed Plastics Corp., Worcester (E) 
Extrusion machines: 4—3%4” and 4%” 
Pres.—Milton S. Sheftel 
Vice Pres.—Alfred L. Coz 
Sls. Mgr. & Pur. Agt.—Henry W. Coz 


*Rex Corp., The, West Acton (E) 


Extrusion machines: 


Schreiter Inc., Clinton 
Injection machines: 1—2 oz., 8—8 oz. 


Pres., SIs. Mgr.—F. Schreiter 
Pur. Agt.—O. L. Parker 


(1) 
, 2—16 oz. 


**Sheffield Plastics ae., She SheGeld (E) 


Extrusion machines: 5—3 
Pres.—J. B. Orr 
Sls. Mgr.—F. H. Teague 


Pur. Agt.—J. E. Mullen 
Springfield Moulders Inc., Monson (I) 
Injection machines: 1—1 oz., 1—4 oz., 1—6 oz., 
2—8 oz. 
Pres.—Victor E. Rosenlund 


*Standard Plastics Co., Inc., Attleboro 
Compression presses: 6—50 to 150 ton - 

25—1 to 12 oz. 

ransfer presses: 2—50 ton 

Pres.—Frederick V. Murphy, Jr. 

Vice Pres. Prod—Ernest E. Griffith 

Vice Pres. & Sales Mgr.—Norman E. Harris 


) 


Injection machines: 


*Terkelsen Machine Co., Boston (C) 
Compression presses: 30— 50 ton, 6—100 ton, 
1—200 ton 
Pres.—Albert B. Terkelsen 


* Operates own toolroom 


* Indicates Advertiser 


Union Products Inc., Leominster (D 
Injection Machines: 5-8 oz., 4—12 oz., 3—2 oz., 
1—1% oz., 3—4 oz. 


“Worcester Moulded Plastics Co., 
Worcester (tp) 
Injection machines: 20—8 oz. to 375 oz. 

Pres.—Philip J. Graham 

Vice Pres. & Treas.—Horace Gooch, Jr. 
Sls. Mgr.—Bertram Graham 

Pur. Agt.—Ralph Williams 


MICHIGAN 


Ameriplastic Co., The, Flint (DH 
Injection Machines: 1—2 oz. 
Pres., Vice Pres., Sls. Mgr.—Joel S. Graves 
Pur. Agt.—Virginia M. Cook 


*Bangor Plastics, Inc., Bangor 
pression presses: 22—30 to 640 ton 
Transfer presses: 1—30 ton, 1—250 ton 
Pres.—Victor Miller 
Vice Pres., Sls. Mgr.—E. O. Wokeck 
Pur. Agt.—G. yr. Wokeck 


(C, T) 


**Cadillac Plastic & Coomicel Sr Detroit 
Extrusion machines: 2—3%%”, 


Pres.—Robert B. Jacob 

Exec. Vice Pres.—Richard J. Jacob 
Vice Pres.-Mfg.—George Carlyon 

Vice Pres. & Genl. Mgr.—John O’Brien 
Sales Mgr.—Lloyd R. Marentette 
Purchasing Agt.—Frank Barnard 


*Capac Industries, Inc., Capac (C, E) 
Compression presses: 3—300 ton, 24” x 24” x 
24” daylight; 2—750 ton, 34 x 36 x 27%” 
daylight; 2—750 ton, 34 x 36 x 33%” 
daylight; 2—2000 ton, 65 x 50 x 380” 
daylight; 3—2000 ton, 46 x 53 x 24” 
daylight; 1-4000 ton, 48 x 105 x 24” 
daylight 
Extrusion machines: 4—4%%” 
Gen. Megr.—Joseph V. Kielb 
Vice Pres. & Gen’l. Sls. Mgr.—J. R. Davidson 
Pur. Agt. & Ass’t. to Pres.—S. J. Ceranski 


*Detroit Macoid Corp., Detroit 
Injection machines: 3—8 oz., 
oz., 1—24 oz. 
Extrusion machines: 16 


(I, E) 
2—16 oz., 2—34 


Double D Plastics Co., Greenville (1 
Injection machines: 1— ay oz., 1—6 oz., 3—8 oz., 
2—20 to 28 oz., 1—32 oz. 
Pres.—E. D. Drake 


Duralastic Products Co., Detroit (C) 
Compression presses: 23 from 12 to 200 ton; 
bed sizes—14” x 16” and 48” x 72” 
Pres. & Sls. Mgr.—Joseph N. Epel 
Vice Pres.—Julius Barach 
Pur. Agt.—James R. Pollock 


*Electric Auto-Lite Co., The, Bay City 
Compression presses: 44—15 to 423 ton ih 
Injection machines: 48—4 to 28 oz. 
Transfer presses: 25—50 to 350 ton 
Pres.—J. P. Falvey 
Vice Pres. & Gen. Mgr.—C, N. Adams 
Sis. Mgr.—S. T. Rose 
Pur. Agt.—G. Bergevin 


*Endicott-Seymour of Ann Arbor, Ann 
Arbor 
Injection machines: 3—3 oz., 
1—12 oz. 
Pres. & Genl. Mgr.—Philip Seymour 
Vice Pres.—Clarence P, Endicott 


1—6 oz., 1—9 oz., 


Evans-Winter-Hebb Inc., Detroit (C, I, T) 
Compression presses: 2—100 ton, 1—450 ton, 
1—10 ton 
Injection machines: 
1—11 oz. 
Transfer presses: 1—30 ton 
Pres. & Sls. Mgr.—A. W. Winter 


2-8 oz., 1—4 oz., 1-8 oz., 


*Fabricon Products Div., 
Co., River Rouge 


Compression presses: 
Pres.--L. A. Fisher 
Asst. to Pres.—C. L. Keller 
Sls. Mgrs.—J. T. Galvin, R. C. Fontham, G. E. 

Feltner 
Pur. Agt.—G. Barber 


Eagle-Picher 
Cc 


15 up to 200 tons 


*Frank Plastics Corp., Detroit (E) 
Extrusion machines: 
Pres.—Lewis C. Frank, Jr. 


General Machine & Tool Works, Inc., 
Walled Lake 
Injection machines: 1—400 oz., 1—300 oz., 
1—200 oz., 1—120 oz., 1—80 oz., 4—382 
oz., 2—8 oz., 1—4 oz., 1—48 oz. 
Pres., Sls. Mgr. & Pur. Agt.—George Kovacs 
Vice Pres.—Eleanor Abbott 


*Haas Corp., The, Mendon (C, I, T) 
Compression presses: 8—50 to 500 tons 
Injection machines: 8—6 to 32 oz. 

Transfer presses: 17—50 to 500 tons 
Pres.—Paul C. Haas 
Sls. Mgr.—Arthur Haas, Carroll Haas, Ter- 
rence Haas. 
Pur. Agt.—Norman H. Haas 


Hoffman Industries, Inc., Spring Arbor (I) 
Injection machines: 1—4 oz., 1—8 oz., 1—12 oz., 
1—16 oz. 
Pres.—John J. Hoffman 
Vice Pres.—E. F. Hoffman 
Secy & Treas.—W. P. Hoffman 


*Hughes Plastics, Inc., St. Joseph (D 
Injection machines: 3—4 oz. 
Pres.—Kent H. Hughes 
Sls. Mgr.—R. S. Kasischke 


*Lus-Trus Corp., Ypsilanti 
Extrusion machines: 4—2”, 1—2%”, 1-3” 
Pres., Sls. Mgr. & Pur. Agt.—E. E. Magnuson 
Vice Pres.—R. O. Bonisteel 


*MacDonald Mfg. Co., New Baltimore 


Compression presses: 1—500 ton , 


Injection machines: 1—3 oz., 1—4 oz., 4—8 oz., 
1—9 oz., 1-16 oz., 1—22 oz., 1—48 oz., 
2—64 oz. 


Pres. & Gen. Mgr.—Stuart MacDonald 


** Michigan Chrome & Chemical Co., 
Detroit 
Extrusion machines: 7—up to 3” 
Pres.—Robert J. Humber 
Sales Mgr. (Chem.)—J. K. Ruhly 
Mgr. (Coatings)—Frank Jones 


*Michigan Panelyte Molded Plastics Div., 
St. Regis Paper Co., Dexter (C, I, T) 
Compression presses: 2—30 ton, 1—35 ton, 

7—50 ton, 5—100 ton, 5—150 ton, 8—200 
ton, 1—300 ton, 1—400 ton, 1—500 ton 
Injection machines: 1—4 oz., 1—6 oz., 2—8 oz., 
1—10 oz., 4—12 oz., 4—16 oz., 2—48 oz. 
Transfer presses: 5—200 ton, 1—300 ton 
Plant Mgr.—Paul Y. Chamberlin 
Res. Sls. Mgr.—E. E. Sanders 
Pur. Agt.—W. K. McGee 


*Michigan Plastic Products, Inc., Grand 
Haven 
Injection machines: 2—8 oz., 
2—20 oz., 1—32 oz. 

Pres. & Gen. Mgr.—Miller G. Sherwood 
Vice Pres.—Marion A. Sherwood 
Sls. & Plant Mgr.—Charles F. Maitzen 
Pur. Agt.—Robert W. Ruiter 


8) 
1—4 oz., 2—16 oz., 


*Mitchell Plastics Inc., Owosso 
Injection machines: 2—6 oz., 2—8 oz., 
8—16 oz., 1—32 oz., 1—48 oz. 
Pres.—William F. Mitchell 
Vice Pres. & Genl. Mgr.—Henry L. Miller 
Vice Pres. & Sls. Mgr.—Thomas S. Drabek 
Pur. Agt.—G. A. Van Epps 


(I) 
1—12 oz., 





*Modern Plastics Corp., Benton Harbor *Mayon Plastics, Hopkins = (E) MISSOURI 
(C, I, T) Extrusion machines: 3—2%”", 1-—3% 

Compression presses: 35—35 to 1200 ton SIs. Mgr. & Genl. Mgr. & Pur. Agt.—Ray D. *Avsco, Inc., Excelsior Springs " 
Injection machines: 21—4 to 60 oz. Johnson Injection machines: 1-3 oz.; 4—4 to 6 o2,, j. 
Transfer presses: 25—35 to 500 ton 6 to 8 oz.; 2—16 to 20 oz.; 1-32 

Pres.—Victor A. Miller *Minneapolis Plastic Molders Inc., Pres.—John E. Feruson 
Vice Pres. & Gen. Mgr.—Owen E. Skelton Minneapolis (C, L T) Vice Pres.—George W. Heflin, Jr. 
Compression presses: 18—50 to 300 ton 

Pace Co., F. D., Grand Rapids (D Injection machines: 4—2 to 8 oz. Clear View Plastics Com, foe wh Bluff H 

Injection machines: %” Transfer presses: 10—50 to 300 ton Injection machines: 2— yz: 
Pres., Sis. Mgr. & Pur. Agt.—F. D. Pace Pres.—J. Erick Anderson 20 oz. 

Vice Pres.—-E. W. Anderson Pres., Gen. Mgr., Sls. Mgr.—Roy B. Wes 

Plastic Processing Co., Flint (Cc, 1) Vico Poss.. Secy:-Tesat., Pus. Agt.—W 
Compression presses: 1-100 *Minnesota Plastics Corp., St. Paul _—(1) estar ns 
Injection machines: 1—4 oz.; i-8 oz.; 1-12 Injection machines: 32—4 oz. to 80 oz. 

oz.; 1-16 oz.; 1-20 oz. Pres.—H. R. Galloway Engineered Products Inc., Kirkwoo: 
Pres.-Edward M. Werbe Vice Pres.—J. J. Brandt & C. S. Blackwell Injection machines: 1-4 to 6 oz.; 
Vice Pres.—Raymond L. Cook Secy.—R. J. Busek 1-10 oz.; 1-12 oz, 


EB 


Vice Pres.—George Krieger 
, ‘ P Gen. Mgr., Pur. Agt.—Leon E. Lada 
Plastray Corp., Detroit (1) North Star Industries Inc., Hopkins (I) 
Injection machines: 11—4 oz. to 24 oz. Injection machines: 1—4 oz., 1—6 oz. 
Pres. & Sales Mgr.—D. L. Jocelyn 


Pres.—Ray H. Harris *K-S-H Plastics Inc., High Ridge 


Extrusion machines: 5 
; F Pres. & Sis. Mgr.—R. S. Hawes, II! 
*Quick Plastics, Jackson (E) **Northwest Plastics, Inc., St. Paul (C, I) Vice Poss. & Bur. At. L. Hawes 
extrusion machines: 2—2)” Compression Presses: 2—250 7-350 ton 
Pres.—Robert M. Ilfeld 1—50 ton; 9-250 ton; 1— er ton; 5 5-200 zs 
ton; 3—100-150 ton Koch Mfg. Co., Jackson 
Reynolds Plastics Inc., Walled Lake (C) Injection Machines: 6—8 oz.; 1-24 oz.; 1-2 
Compression presses: 1-100 ton, 24 x 25 oz.; 1-12 oz. *Koller Craft Plastic Products Inc., Fentop 
platen, 18” daylight-1—8 ton 12 x 16” Pres.—J. R. Freyermuth (C.D 
11” daylight Vice Pres.-W. H. Mahle Compression presses: 2—50 ton, 2-100 tog, 
Pres.—George Kovacs Ass’t. Sales Mgr.—W. W. Everling 4—150 ton, 2—200 ton, 2—250 ton, 
Pur. Agt.—R. J. Twiss \ 300 ton 
‘ : . : iecti shines: 1~—2 3— 
*Robbins Co., Jim, Royal Oak (1,E) plastics Inc.. St. Paul (C, 1, T) Injection machines: 1—2 oz., 3—4 oz., 
Injection machines: 2—60 oz., 8—20 oz., 2 — ee ty 3-12 oz., 2-16 oz., 1-100 oz., | 
} Compression presses: 18—12 to 500 ton 2-150 oz., 2-200 ox., 1-250 oz 
_ ‘12 o2., 8-16 oz., 8-4 _ Injection machines: 1-12 to 16 oz. a 2-200 pal fe os 
Extrusion machines: 1-2% Transfer presses: 3-250 to 500 tons Pres ~ Sts Mgr—-A J Koller 
ary M. Robbins Pres.—H. A. Griebenow Vice P M Cc ‘Koll 
Vice Pres.—H. G. Michael banner” - . or 
ur. Agt.—R. Boehmer 
St. Clair Plastics Corp., Marine City (D "Hopkins & Development Ons 
acts , . a tai ce Fs ° : a 
infection machines: 1-4 oe 1g Se At Echelon presses: 1-178. tem, 1-100 ton ae ee re ee a 
Dees, & Fes. Agti—~A. Kindovetes “ ad “ee 5 elena . ox 1588 cs 80 1: =O 
Transte ‘esses: wmhds - 
Pres.-W. E. Hutchins con ane —_ sate <2 - Schion 
**Schwab Plastics Corp., Dotegtt (E) Vice Pres., Genl. Mgr., Sls. Mgr. & Pur. Agt. ; . uhien 
Extrusion machines: 2—2%”; —A,. G. Morrison 
Pres. & Sales Mgr.—Fred E. "dents Lenco Inc., Jackson (C, LT 
Vice Pres.—Paul C. Roche * ‘ Compression presses: 1-75 ton, 1—100 ton, 
Pus. -Act,—Lewts C: Benile *Rainbow Plastic Products Inc., wre Re 4 ' 
Minneapolis (I, T) Injection machines: 1—8 or. 
: ‘ ys Injection machines: 5 Transf : 1-200 ton 
W-L Molding Co., The, Kalamazoo Transfer presses: 1 Re Geuee: 
C, 1, T) a * : Pres.—Paul J. Leonard 
(C, 1, Pres.—L. E. Erickson Me 
Compression presses: 1—20 ton, 1—30 ton, 1— Vice Pres.—O. A. Hultgren Vice Pres.—W. C, Martinson \ 
100 ton, 1-200 ton Sls. Mgr., Pur. agt.—A. E. Perrin 
Injection machines: 1—6 oz., 2—8 oz., 2—20 oz. p 
Traafer prewer: 1-20 ton, 1-90 ton, 1-100 “Rayette Inc, St.Paul 5, GD ePlastic Molding Co., Icy St. Loui 
ton, ~250 ton «= & = (C, ‘ 
Pres. & Sls. Mgr.—George R. Laure —s ton, 3-100 ton, 1-150 ton, 1-200 Compression presses: 15—50 to 200 tons 
: ’ Injection machines: 2—8 oz., 1—4 oz. me — : . a 508 oe 
*Woodall Industries Inc., Detroit (C, E) Pres.—Mark L. Arend ransfer presses: 5—50 to ons 
Compression presses: 28—up to 1000 tons— Vice Pres.—W. P. Niemiec, J. V. Page, S. E. Pres.—William N. Bachman 
platen area up to 48” x 72”, daylight up Gostees ' 
to 54” Pur. Agt.—C. Ellingson 
Extrusion machines: up to %” 
Pres.—H. J. Woodall ‘ Com: ior sses: 2 
View aire B Johnson Schaake Co., A. J., St. Paul (C, I) ahotien Keen 7 
Sls. M a 2 McKeo. Jr Compression presses: 1—200 ton, 1—150 ton Pres.-G. A ion li 
Pes ar; K Gei aed % Injection machines: 6—% oz., 1—1 oz. an P ; - —< li 
ur. Agt.—G. K. sbuhle Pres.-A. 1. Scbenke _— wnt Pag ae on ing 
Vice Pres.—-K. M. Schaake oro - Sappington 
Zenith Plastics of Mich., Inc. , Ypsilanti (1) 
Injection machines: 1—2% °s . ’ : 
perzel Co., Minneapolis, (C, I, T) 
Pres. and Pur, at —K. D. Bauer Compression presses: 1—30 ton, 4—600 ton, 4— NEBRASKA 
1200 ton 
acti ; °K Products, Lincoln Cc, ia 
Injection machines: 3-12 to 16 oz., 1-4 to errco peli 
MINNESOTA 6 oz, 1-16 oz — presses: 7—50 to 200 ton, ° 
p Transfer presses: 4—600 ton Inj » o hide Gl _—- 
*Contour Plastic Molding, Inc., Pres. & Pur. Agt.—M. J. McCabe i wengiians _ 7s 
Minneapolis (I) Vice Pres.—A. Deinard a ae 
Injection machines: 4—% oz.; 2—2 oz.; 1-2% Sls. Mgr.—H. H. Reinhard Pres.—R. W. Kerr ; 
oz.; 1—4 oz. Sls. Mgr.—D. W. Hemphill 
Pres. & Genl Mgr.—W. R. Hulstrand *° Thunderbird . : 
under Plastics Inc., Minnea- 
lis Omaha Plastics Co., Omaha 
Engineering Associated, Winona (1) Leen Machines: 2—12 to 16 oz., 3-8 _ Compression presses: 4-25 to 
Injection machines: 1—2 oz.; 1—4 oz. ‘.6 ox. tehok Injection machines: 2—1 to 4 
Gen. Mgr.—Basil W. Leggin Pres.-W. H. Schaper — gag ty ton — 
* Operates own tool room Vice Pres.—-Raymond Schaper wen b be a — 
* Indicates Advertiser Pur. Agt.—Henry Schaper ice Fres.—jewel B. 


St. Louis Plastic Moulding Co., St. Ls 
( ’ 


$25 ton 
OZ 
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“Wester rn Plastics Corp., Hastings (E) 
ctrusion machines: 8-1” to 3%” cap. 


John J. Leinson 


NEW HAMPSHIRE 


Hermsdorf, Industries, Inc., Manchester (I) 
Injection Machines: 2-12 to 16 oz. 
-Walter R. Hermsdorf 


Lamex Chemical Comp., Manchester (I, E) 
Injection machines: 
Extrusion machines: 4 
Pres.—Joseph C. Foster 


NEW JERSEY 


| Plastics Corp., Avon by the Sea (I 

sction machines: 2—4 to oz.; 1-12 to 
16 oz.; 1-8 oz. 

Pres.—Albert G. Tompkins 


Alpha Plastics, Inc., Livington (E) 
Extrusion machines: twin screw—rigid PVC 


ol 


®American Hard Rubber Co., Div. of 
Ame race Corp., Butler (C, I, T, E) 
ipression presses: 16-100 16—175 
ton; 30-200 ton; 39-250 ton; 3-380 
ton; 1—400 ton; 2—500 ton; 1-760 ton; 
1600 ton; 1—2400 ton 
tion machines; 1—1 oz.; 
48 oz. 
insfer presses: 1—500 ton 
Extrusion machines: 9—2%" to 4%” 
Pres.—-N. H. Tuthill 


8-8 oz. l-— 


*Atlas Plastics, Inc., Little Ferry (ID 
Injection machines: 3- 12 oz. 
Bernhard W. Maute 


Berkeley Engineering and Mfg., Berkeley 
Heig thts Cc, I 
Compression presses: 1—50 ton; 1-150 ton 

ection machines: 2—4 oz.; 1—8 oz.; 1-16 oz. 
amma Gen. Mgr.—Alfred F. Bahlke 
Partner, Factory Supt.—William Giese 


*Bloomfield Molding Co., Bloomfield (C, I) 
Compression presses: 2— ton; 4—200 ton; 
2-100 ton 
ijection machines: 
oz.; 4—16 oz.; 
Pres.—Sam Novick 


2—4 oz.; 
1—20 oz. 


1-8 oz.; 2-9 


*Boonton Molding Co. Boonton (C, I, T) 
Compression presses: 96 presses, 25 to 300 ton 
jection machines: 19 machines % oz. to 20 oz. 
Transfer presses: 17 presses, 25 to 300 ton 
Gen. Mgr.—George K. Scribner 
Plant Mgr.—Paul W. Dixon, Jr. 
Sis. Mgr. (Custom molding )—Chris J. Groos 
Sls. Mgr. (Tableware)—William T. Stopford 
Pur, Agt.—Henry Packer 


*Bro-Dart Industries, Newark (E) 
Extrusion machines: 1—40” 
Pres.—Arthur Brody 


°Carmer Industries, Inc., Kenilworth 
Compression presses: one ‘3e" x 36” 
Extrusion machines: four 2%” 
Personnel: 


President—Redmer, Carl A. 


*Cary Chemicals, Inc., New Brunswick (E) 
trusion machines: { 


Pres.—George F. Blasius 


*Celluplastic Corp.,, Newark 
Injection machines: 16—8 oz. to 80 oz. 
Extrusion machines: 5—up to 3%” 
Pres., Treas.—J. D. Giles 
Vice Pres. Sls.—J. D. Proctor 
Vice Pres. Prod.—A. Nichols 


(I, E) 


° Operates own tool room 
* Indicates Advertiser 


*Claremould Plastics Co., Newark @ 
Injection machines: 11— 2” oz. to 16 oz. 
Pres.—Samuel Clare 
Sls. Mgr.—George Clare 
Pur. Agt.—Philip Clare 


**Clifton Hydraulic Press Co., Clifton 
Compression presses: eight up to 30” x 30”— 
300 tons 


Injection machines: four 2% oz. to 4 oz. 


*Colorite Plastics of N. J., Inc., Paterson 


Extrusion machines: 2—4%”; 
1-1” 
Pres.—Milton S. Weiss 


(E) 
2-3%"; 2-2%"; 


*Coroplast Inc., Passaic (E) 
Extrusion machines: 6—total capacity 150,000 
Ibs. month 
Vice Pres.—W. A. Mollard 
Pur. Agt. and Plant Manager—Jacob Jaglom 


**Curtiss-Wright Corp. ehanna 
Injection ae pkey bye 48 oz. ® 
Pres.—R. T. Hurley 
Gen. Mgr.—Dr. K. F. Hager 
Works Mgr.—S. R. Miccio 


**Davis Plastic; Co., Joseph, Arlington 
Ae dL, E) 
Injection machines: 18, 2 to 16 oz. 
Extrusion machines: 25, 1 to 8” 
Pres.—Morton Davis 
Vice Pres.—Abraham Davis 
Treas.—Lincoln Stenhardt 
Pur. Agt.—Sam Goldblatt 
Sls. Mgr.—Stanley Shur 


*Dillon Beck Mfg. Co., Hillside +9) 
Injection machines: 3—4 oz.; 4—8 oz.; 2—16 oz. 
Pres.—J. Parke Logan 
Vice Pres. & Prod.—R. R. Lowe 
Vice Pres.—Charles Sanders 
Secy.-Treas.—W. E. Selby, Jr. 
Pur. Agt.—R. C. Ellis 


*Eagle Tool & Machine Co., » Hillside (Cc, 


Compression presses: 1—200 
Injection machines: 1—6 oz.; ie oz. 
Pres. & Sales Mgr.—Ermest J. Csaszar 
Vice Pres.—Albert B. Holz] 
Pur. Agt.—George Spiegel 
*Electronic Mechanics Inc., Clifton 


(C, I, E) 
Compression presses: 5 


Injection machines: 20 
Pres.—D. E. Replogle 


**Emeloid Co. Inc., The, Hillside 49) 
Injection machines: 1—2 oz.; 2—4 oz.; 2—6 oz.; 
2—8 oz.; 1—12 oz. 
Pres.—M. P. Leeds 
Vice Pres.—W. J. S, Freundlich 
Sis. Mgr.—G. W. Emerson 
Pur. Agt.—Mrs. Florence Headley 


*Fortney Mfg. Co. Inc., Newark (I) 
Injection machines: 1—4 oz.; 3—8 oz.; 1-12 oz. 
Pres. & Sls. Mgr.—Eugene L. Fortney 
Pur. Agt.—Elias L. Egeth 


*Garfield Mfg. Co., Wallington (C, T, CM) 
Compression presses: 47—10 to 500 tons cold; 
10—10 to 50 tons hot 
Transfer presses: 25—8 to 300 tons 
Pres.—F. W. Bauer 


*Garrett Corp., The, Air Cruisers Div., 
Belmar Cc 


Compression presses: 


10-30 tons to 500 tons 
Transfer presses: 1—300 tons 
Mgr.—J. E. Callahan 


*Garry Plastics Co. Inc., Kearny, (HD 
Injection machines: 7—2 to 12 oz. capacity 
Pres.—Joseph Charzewski 


**Gering Products, Inc., Kenilworth (EF) 


*Gibson Associates Inc., Cranford, (D 
Injection machines: 1—4 oz., 2—8 oz., 9-12 oz., 
1—22 oz. 
Pres.—Royal H. Gibson 


*Greising Engineering Co., Runnemede 


Compression presses: 7—1 to 100 ton te 


Injection machines: 1—2 oz. 

Transfer presses: 2—10 ton 
Owner-Operator—Al. Greising 
Pur. Agt.—Iola R. Greising 


*Hyde Co., A. L., Grenloch (D 
Injection machines: 2—200 oz., 1-28 oz., 1— 
24 oz., 1-20 oz., 1-16 oz., 2-12 oz., 
1—8 oz., 2—4 oz., 1—2 oz. 
Extrusion machines: 1-2” 
Pres.—A. S. Hyde 
Vice Pres.—L. L. Hyde, C. L. Hyde 
Sls. Mgr.—A. S. Hyde 
Pur. Agt.—A. L. Hyde 


Hydrawlik, Roselle 
Injection machines: 1—8 oz., 
Extrusion machines: 2—3%” 


(I, E) 
1—4 oz. 


Holstein Injection Molding, Inc., Lee, 
lifton (I) 

Injection machines: 2—12 oz., 1—8 oz. 
Pres.—Lee Holstein 


*Hungerford Plastics Corp., Morristown 
Injection Machines: 15-10 to 35 oz. 
Extrusion Machines: 6—2” to 8” 

Pres.—D. C. Hungerford 
Vice Pres.—J. Sandler, A. Osth, J. 
Pur. Agt.—R. Jacques 


Morrison 


*Industrial Devices Inc., 
Injection machines: 
Pres.—N. Schnoll 


Edgewater (I) 
5-2% oz. 


Industrial Plastic Co., Metuchen (E) 
Extrusion machines: 1”, 2”, 3%”, 3%”, 4%” 
Pres. & Pur. Agt.—Edgar A. Baurer 
Vice Pres. & Sls. Mgr.—Joseph Schenkman 
*Jersey Plastic and Die Casting Co. 
Irvington (CG, 1 I, T) 
Compression presses: 9 from 50 to 800 ton 
Injection machines: 12 from 3 to 200 oz. 
Transfer presses: 4 from 50 to 200 ton 
Pres.—Patrick B. Zazzara 
Sec.—Nicholas L. Zazzara 
Sls. Mgr.—Berkeley A. Cater 
Pur. Agt.—Joseph Circhirillo 


Kaye Plastics Corp., New Brunswick (I) 
Injection machines: 3-8 oz. 
Pres.—S. Leon Kaye 
Vice Pres.—Philip Kaye 
Pur. Agt.—N. G. Potter 


Kaykor Industries Inc., Div. of eee 


Mfg. Corp., Yardville 
Extrusion machines: 


Pres.—I. Korn 
Vice Pres.—V. C. Pierce 
Sls. Mgr.—J. L. Huscher 


1-2” 


*Keystone Plastics Inc., Newark 
Extrusion machines: 5 
Pres.—William Gould 
Vice Pres., Sec. Treas.—Charmma Gould 


**Killion Tool & Mfg. Co., Verona (E) 
Extrusion machines: 2—2%”" and 3%” 
Pres.—F. T. Killion 


*Kuhn & Jacob Molding & Tool Co., 
Trenton (C, T) 
Compression presses: 6—25 ton, 3—35 ton, 

16—50 ton, 9—65 ton, 16-100 ton 2— 
200 ton, 2—320 ton 
Transfer presses: 16-100 ton, 15—140 ton 
Pres.—Eugene Jacob 
Vice Pres.—Walter Jacob 
Sales Mgr.—Walter Jacob, Jr. 
Pur. Agt.—Michael King 





*Lermer Plastics Inc., Garwood 
Injection machines: 10 up to 20 oz. 
Pres. & Sls. Mgr.—Irving S. Lermer 
Vice Pres.—Herman B. Lermer 


*Laurel Plastics Inc., Wanamassa 
Injection machines: 9—3 to 16 oz. 
Pres.—David J. Rosenheim 


Liberty Plastics Co., Woodstown 


(C, I, T, E) 
20—50 to 1000 tons 


1—4 oz., 1-6 oz. 1l-— 


Compression presses: 
Injection machines: 
480 oz. 
Transfer: 1—50 ton, 2—100 ton, 1—1000 ton 
Extrusion machines: 1-2%”, 2—4%” 
Pres.—C. D. Keaton 


*°Lor-E] Company, Jersey City ( 
Injection machines: 14—1 oz. to 20 oz. 
Pres., Sales Mgr. & Pur. Agt.—Miss Lore E. 
Feller 
Vice Pres.—E. E. Angelica 


Lusteroid Container Co., Inc., Maplewood 
(L, E) 
Injection machines: 
Extrusion machines: 

Pres.—J. B. 


1-8 oz. 
1-1” 
Stobaeus, Jr. 


*Luzerene Rubber Co., Tre nton (C, I, E) 
Compression presses: 5—43 —36”, $B”, 
8—24” 
Injection machines: 1—5 to 7 oz. 
Extrusion machines: 1—4%” 
Pres.—Bruce Bedford 


M. C. I. Plastics Corp., Lakewood (I) 
Injection machines: 4—12 to 16 oz., 3—4 to 
6 oz. 
Pres.—R. E. Hartung 


*Mack Molding Co., Wayne (C, 
Compression presses: 45—15 ton to 5 
Injection machines: 67—% to 560 oz. 
Transfer presses: 12—90 to 560 tons 
Extrusion machines: 2 

Pres.—K. W. Macksey 
Vice Pres.—J. McIntosh 
Sls. Mgr. & Sec.—S. I 
Pur. Agt.—R. Marx, E. 


T, E) 


tons 


Howell 
Smith 


**Madan Plastics, Inc., Cranford (Cc, + #) 
Compression presses: 1-350 ton; 1-250 
Injection machines: 3—2 oz.; 1—6 oz.; 1— e. oz. 

1—16 oz.; 1—20 oz.; 1—42 oz. 
Pres. & Sales Mgr.—R. W. Madan 
Secy.-Treas.—E. K. Madan 
Chief Eng.—L. W. Jordan 
Pur. Agt.—S. Miller 
Plant Mgr.—A. Kwiecien 


*Martindell Molding Co., Trenton (C, I, T) 
Compression presses: 19—5 50 t to 300 tons 
Injection machines: 5—4 to 16 oz, 

Transfer presses: 12—100 to 800 tons 
Pres.—A. S. Martindell 


Mira Plastics Co. Inc., Paterson 
Injection machines: 2—8 oz., 2—12 
20 oz. 
Pres. & Treas.—Anthony Miragliotta 


Modern Molders Inc., Kenilworth +8) 
Injection machines: 6—4 to 16 oz. 
Pres.—Michael Lutz 
Pur, Agt.—Charles G. Karross, Jr. 


Natvar Corp., Woodbridge 
Extrusion machines: 10—2%” and 3%” 
Pres.—Frederick M. Damitz 
Vice Pres. & Sales Mgr.—Stephen S. 
Sichermann 
Pur. Agt.—M. Norris Hilseberg 


*Park Plastics Co., Linden @ 
Injection machines: 22—3 to 24 oz. 
Pres.—Arthur Lange 
Vice Pres.—Ed. Joffe 


* Operates own tool room 
* Indicates Advertiser 


oz., 1— 


(£) 
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*Parkway Plastics Inc., New Market (I) 
Injection machines: 
Pres. & Pur. Agt. a W. Rowan 
Vice Pres. & Sls. Mgr.—E. Kirby Preston 


Plastex Process Co Co., Maywood 
Extrusion machines : i= 1%”, 1—-2%” 
Pres. & Sls. Mgr.-C. Jeoden 
Vice Pres. & Pur. Agt.—R. Jordan 


(E) 


*Plastic Extruded Products Co., cabs 


Extrusion machines: to 3%” 
Sls. Mgr.—John G. Walsh 
Pur. Agt.—George J. Katelus 
(CM) 


**Plastic Horizons, Inc. Paterson 
Pres.—-W. L. Leipoto 


“Tit Inlays Inc., », Summit +9) 
4—8 oz., 3—4 oz. 
Pres.—James J. Larmour 





Plasticraft Mfg. Co., Kearny (D 
Injection machine: 7—3 to 12 oz. 
Pres.—Isador Siper 


Plasti-Foam Corp., Hoboken 
Compression presses 1-3’ x 6’ 
Pres.—James J. Sullivan 


(C) 


Plastylite Corp., N. Plainfield (C ap E) 
Compression presses: 1—50 ton, A to: on, 
6—100 ton, 5—150 ton, 1-250 ton 
Transfer presses: 1—100 ton, 1—150 ton, 1— 
250 ton 
Extrusion machines: 2—2%” 
Pres. & Sls. Mgr.—H. Weinraub 


*Plura Plastics, Maplewood (I) 


Injection machines: 8 oz., 1—2 oz. 
Pres. & Owners—Wilbert J. Gahm 


*Pyro Plastics Corp., Union (D 
Injection machines: 42—ranging in size from 
2 to 12 oz. 
Pres.—Wm. M. Lester 
Vice Pres. & Treas.—B. L. Lester 
Sls. Mgr.—Marvin A. Elson (Proprietary— 
A. L. Krebs (Custom)—Martin Krone 
( Premiums ) 
Pur. Agt.—Louis Lubars 


*Reliance Plastic & Chemical Corp., 
Paterson 
Extrusion machines: 2 
Pres. & Pur. Agt.—Fred Levine 
Sls. Mgr.—J. R. Gordon 


Resistoflex Corp., Roseland 
Pres.—E. S. Peierls 
Exec. Vice Pres.—J. M. Gentile 
V.P. Sales—H. E. Krebs 
Mgr. Indus. Sls—H. H. Wulff 
Pur. Agt.—R. Atkins 


*Richard Alan Button Co. 
Compression presses: ~150 
80 ton, 1-50 -_ 
Injection machines: 1—2 oz. 
Pres. & Sls. Mgr.—B. S. Haines 


Roosevelt (C, DD 
to 200 ton, 1— 


*Shasta Mfg. Co., Berkeley Heights 18) 
Injection machines: 8, 
Genl. 


Mgr.—G. S. AS adagy 


*Shaw Insulator Co., Jsvingtoo i I, T) 
Compression presses: 40— 
Injection machines: Pg tad ping A peng 
Transfer presses: 44, from 15 to 350 tons 
Pres.—Frank H. Shaw 
Vice Pres. Sales & Eng.—Stanford H. Shaw 
Vice Pres. & Secy.—M. M. Stallman 
Pur. Agt.—Frank P. Ashley 
Gen. Mgr. & Treas.—William R. Hopkins 
Mgr.—John Lombardi 


“ene Tool & Die Co. Inc., Spring. 


Injection machines: 1—6 oz., 4-12 oz., 1-%4 


oz. 
Pres. & Sls. Mgr.--Ludwig Stark 


Star Mfg. Inc., Little Ferry (C, T) 
Compression presses: 8-10 to 200 tons 
Transfer presses: 7-10 to 200 tons 

Pres.—Frank Vecchiotti 


*Sterling Plastics Co., Union 
Injection machines: 12—2 to 20 oz. 
Pres.—Geo. J. Staab 
Sls. Mgr.—Chas. A. Cox 
Pur. Agt.—F. E. Betz 


*Sussex Plastic Co., Belleville 
Extrusion machines: 2—2%", 4—1\%” 
Manager—W. Eckert 
Sls. Mgr.—J. Strasbourger 


*Swenson Co., Inc., V. H., Arlington ) 
Injection machines: 4—4 oz., “die 8 o 
Pres.—V. H. Swenson 
Vice Pres. & Pur. Agt.—G. I. Feeley 


*Tech-Art Plastics Co., —e 
I 

Compression presses: 80 from 50 ware 
Injection machines: 8—from 2 to 20 oz. 
Transfer presses: 6—from 50 to 200 ton 

Pres.—Henry W. Harding 

Vice Pres. & Treas.—Harold J. Cook 

Sls. Mgr., Vice Pres. & Secy—Clinton Grove 

Buyer—Michael Halabura 

Vice Pres. & Plant Mgr.—Howard Luke 


*Tell Mfg. Co., Orange 
Injection machines: 8—6 oz. 
Extrusion machines: 6—2%", 3%” 

Pres., Sls. Mgr. & Pur. Agt.—Philip Tell 
Vice Pres.—Bernard Steiner 


(I, E) 


*Thermoplastic Processes, Inc., Stirling (E) 
Extrusion machines: 10—from 1%” to 4%” 
Pres.—_James M. DuPont 


Thomas Mfg. Corp., Newark 
Injection machines: 12—1 to 8 oz. 
Pres.—Islyn Thomas 
Vice Pres.—Kasper Staub 
Sls. Mgr.—Fred Bovais 
Pur. Agt.—William Williams 


** United States Gasket Co., Camden 
(C, I, E, CM) 

Compression presses: 12 from 5 to 3000 tos 
Injection machines: 8—to 8 oz. 
Extrusion machines: 14—to 3” 

Pres.—A. J. McMullen 

Vice Pres.—C. M. Hobson, Jr. 

Sls. Mgr.—H. S. Stott 

Pur. Agt.—J. W. Campbell 


*Wagner Plastic Corp. Lakewood (1) 
Injection machines: 2—2% oz. to 12 oz. 
Pres.—Walter Wagner 
Vice Pres.—Lester Myers 


*Wiggins Plastic Molding Co. Inc., an 
Compression presses: 30, 15—500 ton . 
Transfer presses: 18, 20—500 ton 

Pres.—A. J. Wiggins 
Secy.—P. Rainone 


ag 1 & Mf Co. Ki 
West Tes ite. Co. 


sees oe L. stuleus 
Vice Pres.—Richard Niclaus 


16 02 4 


NEW YORK 
Aacon Industries, Inc., J yr ae 


TIniecti 





oz.; 1—32 oz. 





Extrusion machines: 10” dia. on round, 30” 
dia. an flat extrusion, unlimited on casting 
Pres.—Harry San 
Vice Pres.—H. B. San 
SIs. Mgr.—John Arnold 
Pur. Agt.—M. Lieberman 


**Ace Plastic Co., Jamaica (E) 
Extrusion machines: 2-1"; 2—-1%", 3—%", 
2-—3%” 
Partners: A. D. Seidman, G. J. Seidman and 
S. Seidman 
Sis. Mgr.—S. Seidman 
Pur. Agt.—I. Steinberg 


Advance Molding Corp., New York (I) 
Injection machines: oz, to 12 oz. 
Pres., Pur. Agt.—Sidney Lewis 
Vice Pres.—Charles Levin 
Sls. Mgr.—Carl Lewis 


*Almor Plastics, Inc., Bronx (ID 
Injection machines: 6—8 oz.; 4—12 oz. 
Pres.—Robert Genin 


*American Plastics Corp., N. Y. 
Compression presses: 
Injection machines: natenien 8 to 12 
Extrusion machines: 4 
President: Walter J. A. Connor 


(C, I, E) 


*American Plasticraft Co., New York (Cc, D 
Compression presses: 10—to 1 


Injection machines: 4—2 oz., “ox oz. 
Partners—Frank Yablon and Leo Cooper 


** Anchor Plastics Co., Ine. L. I. C.  (E) 
Extrusion machines: 4—3%", 11-2”, 1—%”, 
38—1%” 
Pres: R. A. Fisch 
Sls. Mgr.—R. A. Fisch 
V.P.—Myron Rothman 
P.A.—Leo Gans 


*° Auburn Plastics, Inc., Auburn C1 =. ED 
Compression presses: 5—35 4-75 * 
15—150 ton, 2—500 ton, re He ton, ‘i 
ton, 1—600 ton 
Injection machines: 
oz., 3—22 oz. 
Transfer presses: 6—75 ton, 2—100 ton, 4-150 
ton, 1-200 ton, 4—3800 ton, 3—300 ton, 
1—600 ton 
Extrusion machines: 2—1%" 
4—4%", 1-5” 
Pres.—J. H. Woodruff 
Vice Presidents—E. M. Woodruff, Douglas 
Woodruff, Jr. 
Pur. Agt.—G. H. Johnson 


1-1 oz., 1—4 oz., 14-8 


> 4-2%", 2-3%", 


* Augusta Plastics, Inc., Bronx 9) 
Injection machines: 1-8 oz.; 4—-12/16 oz.; 
1—2 oz. 
Pres.—Stanley Sapery 
Pur. Agt.—Murray Nadel 


Axel Plastics Research Laboratories, 
Brooklyn 


*Beacon Plastic & Metal Products, Inc. 
New York (H 


Injection machines: 2—24 oz. 
Pres.—I. Martin Spier 


*Bernard Plastics Molding Corp., Lon 
Island City 
Injection machines: 1-2 0Z.; 
oz.; 1—16 oz. 
Pres., Sls. Mgr.—Bernard B. Levine 
Pur. Agt.—William Prime 


1-6 oz.; 1-12 


Bo-Mer Mfg. Co., Inc., Auburn (C) 
Compression presses: 3~80 ton; 1—50 ton; 
1—150 ton 
Pres. & Gen. Mgr.—K. H. Bowen 
Vice Pres. & Treas.—R. A. Nelson 


° Operates own tool room 
* Indicates Advertiser 


“Retemer Mfg. Corp., New York (I, E, CM) 
jection machines: 4—16 oz.; 4—12 oz.; 
i—6 oz.; 2-2 oz. 
1-%"; 2-2”; 


Pres., Sls. Mgr.—Herman J. Brickman 
Vice Pres.—Bert B. Brickman 


*Brilhart Plastics Corp., Mineola 


(C, i Ey ao 
Compression presses: 
4—50 ton; 1—125 ton; 1-40 rg 1-10 
ton 
Injection machines: 1—32 oz.; 1—16/20 oz.; 
6-12 oz.; 3-8 oz.; 3-6 oz.; 4—2 oz.; 
10—less than 1 oz.; 1—4 oz. 
Transfer presses: 1—50 ton; 1—100 ton 
Pres. J. M. F. Conrad 
Vice Pres.—Arthur W. Cummings 
Sis. Mgr.—T. C. Ackerly 
Pur. Agt.—W. Shea 


*Caldwell Products, Inc., Pelham im 


Injection machines: 25—2 oz. to 8 oz. 
Pres.—Joseph Schiff 
Vice Pres., Sls. Mgr.—Ludwig Leaf 
Pur. Agt.—Leonard Leaf 


**Chili Plastics, Inc., N. Chili 9) 
Injection machines: 6-2 to 8 oz.; 2—4 to 6; 
2—8 oz.; 1-6 oz.; 1—2 oz. 
Pres.—Alton Dailey 
Vice Pres.—S. Richard Lehman 


Clinton Plastics Molders Corp., Seeclii 


Injection machines: 8—12 oz. to 16 oz.; 2—4 
oz.; to 6 oz.; 1—4 oz. 
Pres.—Harry Rubin 
Sls. Mgr., Pur. Agt.—Stanley Werner 
Factory Mgr.—Eli Werner 


**Contour Extrusion Co., Mamaroneck 
Extrusion machines: six machines up to 2%” 
Owners: Dukess, J. & Van Leeuwen, H. 


*Cotton & Co. Inc., C. B. Brooklyn (D 
Injection machines: 7—6 oz. to 22 oz. 
Pres.—Chester B. Cotton 
Vice Pres.—Royden B. Edwards 


Cox Plastics Corp., Buffalo (C) 
Compression presses: 6-15 to 250 tons 
Pres. & Pur. Agt.—James V. Cox 


Creative Plastics Corp., Stony Brook (C) 
Compression presses: 22, 1 ton to 50 tons 
Pres.—Todd Harris 
Vice Pres. and Sls. Mgr.—Warren Vierow 


Crellin Plastics Corp., Chatham (1) 
Injection machines: 2—20z., 4—8 oz., 2—16 oz., 
1—20 oz. 
Pres.—John R. Crellin, Sr. 


DeBo Mfg. Co., L. F., Depew (D 
Injection machines: 1—2 oz.; 1—4 oz. 
Pres.—Leroy Debo 


*Diemolding Corp., Canastote (C, T) 
pression presses: 500 ton 
Transfer presses: a = 500 ton 
Pres.—Donald H. Dew 
Vice Pres.—Donald F. Dew 
Vice Pres. & Sis. Mgr.—B. Jarvis Dew 


*Disogrin Industries Inc. Mt. Vernon (C) 
Compression presses: 4—150 ton 
Vice Pres.—R. E. Williams 


*DuBois Plastic Products Inc., Buffalo (I) 
Injection machines: 19—from 1 to 24 oz. 
Pres.—N. J. Taylor 
Vice Pres.—W. F. Sterne and R. A. Bright 


Excel Plastic tic Mig. Corp., New York +9) 
ion machines: 1—6 oz.; 2—8 oz.; 2—16 oz, 
Pres. & Pur. Agt.—Adolph Deliheim 


*Ferragut Plastics Corp., Brooklyn, 
Injection machines: up to 16 oz. 
Pres.—Howard W. Partridge 


Favorite Plastic Corp. ., Brooklyn (E) 


Extrusion machines: from 2%" to 3%” 
Pres.—Fred F. Weiss 


*Fiberoid Doll Products Corp., New Yor 


Injection machines: 1—8 oz.; 1—12 to 16 oz.; 
1-16 oz. 
Pres.—Abraham Maisel 


*Forbes Products Cup. ., Rochester (E) 
Extrusion machines: 
Pres.—Charles whe 


*Frisch Plastics Corp., New York @M 
Injection machines: 2-16 oz. 
Pres.—Anna Frisch 


*Gabriel Mfg. Co., Haverstraw, 4) 
Injection machines: 1-12 oz., 2—9 oz., 2-4 
oz., 1—2 oz. 
Pres.—Ed Gabriel 
Vice Pres.—Robert Gabriel 


*Gary Enterprises, Inc. 2 Brooklyn, (Dp 
Injection machines: oz., 1-10 oz., S= 
12 x 16 oz., Taman. 1—12 oz. 
Pres. & Pur. Agt.—R. B. Fritzhand 


Genesee Laboratory Inc., Auburn 
Extrusion machines: 6 from .010” 
ID 
Pres.—Herbert A. Cook 


to 


*Glass Laboratories, Inc., Brooklyn (I, E) 
*Gries Reproducer Corp., New Rochelle 


Injection machines: No min, size 
Pres.—Otto Gries 


*Guild Molders Inc., Elmsford, @M 
Injection machines: 2 and 3 oz. 
Pres.—Emil Davidson 
Treas.—Harold Katz 


*Haller Plastics Corp., Long Island City 


Injection machines: 
oz., 3—16 oz. 
Pres. Carl Haller 


2—4 oz., 2-8 oz., l— 


*Harkin Affiliates Inc. 


New York @M 
Injection machines: 


4-6-8— 12 oz. (8) 


Hopp Plastics, New, York 48) 


“aa: machines: 
Pres.—Hermann I 
Vice Pres.—Philip Hopp 


*Hydro Moldings Co. Inc., Plas 
Cc si : 11—50 to 175 wa Tis 
Injection machines: 12—1% oz. to 8 oz. 
Transfer presses: 8—50 to 175 tons 
Pres. & Sls. Mgr.—S. Levites 


**Ideal Plastics, Div. of Ideal Toy "ts 





Hollis 
Injection machines: 8-3 oz.; 10—4 oz.; 
oz.; 2-9 oz.; 14—12 oz.; 2—16 oz.; QO 
20 oz.; 4—32 oz.; 2—48 oz.; 2-60 oz. 
Pres.—D. Rosenstein 
Vice Pres.—Lionel Weintraub 
Treas. & Prod. Mgr.—A. M. Katz 
Vice Pres. Plastic Sales—A. C. Manovill 
Pur. Agt.—L. Hansburg 


*Industrial Sales Engineers, New Cr %'n 
Compression presses: sessile” C1 
Injection machines: up to 22 oz. 

Transfer presses: up to 600 tons 
Extrusion machines: 8 up to 6” 
Pres. — Sls. Mgr.—L. Posner 





Injection Molding Corp., New York, 
Injection machines: 12—4 oz. to 32 oz. 
Pres.—Daniel D. Whyte 
Vice Pres.—Production—Jay Whyte 
Vice Pres.. & Sales Mgr.—Nicholas Klein 


International Plastics Co., New York, (I, E) 
Injection machines: 1—2 oz., 1—8 oz., 1—12 oz. 
Extrusion machines: 1—3” 

Pres.—Morton M. Ross 


** Insulation Manufacturing Co., Inc., 
Brooklyn (C, T) 
Compression presses: 50—15 ton to 450 ton 
Transfer presses: 5—22 ton to 450 ton 

Pres.—Ethel L. Starke 


*Jamison Plastic Corp., North Bellmore (D 
Injection machines: 13—2 t 
Pres.—Harry Jamison 
Vice Pres.—Stanley Bindman 
Treas.—Jack Jamison 


*Jodee Plastics Co., Brooklyn 
Injection machines: 3—8 oz. 
Extrusion machines: 1—2%” 

Pres. & Vice Pres.—J. D. Buglione 
Sls. Mgr. & Pur. Agt.—Nicholas Meglino 


(I, E) 


Kwik-Mold Plastic Corp., New York (I) 
Injection machines: 1—2 oz., 2—4 oz., 3—8 oz., 
1—16 oz. 
Pres., Sls. Mgr. & Pur. Agt.—J. Pearlman 


Leaf Plastics Inc., Yonkers (D) 
Injection machines: 2—4 oz., 2—8oz., 1—10 oz., 
2—12 oz., 1-12 oz., 1—20 oz. 
Pres. & Pur. Agt.—George W. Leaf 
Sec. & Treas.—Dr, Wm. Leaf 
Sls. Mgr.—Lester Gabriel 


“Lee Chemical Corp., Walter, Bronx (C, E) 
Extrusion machines: 5 


Pres.—-W. Elsfelder 
Vice Pres.—A. Hodges 





*Loewinger Mold Engineering Co., Brook- 
lyn C, 8 T) 
Compression presses: 1—30 ton, 2—150 ton 
Injection machines: 1—2 oz., 1—4 oz., 2—8 oz. 
Transfer presses: 1—120 ton, 1—30 ton 

Owner: Lawrence Loewinger 


*Lumelite Corp., Pawling (D 
Injection machines: up to 4 oz. 


*Lunn Laminates, Inc., Huntington Sta- 
tion (C) 
Compression presses: 5—from 40 to 200 ton 
Pres.-Sls. Mgr.—James S. Lunn 
Vice Pres.—Harry T. Douglas 
Pur. Agt.—Edward W. Kirchner 


*Majestic Molded Products Inc., New Yor 


Injection machines: 22—4 to 200 oz. 
Pres.—Henry Wish 
Vice President—Norman R. Davis 
Vice Pres. & Sls. Mgr.—Irving Sacharoff 
Vice Pres. & Pur. Agt.—David Sacharoff 


Maridon Mig. Cos Comp, Booehivs 
Injection machines oz. 
Extrusion machines: —° 


qd, E) 


*Mastro Plastics Corp., New York 
Injection machines: 22—4 oz., 8 oz., 12 oz. 
16 oz., 22 oz. 
Pres.—Mario Maccaferri 
Vice Pres.—C. A. Sherman 
Sls. Mgr.—H. J. Kolenski 
Pur. Agt.—H. K. Chadakoff 


* Operates own tool room 
* Indicates Advertiser 
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*Molded Industrial Plastics, Inc., Flushing 
) 


Injection machines: 2, 6, 9 and 16 oz. 
Pres.—I. Allen 


*Norton Laboratories Inc., Leckoest en 
Compression presses: 47—75 ton to & ton 
Injection machines: 14—2 to 16 oz. 

Transfer presses: 15—100 to 300 tons 
Pres.—James B. Neal 
Vice Pres.—Milton L. Seekins 


Plastic Glass Corp., Newark (E) 
Extrusion machines: 
Plastic Service Corp., New York 
Transfer presses: 1-18 x 30, 300 ton 
Pres.—William Kaplan 


(T) 


*Plastiline Inc., White Plains (D 
Injection machines: 1—6 oz., 2—8 oz., 1—10 
oz., 2-12 oz., 1—16 oz. 
Pres.—Bryce N. Batzer 
Vice Pres.—Milton A. Batzer 


*Poly-Cell Plastics Co., Smithtown 


Extrusion machines 
Pres. & Sls. eon Rosenberg 
Vice Pres.—R. Rosenberg 


(E) 


*Progressive Plastics Mfg. Co., New York 


Injection machines: 7—12/16 oz., 
8—8 oz., 1—4 oz. 
Owner: Harry Meklembourg 


1-3 oz., 


“R. C. Molding Ine., New Hyde Park, Ay 
Injection machines: 1—4 oz., 3—6 oz., 1 
2—12 oz., 4—16 oz. 
Pres.—B. E. Wessinger 
Vice Pres., Sls. Mgr. & Pur. 
Humphrey 


Agt.—G. P. 


Ralston & Co., W., New Rochelle 
Gen. Mgr., Vice Pres. & Pur. 
Perri 
Sales Mgr.—Charles Selig, Jr. 


(E) 
Agt.—Mario 


*Robinson Plastics Corp., New York (I) 
Injection machines: 2—16 oz., 3—12 oz. 
Pres.—Sol M. Robinson 
Vice Pres.—Irwin I. Rubin 


**Rotuba Extruders Inc., Brooklyn (I, E) 
Injection machines: 4 


Extrusion machines: 9 
Pres.—Walter Bell 
Vice Pres.—John Novelo 
Sls. Mgr.—R. L. Bouse, H. J. Weber 
Pur. Agt.—M. Muckler 


St. Regis Paper Co., Panelyte Div., New 
York (C, Y=) E) 
Compression presses: 30—from 35 to 1 
Injection machines: 45—2 to 120 oz. 

Transfer presses: 6—from 200 to 300 ton 
Extrusion machines: 1—2%”; 1-—3%"; 1—4%”"; 
1-—@” 
Pres.—W. R. Adams 
Vice Pres.—C. R. Mahaney 
Gen’l. Sls. Mgr.—P. P. Ryan 
Ass’t. Gen’l. Sls. Mgr.—C. L. Walters 
Pur. Agt.—J. W. Hartung 

Shoe Form Co. Inc., Auburn (E) 
Extrusion machines: 1—3%” 

Pres.—Frank P. DeWitt 


Soscialty Insulation Mfg. Co. Inc., Hoosick 


Fa 2) 
Compression presses: 32—6”, 23-8”, 15-10", 
11-12”, 3~—15”, 2-21” 
Transfer presses: 4—8”, 2—10”, 6-12” 
Pres. & Treas.—E. J. Skorupski 
Vice Pres.—H. H. Rice 


Sterling Molders Inc., Buffalo i 
Injection machines: 1-12 oz., 5—8 o7., 14 
oz., 1-10 o2., 5—6 oz., 1-3 oz., 2-2 
Pres. & Sls. Mgr.—John Hammond Kirk 
Vice Pres. & Chief Engr.—Paul H. Bron. 
nenkant 


“Streamline Plastics Co., New York (I, F) 
jection machines: » 1-4 o7., 8-24 oe 
pce machines: cm 1-1 
Partners: Sol Bartner, Morton Schlussel, Ej 
Schlussel, Morris J. Schlussel 


*Syracuse Ornamental Co. Inc., Syracuse 


Compression presses: 1—500 ton, 4-235 
6—170 ton 
Pres.—A. E. Holstein 
Vice Pres.—P. M. Holstein 
Sls. Mgr.—R. A. Holstein 
Pur. Agt.—M. F. Clark 


Syracuse Plastic Molders, Syracuse (I 
Injection machines: 1—4 oz., 1—8 to 10 o: 
Pres.-Sls. Mgr.—J. < Falcone 
Vice Pres.—A. Falcone, Jr. 


*Thermold Corp., Manlius 
Injection machines: 1—12 oz., 
oz., 1-2 oz. 


1-9 « 


*Tico Plastics Inc., New York 
Injection machines: 10: 4-16 oz., 5 
1—4 oz. 
Extrusion machines: 1—2” 


°Tri-Point Plastics Inc., Albertson 
Extrusion machines: 8—up to 1%” 
Sls. Mgr.—Pat Ruggieri 


“Voges Mfg. Co 
Injection machines: 
Pres.—F. W. «Pa 
Vice Pres.—Robert Voges 
Sls. Mgr.—J. H. Stanek 
Pur. Agt.—V. S. K. Johnson 


Quane Park 
to 16 oz. cap. 


**Vost M Mfg. Corp., Rochester (E) 
xtrusion machines: 14 up to 4%” 
Pres.—L. S. Foulkes, Jr. 
Vice Pres., Mgr. & Sls. Mgr., Plastics Div.- 
R. A. Lander, Jr. 
Pur. Agt.—J. H. Ramsey 


** Waljohn Plesties Ine, Brooklyn 

Injection machines 

Extrusion sanchines: : 
Pres.—Walter Bell 
Vice Pres.—John Novelo 
Sls. Mgr.—Robert L. Bouse 
Pur. Agt. & Prod. Mgr.—M. Hershta! 
Maint. Mgr.—Wm. Hendrickson 
Plant Mgr.—Ed. Schlang 


(I, E) 


Weesiite Co., New York 
jection machines: 2—8 oz. 


Westchester Molded Products Co.. 
— machines: 1—2 oz. 


*Westplex Corp., Rochester ( 
en machines: 1-12 oz., 2—10 oz., - 


oz., 2-2%” 
Pres.—J. A. West, Jr. 
Vice Pres.—E. G. Ritter 
Sls. Mgr.—R. E. Lee 


Wigs Mfg. Co. is. Co. Ine, Now York 3 
"Seceae D. Whyte 


Vice Pres.-Prod.—Jay i Wee 
Vice Pres., Sls. Mgr.—Nicholas Kleio 





World Plasties, New York 

jection machines: 1—16 oz. 
usion machines: 2—3%”", 
1-1" 

Partners: Milton Book, L. A. Cook, E. B. 
Leimseider, George Streisguth 

Sis. Mgr.—E. B. Leimeeider 

Pur. Agt.—Milton Book 


NORTH CAROLINA 


* Burlington Molding Corp., pbiaien 


mpression presses: 4—15 ton to tt 
jection machines: 6-3 oz. to 48 oz. 
ransfer presses: 1—3200 ton 

Pres.—V. W. Lane 


°Carolina mag 6 Plastics Div., ar 
Wire Corp., Mt 
Estrusiom Sm 16-214" to 6” 


d, E) 


1-2%”, 2-2", 


I, T) 


trusion machines: 
s.—D. L. Webb 
Dockery Mfg. Co. Ine., Pee (C) 
pression presses: 1” x 21” 
platen sizes 
s.-Nicholas W. Dockery 


°Southern Plastics Engineering Corp., 
Greensboro is ay T) 
ipression presses: 5—15 to 350 tons 
ection machines: 4—3 to 22 oz. 
insfer presses: 3—30 to 70 tons 
Pres. & Pur. Agt.—Jack W. Worsham 


OHIO 


Ackerman Plastic Molding Div., Consoli- 
dated Iron-Steel Mfg. Co., Cleveland (T) 
Transfer presses: 11-100 to 385 to 

Pres.—L. S. Cawrse 
Vice Pres.—J. F. Maine, J. Hanks 
Gen. Mgr.—A. F, Kuthe 


Adams Plastic Products, Cincinnati (I) 
tion machines: 2—8 oz.; 1—3 oz. 
Pres.—Raymond N, Adams 


Allied Resins, Inc., Conneaut 
Compression presses: 1—500 ton 
Extrusion machines: 3—8%"; 4—6”; 

1-24"; 1-1” 
Pres., Sls. Mgr.—Edward J. Malek 
Vice Pres.—Norman K. Anderson 
Pur. Agt.—John Moneypenny 


(C, E) 
6—4%"; 


*° American Agile Corp., Maple Hts. 


, I, E) 
tom molders & 1-48 x 72, 
1—48 x 96 
njection machines: 2—16 oz.; 
xtrusion machines: 3 
Pres.—Dr. J. A. Neumann 


Vice Pres. & Sales Mgr.—Mr. C. F. Freedman 


*Argo Plastic Products Co., Inc., Cleveland 
I, E) 


extruders: 


1—160 oz. 


ction machines: 1-16 oz. 
Extrusion machines: 2%” width 
Pres.—H. Dlott 


** Barron, J. E., Plastics, Inc., Cincinnati 
Injection machines: 1-2% oz. ® 


Pres., 


Sls. Mgr. & Pur. Agt.—J. E. Barron 
Vice Pres.—T. B. Reynolds 


Bluebird Plastics, Inc., Coshocton (1) 


Injection machines: 1-2 oz.; 1—8 oz.; 2—28 oz. 
immons 


Pres.—W. D. T. 
Vice Pres.—Dr. R. K. Fox 
Sls. Mgr., Gen. Mgr., Pur. Agt.—Edward B. 


Dennison 


“Buckeye Molding Co., Miamisburg _(I) 
Injection machines: 2-16 oz.; 4—12 oz.; 1-8 
oz.; 5—3 oz. 
Pres.—William H. Robinson 
Vice Pres.—Eleanor W. Robinson 
Sls. Mgr.—C, R. Scheuring 
Pur, Agt.—C. G. Balyo 


Uperates own tool room 
* Indicates Advertiser 


*Carlon Products Corp., Cleveland — (I, E) 
Injection machines: 2—12 oz. & 1 
Extrusion machines: 40—2” to eae 
Pres.—William L. Abramowitz 
Vice Pres.—Philip S. Britton 
Sls. Mgr.—Thomas W. Dunn 
Pur. Agt.—James D. Cleminshaw 


*Campro Co., The, Canton 
Injection machines: 13—6 oz. to 32 oz. 
Pres.—Albert Harris 
Vice Pres.—Charles Wolk 
Sis. Mgr.—Robert Sweaney 
Pur. Agt.—Robert Arner 


*Champion Molded Plastics, Inc., Bryan (I) 
Injection machines: 18—4 oz. to 60 oz. 
Pres.—L. L. Phillips 
Vice Pres.—George Hester 
Plant Mgr.—Frank Schneider 
Pur. Agt.—J. C. Sloan 


Cincinnati Molding Co., Cincinnati (C) 
Compression presses: 6—75 ton 
Owner: H. C. Pendery 


*Columbus Plastic Products, Inc., Colum- 
bus 
Injection machines: 55- 
Pres.—G. W. Keny 
Sls. Mgr.—D. S. Poulton 
Pur. Agt.—H. L. Schafer 


2 oz. to 300 oz. 


*Conneaut Rubber and Plastics Co., The, 
Conneaut 
Extrusion machines: 3—2%”; 
Pres.—J. M. W. Chamberlain 
Vice Pres.—Robert C. Hunter 
Sls. Mer.—John H. Davison 


2—2%”; 2—4%” 


*Cosmo Plastics Co., 

Injection machines: 3—8 
Pres.—I. Gordon 

Vice Pres.—A. Gordon 

Sls. Mgr.—B. Gordon 


Cleveland (DD 


oz; 4—12 oz. 


D & G Plastics Co., Kent @ 
Injection machines: 1—8 oz., 1-12 oz., 1— 
to 20 oz. 
Partners—D. L. Davenport & Victor Gontero 
Sls. Mgr.—L. Sewell 
Pur. Agt.—Charles Marshall 


*Dimco-Gray Co., Dayton 

Compression presses: 17—5 to 400 ton 

Transfer presses: 83—60 to 140 ton 
Managing Partner—F. E. Gray 
Partner—R. K. Gray 
Asst. Gen. Mgr.—R. A. Wright 
Sls. Mgr.—C. F. Dearth 
Pur. Agt. & Partner—J. D. Gray 


(C, T) 


Elyria Molding & Engineering ~ Elyria 


> 


Compression p : 8—50 ton 
Injection machines: 2—8 oz. & 16 oz. 
Transfer presses: 8—80 to 850 ton 





Ferriot Bros., Inc., Akron 
Injection machines: oz.; 4—8 oz.; 4—1 
oz.; 2—20 oz. 
Pres.—Glenn H. Ferriot 


*Geauga Industries Co., Middlefield, (E) 
Extrusion machines: 5 
Pres.—Adrian Welch 


*General Industries Co., The, Plastics Div. 
arn oh 
presses: 97 from 30 to ton 
Injection machines: 16 from 8 oz. to 200 oz. 


Transfer & plunger presses: 29 from 100 to 
425 ton 

Pres.—-Wm. E. Foster 

Chairman of Bd.—A. W. Fritzsche 

Mgr. Plastics Div.-M. Barchard 

Asst. Mgr. Plastics Div.—C. M. Norris 

Sls. Mgr. Plastics Div.—J. M. Callihan 

Dir. Engineering—R. L. Smith 

Chief Engineer—D. F. Rubb 


*°General Tire & Rubber Co., Akron (E) 
Extrusion machines: up to and including 3” 
Pres.—William O'Neil 


*Glastic Corp., The, Cleveland (C, E) 
Compression presses: 18 


Extrusion machines: 4 
Globe Molded Plastics Co. Inc., Byeovil® 


Injection machines: 2—16 oz., 1—4 oz. 
Pres.—Verland E. Frederick 
Vice Pres.—Lewis H. Matheny 


Sls. Mgr. & Pur. Agt.—A. T. Gander 


*Kindt-Collins Co., Cleveland (E) 
Extrusion machines: 2% 


**Kurz-Kasch Inc., Dayton (C) 
Compression presses: 130—10 to 800 ton 
Pres.—W. G. Davidson 


Vice Pres.—R. L. Davidson, F. R. Kiernan 
Sls. Mgr.—R. L. Davidson 


Pur. Agt.—I. H. Naas 


L & P Tool Co., Cincinnati 
Compression presses: 1—50 ton 
Extrusion machines: 1—1%” 

Pres.—Philip H. Rhodes 


(C, E) 


Lake Erie Plastics Co., Elyria (I) 
Injection machines: 1—4 oz., 2—8 oz., 1-10 
oz., 1-16 oz. 
Owner: O. F. Everitt 


Lincoln Molded Plastics Inc., mcm % 


Injection machines: 23—3 oz. to 200 oz. 
Extrusion machines: 2 
Pres.—H. M. Jenkins 
Vice Pres.—Mfr. & Sales—M. W. Burkhart 
Asst. Sales Mgr.—D. E. Meyers 
Secy. & Treas.—J. H. Goodman 
Asst. Secy. & Treas.—E. S. Jankura 


Majestic Molding Co, Elyria (D 
Injection machines: oz., 4-8 oz. and 
2—16 oz. 

Pres.-Owner: 


W. T. Kahliff 


Manufacturer’s Corp. of Ohio, Mansfield 


Extrusion. machines: 1-2", 14%" 


2-3%", 
Pres.—Gilbert E. Leadbett 


Meridian Plastics ine., Byesville 
Injection machines: 
Extrusion machines: rs 
Asst. Treas.—E. M. Brown 


(I, E) 


*Metal Specialty Co., The, Cincinnati (I) 
Injection machines: 1— "1% oz., 2—4 oz., 1-16 
oz., 3—48 oz. 
Pres.—Arnold Tietig, III 
Vice Pres.—Glen Rebka 
Sls. Mgr.—Gordon P. Reif 
Pur. Agt.—Joseph Stross 


Mold-Rite Plastics Inc. Cambridge (C, T) 


Soe presses: hor 4 
Pres.—LeRoy F. James 





*Munray Products Div, 


Co., Cleveland 

Extrusion machines: 2—2%”, 
Pres.—T. E. Butz 
Sis. Mgr.—V. K. Jack 
Pur. Agt.—Leo Follen 


The Fanner Mfg. 
1-3” ts 





Owens-Illinois Glass Co., Closure & Plas- 
tics Div., Toledo 
Compression presses: 60 ton 
Injection machines: % oz. to 12 oz. 
Vice Pres.—O-I Gen. Mgr. Clos. & Plastics 
Div.—G. S. Babcock 
Sls. Mgr.—J. A. Rudy 
Pur. Agt.—M. S. Carr 


> 


*Peerless Molded Plastics Inc., Toledo 
(C, I, T) 

Compression presses: 19—50 to 250 ton 

Injection machines: 12—2% to 12 oz. 

Transfer presses: 9—75 to 200 ton 
Pres., Treas. & Sls. Mgr.—W. G. Skutch, Jr. 
Vice Pres., Secy., Chief Eng.—R. E. Wagner 
Pur. Agt.—J. A. Tochtermann 


*Pioneer Plastics, Dayton (1) 
Injection machines: 6—2 to 4 oz. 
Pres.—William T. Strom 


*Plaskolite Inc., Columbus 
Extrusion machines: 2—2”, 2—2%”, 1—3%” 
Pres.—Donald G. Dunn 
Sls. Mgr.—Norris H. Olson 


*Plastex Co., The, Columbus 
Extrusion machines: 1—-2%, 6—-3%, 2—4% 

Pres.—R. S. Zimmerman 
Vice Pres.—R. O. Zimmerman 
V.P.—P. N. Rhulman 
Sales Mgr., Pipe Div.—R. L. Shannon 
Sales Mgr., Custom Div.—E. P. Slatter 
Pur. Agt.—E. M. Rhulman 
Supt.—James A. Charlton 
Chief Engr.—James W. Basford 
Secy. & Treas.—Roy S. Ellison 


*Plastic Moldings Comp. ‘ot Cincinnati (Cc, 


0 to 400 ton 
a machines: Adages oz. 
Pres. & Pur. Agt.—Edwin H. Gerdes 
Vice Pres.—John E. Bast 
Sls. Mgr.—Robert W. Gerdes 


(E) 





*Plastic Research Products, Div. of Grimes 
Mfg. Co., Urbana (C, T) 
Compression presses: 20 to 850 ton 
Transfer presses: 15—50 to 350 ton 

Pres.—Warren G. Grimes 

Vice Pres.—Donald O. Printz 

SIs. Mgr. & Pur. Agt.—Richard E. Stockton 
Plant Mgr.—C. R. Finley 

Chief Engr.—P. L. Caldwell 


Polly Plastics, Inc., Cleveland 
Compression presses: 4—350 ton, 36” x 36” 
Pres.—L. W. Rettberg 
Vice Pres.—R. Irving Mason 


(C) 


Plastic Toys Corp., _ Byesville (D 
Injection machines: 2—1—4 oz., 1—2 oz. 
Pres. & Sls. Mgr.—O. J. Sharpe 
Vice Pres. & Pur. Agt.—D. Gregory 


Precision Molded Plastics Inc., Cleveland 


Injection machines: 4—8, 12, 16 and 22 oz. 
Pres. & Treas.—C. C. Gildersleeve 
Vice Pres.—M. M. Gildersleeve 


R & K Tool & Die Co., Cleveland (1D 
Injection machines: 6—4 oz., 1—6 oz., 2—8 oz., 
1—12 oz., 1—16 oz. 
Pres.—John A. Rybak 
Vice Pres.—F. R. Kreusher 
Sls. Mgr.-Chief Engr.—R. A. Rybak 
Pur. Agt.—Clyd C. Harr 


*Recto Molded Products Inc., Cincinnati 


Cc, 1) 
Compression presses: 57—7 to 300 ton 
Injection machines: 2—4 oz.; 3—6 oz.; 3—8 oz. 
Pres.—N. A. Backscheider 
Vice Pres.—Irwin H. Klein 
Sls. Mgr.—A. R. Rebold 
Pur. Agt.—Lioyd S. Larrick 


® Operates own tool room 
* Indicates Advertiser 
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Sajar Plastics Inc., Middlefield 
jection machines: 4—8 oz. 
Pres.—Arthur H. Radde 


Vice Pres. & Sis. Mgr.—L. M. Johnson 
Pur. Agt.—Robert N. Hills 


Sculman Inc., A, Arkron 
Extrusion machines: 3—6”, 1-8”, 2—8%” 


(E) 


Seiberling Rubber Co., Newcomerstown, 


Extrusion machines: 1-3%”—250 Ibs./hr. 
Pres.—J. P. Seiberling 
Vice Pres.—H. P. Schrank 
Sls. Mgr.—C. J. Figenscher (Plastics Div.) 
Gen’l. Mgr.—Harry M. 
Pur. Agt.—W. H. Oran 


Shellmar-Betner Div. Continental Can 
Co. Inc., Mt. Vernon 


Extrusion machines: 2—60”, 
2-80", 2—4%” 
Sis. Mgr.—F. P. Winslow 


(E) 
2-48", 1-22", 


Shepherd Son &  & Co. »» J. H H. Elyria (D 
Injection machines 


Partners: I. L. Shepherd ond R. K. Shepherd 


Standard Molding Corp., Dayton (D 
jection machines: 1—4 oz., 3—8 oz., 1-16 
— 1—28 oz., 2—48 oz., 1—12 oz. 
Pres.—W. F. Oelman 
Vice Pres.—M. E. Koch 
Sls. Mgr.—Richard E. Myers 
Pur. Agt.—L. G. Webster 


*Sun Plastic Inc., Cuyahoga Falls ( 
Injection machines: 1—12-16 oz., 1-10 oz., 
1—8 oz., 1—4 oz, 
Pres.—G. L. Houck 
Vice Pres.—Henry J. Orr 


Textile Rubber Co. 
Injection machines: 6 
Extrusion machines: 1 

Pres.—Miss Etoil Davis 
Vice Pres. & Sls. Mgr.—H. L. Gifford 
Pur. Agt.—W. W. Copeland 


Inc., Akron’ (I, E) 


Toledo Plastics Co., Toledo 
Compression presses: 1—50 ton 
Injection machines: 5 

Owner: R. L. Serrick 


(C, 1) 


Vacuum Plastics Corp., Columbus 
Extrusion machines: 1—2% 


Pres.—Herbert S. oa 
Vice Pres.—Preston Davis 
Pur. Agt.—Martin L. Grosh 


(E) 


**Van Dorn Iron Works Co., Cleveland 


(I, E) 
Injection machines: 3—8 oz., 1-10 oz., 3-12 
oz., 5—2% oz. 
Extrusion machines: 
Pres. L. C. Jones 
Vice Pres.—C. B. Bednar, J. L. Jones, Wil- 
liam Hatfield 
Sls. Mgr.—Wm. J. Senger 
Pur. Agt.—L. W. Curren 


1—33%", 1-2%”, 1—4%” 


*Vichek Tool Co., pceveland (D 
Injection machines: —from 2 to 48 oz. 
Pres. & Treas.—E. c Koster 
Vice Pres. & Secy.—L. F. Storie 
Mgr. of Plastic Div.—D. R. Butler 
Pur. Agt.—F. Tkach 


“ee Plastics & Mfg. Co. Inc., Colum- 


us 
Injection machines: 1— oz., 3—8 oz., 
1—12 oz., 1—20 oz. 
Pres.—Arthur R. Welch 
Vice Pres. & Sis. Mgr.—Ralph A. Welch 
Pur. Agt.—Ann Crosier 


1—2% oz., 


Wilson Plastics, Inc., Sandusky 0 
Injection machines: 11-8 oz., 2-2 oz., 1-4 
Pres.—O. C. Wilson 
Exec. Vice Pres. & Sales—J. L. Sampson 
Pur. Agt.—-W. W. Amold 


**Yardley Plastics Co., Columbus _([, f) 
Injection machines: 20—from 20 to 64 oz, 
Extrusion machines: 15—from 2%” to 6” 

Pres.—F. B. Hill, Jr. 

Vice Pres.—C. A. Ebner, W. E. Jacobson 
Sls. Mgr.—R. W. Rosel 

Pur. Agt.—D. Craven 


OKLAHOMA 


*Continental Plastics of Oklahoma {jj 
Injection machines: 2-16 oz.; 1—4 oz; 2- 
2% oz. 
Pres.—David DeLana 
Vice Pres. & Pur. Agt.—Ray Stroud 
Sls. Mgr.—Jack Davison 


OREGON 


*Anderson Die & Mfg. Co., Portland ()) 
Injection machines: 1—4 oz. 
Pres., Pur. Agt.—George C. Anderson 


Beaman Plastics, Portland 
Compression machines: 1—16 oz. 
Pres—Thelma E. Beaman 
Vice Pres., Pur. Agt.—R. O. Morrison 


(C, 1) 


*Columbia Basin Plastics Co., Portland 


Compression presses: 1—300 ton; 
1—100 ton 
Injection machines: 38—12 oz. 
Pres.—James C. Deshazor, Jr. 
Vice Pres., Sls. Mgr.—H. B. Dewaide 
Pur. Agt.—K. M. Evans 


1-250 ton; 


Grant & Roth Plastics Inc., Portland (C, ]) 
Compression presses: 1—300 ton 
Injection machines: 1—8 oz., 3—4 oz. 
Pres., Sls. Mgr., Pur. Agt.—Merrill R. Roth 
Vice Pres.—Albert P. Bruce 


PENNSYLVANIA 


*A.S.K. Mfg. Co., Philadelphia 
Injection machines: 4—1% to 4 oz 
Pres.—Harry Vartanian 
Vice Pres.—Andrew Vartanian 


*Acme Products Co., Inc., Doylesion; 
Compression presses: 15—up to 75 ton 
Transfer presses: 2—up to 75 ton 

Pres., Sls. Mgr.—B. Emmett House 
Pur. Agt.—M. S. Walther 


*Allegheny Plastics, Inc., Come n 
Compression presses: 3—for tetrafluoroethylene 
resins only 
Extrusion machines: 
resins only 
Pres.—J. M. Yost 
Vice Pres.—G. P. O'Neil 
Pur. Agt.—N. B. Maruca 


2—for tetrafluoroethylene 


*American Insulator Corporation, New 
Freedom Cc. LT; 
Compression presses: 85-10 to 2000 tons 
Injection machines: 14—4 to 48 oz. 
Transfer presses: 16—40 to 650 tons 

Pres.—E. J. Caughlin 

Vice Pres.—B. F. Hantz 

Sls. Mgr.—B. L. Attig 

Treas.—V. E. Hellrung 

Pur. Agt.—A.'L. Bortner 

Mgr. Reinforced Plastics Div.-F. E. Lee 





Applied Plastics Div., Keystone Brass 
Works, Inc., Erie (Cc, Ray ORL T) 
Compression presses: 
6-300 ton; 1-250 ton; Sie an ton; 5 
150 ton; 1—85 ton; 1—50 ton 
Injection machines: 1-12 oz. 
Transfer presses: 2—400 ton; 2—300 ton; 1— 
250 ton; 2—200 ton 
Pres.—M. H. Rofley 
Vice Pres.—Lloyd T. Moore 


**Byrd Plastics, Inc., Erie (D 
Injection machines: 1-4 oz, 2-8 oz. to 1— 
12 oz. 
Pres.—Wm. R. Byrd 
Sls. Mgr.—John Moon 


*Calcon Mfg. Co., 

Extrusion machine: es: 
1-3%” 

Pres.—James D. Morosco 


Washin E 
1—6"; a an 


*Consolidated Molded Products Corp., 
Scranton (C, I, T) 
Compression presses: 56-15 to 500 ton 
Injection machines: 30—2 oz. to 60 oz. 
Transfer presses: 44—70 to 350 tons 

Pres.—J. O’Connell 

Vice Pres. & Supt.—-E. W. Birney 
Vice Pres. & Sls. Mgr.—J. W. Pillinger 
Secy.—J. E. McMahon 

Pur. Agt.—Waler J. Golden 


Curry Arts Molding and Laminating Co., 
Scranton (C) 
Compression presses: 1 

Pres. & Sls. Mgr.—Harry H. Rosenthal 
Vice Pres. & Pur. Agt.—Kurt Adler 


Erie Plastics Co., Erie (E) 
Extrusion machines: 1—3%”; 2—6” 


Pres., Sales Mgr., Pur. Agt.—Edward A. Zacks 


*°Erie Resistor Corp., Erie (1) 
Injection machines: 6—8 oz.; 1-10 oz.; 3-12 
oz.; 6-16 oz.; 3-32 oz.; 2-48 oz.; 2— 
60 oz.; 1-90 oz.; 1-120 oz. 
Pres.—G, Richard Fryling 
Vice Pres.—W. Henry Fryling, B. B. Min- 
nium, Allen K. Shenk, J. D. Heibel 
Gen. Mgr.—George M. Schau (Plastics Div.) 
Pur. Agt.—George T. Griswold 
Mgr. Sales Eng.—J. B. Loeffler 


*Franklin Plastics Inc., Franklin 
Injection machines: 1—6 oz.; 1—8 oz.; 
oz.; 1-16 oz. 
Extrusion machines: 2—-2%”, 8-314”, 
Pres.-—Dixon P. Downey 


i, E) 
1-12 


2—4%4” 


Gessmer Mfg. Co., Ambler (C) 
Compression presses: 6—15 to 100 ton 


*H & R. Industries, Nazareth, 


Injection machines: 2—8 oz., 1—16 
Extrusion machines: 11-1\%” to sy" 
Pres.—J. J. Hauck 
Vice Pres.—-E. M. Hoeder 


(I, E) 


Halsey Inc., Scranton, (C) 
Compression presses: 2-15 ton, 4-200 ton, 
1—200 ton 


Pres., Sls. Mgr. & Pur, Agt.—H. J. Sorrell 


Hays Mfg. Co., E 
Pres.—W. H. "ee (c) 


Insulation Products Co., Pittsburgh, (C) 
Compression presses: 2—40 t ton, 2—75 tons 
Pres.—-M. G, Rensland 


Keystone Packaging Service, Easton 
Extrusion machines: 1-2%”", 2—1%” 


Pres.—John Schoeneck 


(E) 


* Operates own tool room 
* Indicates Advertiser 


*Loranger Plastics Corp Waren 
Compression presses 4-15 C.D 
2—50 ton, ee _75 ton, 1— “180 ton, 8-200 
ton, 1—300 ton 
Injection machines: 1—4 oz. 
Transfer presses: 5—200 ton, 1—300 ton 
Vice Pres.—Arthur Loranger 


Ludascher, William c. Eddington 
j 7 . oz. 
Owner—William C. Ludascher 





*Mannesmann-Easton Plastic Prod. Co. 
Inc., E Easton (E) 
xtrusion machines: 7 
Pres.—Dr. G. Wagner 


*Molded Insulation Co., Phila. (C, I, T) 
Compression presses: from 15 to 800 ton 
Injection machines: 16—from 1 to 48 oz. 
Transfer presses: 18—from 20 to 150 ton 

Pres.—Wm. T. Bradbury 
Vice Pres.—R. F. Hurst 


Niagara Plastics Co. Inc., Erie (D 
Injection machines: 1—16 oz., 2—4 oz., 1—8 oz. 
Pres.—James L. Rooney 
Pur. Agt.—Robert P. Rooney 


*Nosco Plastics Inc., Erie (D 
Injection machines: 28—from 2 to 200 oz. 
Pres.—Reuben G. Kugel 
Vice Pres. & Sls. Mgr.—Paul C, Roche 
Pur. Agt.—Charles G. Wingerter 


*Parker Plastics Corp., Pittsburgh (1D) 
Injection machines: 1—2 oz., 1-2% oz., 1—10 
oz., 1—12 oz. 
Pres.—Mitchell Parker 
Vice Pres.—Mitchell T. Parker 
Sls. Mgr. & Pur. Agt.—Chester F. Stuver 


Pelmor Laboratories Inc., Newtown (C, T) 
Compression presses: 2—30 to 70 ton 
Transfer presses: 2—30 to 70 ton 

Pres.—Coleman P. Morgan 
Vice Pres.—E. Pelham 
Sls. Mgr., Secy., Treas.—Ronald B. Morgan 


*Penn-Plastics Corp.,, & Glenside (C, I, T) 


Compression presses: 
Injection machines: 5—2 oz. to 24 oz. 
Transfer presses: 15 
Pres. & Genl. Mgr.—Charles W. Kleiderer 
Vice Pres.—Joseph T. Sullivan 
Asst. Mgr.—Andrew Dukert 


**Perry Plastics Inc., Erie (C, I, T) 
Compression presses: 7—75 to 300 ton 
Injection machines: 13—4 oz. to 32 oz. 
Transfer presses: 4—200 to 300 ton 

Pres.—J. C. Stokes 


*Pittsburgh Plastics Corp. Subsidiary of 
American Co., New Castle (I, T, E) 
Injection machines: 3 to 16 oz. capacity 
Transfer presses: 50 to 800 ton 
Extrusion machines: 2%” 

Pres.—L. A. Britzke 


*Plastic Fabricators Inc., Fernwood . 
Compression presses: 2—75 ton, Kar = 
38—150 ton 
Injection machines: 1-8 oz. 
Transfer presses: 2—100 ton, 2—150 ton 
Mgrs.—Milton Cohen, Stanley G. Child, Jr. 


*Plastic Mold & Die Co. Darby (C, I, T) 
Compression presses: 1—60 
Injection machines: 1—4 oz. 
Transfer presses: 1-100 ton 


*Plastic Mold & Tool Co., Phila. (C) 
Compression presses: 8—15 to 50 ton 
Owner—Herman Purner 


Polymer Corp., The, Reading 
ion machines: 10-2 to 4%” 
Pres.—Louis L. Stott 
Sls. Mgr.—Robert Barthold 


Export Sis. Mgr.—H. Clainow 
Pur. Agt.—Paul T. Bordes 


**Port Erie Plastics, Inc., Erie ( 
Injection machines: 7— 2%. oz. to $2 oz. 
Pres. & Sls. Mgr.—Henry J. Witkowski 
Vice Pres.—George Spitznas 
Pur. Agt.—Zigmund Gilewski 


Precision Plastics Co., Philadelphia (I) 
Injection machines: 4 to 24 oz. 


*Presque Isle Plastics Inc., Erie (D 
Injection machines: 4—4 Oz, 1—8 oz., 1-12 
oz., 6—16 oz., 1-22 oz., 1-28 oz., 1—32 
oz., 2—48 oz., 1—90 oz. 
Pres.—W. J. Phillips 
Secy. & Treas.—D. N. Struble 


** Quinn- Corp., Erie 
Fa ips | yaw) oz., 11—8 oz., ae 
Pres. & Sls. Mgr.—James P. Quinn 
Vice Pres. & Mfg.—James P. Murphy 
Secy. & Treas.—L. L. Berty 
Asst. Secy.—E. M. Mulcahy 
Pur. Agt.—A. P. Wagner 


*Raybestos-Manhattan Inc., 4% 


c, I, y, E) 
Pres.—J. F. D. Rorhbach 
Vice Pres. & Sls. Mgr.—R. B. Hazard 


*Ross Metals Co., The Milton, South- 
hampton os = 
Compression presses: 1-50 ton 
Injection machines: 1—4 oz., 1-3 oz., 1—%” 
Transfer presses: 1—15 ton, 1-50 ton 

Pres.—Milton Ross 


Vice Pres. & Sls. Mgr.—Eugene David Ross 


*Skyline Industries, Titusville (C, I, 2» 
Compression presses: 1-100 ton, 1-200’ to 
6—1 ton 
Injection machines: 8—4 to 16 oz. 
Extrusion machines: 32—2%” to 12” 
Pres.—Noel J. Poux 
Vice Pres.—Richard N. Poux 
Sls. Mgr.—Edwin W. Moore 
Pur. Agt. & Genl. Mgr.—Charles A. Poux 


Specht Plastics Inc., Somerset (C) 
Compression presses: 1—36” x 60” 48” stroke— 
84” Daylight—100 ton; 1-48” x 72” 48” 
stroke—84” Daylight—150 ton; 2—50 ton, 
1—50 ton 
Pres. Edward A. Specht 


Squires Plastics, Inc., Verona (C, T) 

Compression presses: be 10 to 400 tons 

Transfer presses: 2—25 to 400 tons 
Pres. & Pur. Agt.—W. K. Squires 
Vice Pres. & Sls. Mgr.—M. L. Worstell, 


W. A. Meyer 


Stagg Plastics Engineering, W. H. Phila- 
delphia (1D) 


Injection machines: 1—2 oz., 1—8 oz. 
Owner: Laura G. Stagg 


*Sylvania Electric Products Inc. Aaa 
Compression presses: 43-15 to 150 ton 
Injection machines: 13—2 oz. to 58 oz. 
Transfer presses: 3—15 to 200 ton 

Div. Genl. Mgr.—Merle Kremer 

Div. Genl. Sls. Mgr.—Philip M. Pritchard 
Plastics Product Sls. Mgr.—J. R. Krapfel 
Div. Pur. Agt.—R. F. Marlin 


*Sylvania Electric Products, Inc., pe 
Div., Warren ee 
Compression presses: 11—50 ton, Cc. ton, 
8—15 ton, 16—3 ton, 2—50 ton, 2—150 
ton, 1—30 ton 

Injection machines: 1—48 oz., 1-20 to 28 oz., 
1—12 to 16 oz., 1—10 to 12 oz., 1—8 oz., 
6—4 oz., 1—2% oz., 1—2 oz. 





Transfer presses: 2-125 ton, 1—200 ton 
Pres.—Don G. Mitchell 
Div. Vice Pres.—Marion E. Pettegrew 
Div. Sls. Mgr.—Philip M. Pritchard 
Div. Pur. Agt.—Robert F. Marlin 
Div. Gen. Mgr.—Merle W. Kremer 
Div. Mfg. Supt.—Louis R. Wanner 
Plant Mgr.—Robert E. Burke 


*Vulcanized Rubber & Plastics Co., 
Morrisville (1) 
Injection machines: 4—3 oz., 1—6 oz., 1—8 oz., 

9—12 to 16 oz., 2—28 oz., 1—58 oz. 
Pres.—Robert G. Werner 
Vice Pres., Mfg. & Sls.—David Lewis 
Sls. Mgr.—C. C. Freund 
Pur. Agt.—J. Mattevcci 


*Westlake Plastics Co., Lenni Mills 


Cc. E 
Compression presses: 1—200 ton, ie & 


Injection machines: 1—4 oz. 
Extrusion machines: 1-1%", 2—2%", 1—3%” 
Pres.—E. B. Westlake, Jr. 
Vice Pres.—E. F. Westlake 
Sls. Mgr.—Walter F. Noonan, Jr. 
Pur. Agt.—D. D. Dundorg 


Westmoreland Plastics Co. Inc., Latrobe 
(C) 


Compression presses: 21—15 to 250 ton 
Pres.—Glenn J. Davis 
Vice Pres.—Eugene M. Schuman 
Sls. Mgr.—Harvey G. Skinner 
Pur. Agt.—Harry H. Jardine 


Wirz Inc., A. H., Chester 
Compression Presses: 6 
Injection Machines: 6 
Pres.—Mark K. Dresden 
Vice Pres.~Townsend C. Cox Jr. 
F. Cox 
Sls. Mgr.—Matthew Fox 
Treas.—H. Walter Rowan 


(Cc, 1) 


» Robert 


*Yates Company, Erie 
Injection machines: 1—6 oz. 
Extrusion machines: 5—1\%”" to 3%” 
Pres.—R. N. Yates 
Vice Pres.—J. O. Elein 
Sls. Mgr.—W, N. Mulkie 
Pur. Agt.—G. F. Woodford 


RHODE ISLAND 


Berkander, George F., Inc., Providence 
E) 


Injection machines: 2—9 oz., 5-2 oz. 


Extrusion machines: 1 
Pres.—John S. Moran 
Vice Pres.—Bertil Anderson 
Sls. Mgr.—Douglas T. Lakey 
Pur. Agt.—Stewart Fraser 


1—4 oz., 


*Cowan Boyden Corp., Providence (I) 
Injection machines: 1—2 oz., oz., 1—5 oz., 
4—8 oz., 1—12 oz., 1-16 oz., 1—20 oz. 
Pres., Treas. & Genl. Mgr.—Clifton J. Cowan 
Asst. Treas. & Pur. Agt.—Barbara Bottomley 


Greene Plastics Corp., Hope Valley 


Compression presses: 10 

Injection machines; 5 
Pres.—William Blunt White 
Sls. Mgr.—Walter F. Cole, Jr. 
Pur. Agt.—Francis E. Card 


*Miller Electric Co. Pawtucket 
Injection Machines 
Extrusion Machines: o-16", 2%", 4%” 
Pres.—Alex Miller 
Vice Pres., Sls. Mgr.—Daniel B. Miller 
Pur. Agt.—Samuel Miller 


* Operates own tool room 
* Indicates Advertiser 


(I, E) 


Molding Corp. of America, Pewen 
Compression presses: 25 up to 300 tons 
Transfer presses: 1—60 tons 

Pres.—Robert G. Holt 

Vice Pres.—Shirley Harrington 
Sls. Mgr.—Stephen Kalarian 
Pur. Agt.—Sturgis Green 


Plastic Engineering Co., Pawtucket 14 9) 
Injection machines: 7—from 2 


Pres. & Treas.—Edward I. A xogg 
Vice Pres.—B. Rose 


Ba By Bn Prod. Inc. 
1-2 oz., pee oz. 
Pres.—Fred Whittaker 
Vice Pres.—William A. Craven 
Sls. Mgr. & Pur. Agt.—Albert Wheeler 


*Rosbro Plastics Corp., Pawtucket 
In) machines: 
Pres.—Bertram M. , HS 
Vice Pres.—Samuel Rosen 
Sls. Mgr.—Gregory T. Parkos 
Pur. Agt.—David Evans 


Providence +8) 
oz., 2-6 oz., 3—8 oz., 


**Tupper Corp., Woonsocket 
Injection machines 
Extrusion machines 
Pres.—Earl S. Tupper 


SOUTH CAROLINA 


*Mimosa Corp., Belton 
Injection machines: 16—4 to 28 oz. 
Pres.—M. B. Robbins 
Secty.—A. E. Weisling 


*Sonoco Products Co., H 
C17, E) 
Compression presses: 58-35 Ri. 
8—200 ton 
Injection machine: 2—16 oz., 1—5 oz. 
Transfer presses: 1—500 ton, 1—150 ton, 1-300 
ton 
Extrusion machines: 1-14” 
Pres.—James L. Coker 
Exec. Vice Pres.—Charles W. Coker 
Sls. Mgr.—C. H. Campbell 
Dir. of Pur.—P. C. Coggeshall 


*Southern Plastics Co., Columbia (C, E) 











: 300, 150, 50, 20 and 
ton 
Extrusion machines: 3—3%”", 2—2%” 
Pres.—J. W. Lindau, III 
Vice Pres.—Irwin Kahn, Leonard Boylh 


*Westinghouse Electric Corp., 
Div., Hampton 
Compression presses: 200 from 20 to 4000 tons 
Transfer presses: 100 of above presses equipped 
for transfer operation 
Extrusion machines: 2—16", 1—2%” 
Div. Mgr.—G. H. McBride 
Engrg. Mgr.—C. B. Leape 
Sis. Mger.—H. C. Smith 
Pur. Agt.—D. E. Thompson 


TENNESSEE 


*Kusan Inc., Nashville 
Injection machines: 2—32 oz., 3-16 oz. 
oz., 4—8 oz., 1—4 oz., 1-2 oz. 
Pres.—W. R. McLain 
Vice Pres.—Earl Horton 
Pur. Agt.—Charles Griffin 


organ Plastics, Nashvill 
a= machines: 1—9 - 


Gen. Mgr.—Wills N. Morgan 
Sis. Mgr.—E. S. Morgan, Jr. 


ss 


"Pao Button Co. of Tenn Inc., The 
Compression presses: 44—15 to 500 ton 


Injection machines: 5—4 to 28 oz. 
Pres.—D. S. Hart 
Vice Pres. & Gen. Mgr.—E. C. Snoody 
Sales Mgr.—David G. Adcock 
Pur. Agt.—S. E. Cunningham 


TEXAS 


** Battenfeld, Gebr., Meinerzhagen, 
Houston 
Injection machines: 8—1 to 16 oz. 
Pres., Gen. Mgr.—L. D. Blackwell 
Vice Pres.—R. H. Blackwell 
Vice Pres. Sls. & Eng.—J. T. Pinkston 
Pur. Agt.—L. O. Blackwell 


Products Co., The Dallas 
Injection machines: oz., 


Pres., Sis. Mgr., kh Risse P. ¢ Cary 
Vice Pres.—B. Norbury 


Crown Machine & Tool Co., Ft. Worth (1) 


*Libbert Tool & Die, Fort Worth, 
(C, LE 
Cc i : 1—50 ton 
Injection machines: 1—1 oz., 1—4 oz., 
Extrusion machines: 1—1%” 
Pres.—Eugene S. Libbert 





1-16 oz, 


*Linehan & On, »-, Dallas 
Pres.—M. 
Vice hy > Linehan 
Pur. Agt.—M. J. Linehan, Jz. 


Loma Plastics Inc., Ft. Worth (I) 
Injection machines: 15—from 20 to 300 oz. 
Sls. Mgr.—Ralph Fleming 


*Lone Star Plastics Co. Inc., Fort Worth 
(C, ]) 


-50 ton, 





Compressi : 1-200 ton, 2 
1-20 ton, 1—12 ton 
Injection machines: 1—6 oz., 1—4 oz. 
Pres.—Melvin Hare 
Vice Pres.—E. H. Swazey 
Sls. Mgr.—W. Pat Fralia 


Moore Plastics, San Antonio 
Injection machines: 1-8 oz. 
Pres. Owner—Bart Moore 


*Nalle P Inc., Austin 
Injection : 1~12 oz.; 1—8; 1-4; 
Extrusion machines: 1—4%”"; 1—3%” 
Pres.—George S. Nalle, Jr. 
Vice Pres.—A. B. Nalle 
Sales Mgr.—G. Simmons 


Texas Plastic Products Co., Houston (£) 
Extrusion machines: 1—3%%", 3-2% 
Pres.—Thomas H. Shartle 
Vice Pres. & Sls. Mgr.—R. O. Toxson 
Pur. Agt.—C. M. Nettles 


Wyatt's s Plastics Inc., Houston (C, T) 
pression presses: 15-20 to 1000 ton 
Transfer presses: 8-800 to 300 ton 
Pres.—Walter B. VanWart 
Vice Pres.—J. I. Grant, C. J. Eckenrod 
Sis. Mgr. & Vice Pres.—R. L. Jarmon 
Pur. Agt.—E. F. Foster 


UTAH 


*Rider Engineering & Plastic Co., Salt 
Lake Ci I 


Injection _ A 1-9 oz., 1-4 to 6 0: 


VERMONT 


*G-W Plastic Inc., Bethel 
eR give Pons ym orm 
Pres.—O. A. Westgaard 
Vice Pres. & Sis. Mgr.—J. R. Galvin 





Manchester Molding | Ce., Manchester (C) 
ompression presses: 8 oz. 
Pres.—R. L. Thompson 
Vice Pres. & Pur. Agt.—C. R. Ellingwood 
Sls. Mgr.—H. J. Stratton 


VIRGINIA 
*Dominion Plastics Co., Colonial Heights 


tion machines: 1—8 oz., 1—8 oz., 1-16 oz., 
1—22 oz. 
-s. & Genl. Mgr.—Geo. B. Finney 
;. Mgr.—J. W. Coleman 
Pur. Agt.—Raymond R. Ellis 


°Hafleigh & Co., Buchanan 
Compression presses: 6—150 ton, 
1—25 ton 
Extrusion machines: 2—2” 
Pres.—R. O. A. Peterson 
Vice Pres. & Sls. Mgr.—J. R. Smith 
Pur. Agt.—Mrs. Ethel Altic 


(C, E) 
1-250 ton, 


*Hake Mfg. Co. Inc., Roanoke (D 
Injection machines: 1-20 oz., 5—12 oz., 6—8 to 
10 oz., 2—4 to 6 oz. 
Pres.—George Kissak 
Vice Pres. & Sls. Mgr.—Herman Buhles, Jr. 
Pur. Agt.~Max J. Husa 


Lurie Plastics, Inc., Colonial Heights (I, E) 


°Southeastern Plastics Inc., Portsmouth 


5) 
mpression presses: 5—50 to 150 tons 


Injection machines: 4—4 to 12 oz. 
Pres. & Sls. Mgr.—R. L. Davis 
Vice Pres.—P. A. Tucker 
Pur. Agt.—J. M. Harmon 


WASHINGTON 


*Allied Mfg. Co., Seattle 
Compression presses: 2—300 ton 
Injection machines: 1—9 to 12 oz. 

Pres.—C. A. Stone 
Vice Pres., Sls. Mgr.—B. W. Rucker 


(Cc, D) 


Mason’s Art Plastics Co., Seattle (C) 
Compression presses: 1-50 ton, Daylight $7”, 
1—20 ton, Daylight 46” 
Pres.., Sls. Mgr. & Pur. Agt.—E. C. (Gene) 
Mason 


Vice Pres.—George A. Downs 


Vaupell Industrial Plastics Inc., Seattle 


Compression presses: 2—175 ton " 
Injection machines: 1—4 to 6 oz., 1—12 oz. 
Pres.—L. J. Vaupell, Jr. 
Vice Pres.—E. P. Bayley 


Western Plastics Tacoma 
Extrusion machines: 3% “and 4%” 
Pres.—Dale E. Gaeth 
Vice Pres. & Sis. Mgr.—Ralph L. Morgen- 
thaler 


Pur, Agt. & Office Mgr.—Mrs. Arlen E. Skat- 


tum 


(E) 


WEST VIRGINIA 


Plastics by Hoover, Huntington 
Compression presses: 2—30 ton 12” x 12” Ay 


* Operates own tool room 
* Indicates Advertiser 


ae & presses: 2° py RY 


Injection machines: 7—from % oz. to 8 oz. 
Pres. & Treas.—A. W. Paull, Jr. 
Vice Pres. & Secty.—A. D. Paull 
Sls. Mgr. Plastic Products—Geerge A. Kraatz 
Pur. Agt.—Lloyd B. Park 


WISCONSIN 


Chippewa Molding, Inc., Chippewa ig? 


Injection machines: 1—8 oz., 1—6 oz., 1—2 oz. 
Extrusion machines: 1—4%”, 1—2%", 1—-1%", 
1-1\" 
Pres.—D. R. Williams 
Vice Pres.—M. A. Williams 
Sls. Mgr.—R. D. Kauffman 
Pur. Agt.—G. W. Dingman 


Dickten & Masch Mf g., Mil Milwaukee e (C, T) 
Compression presses: 
Transfer presses: 8—50 to one nag 
Pres.—E. Dickten 
Sls. Mgr.—M. W. Hoge 


*Evans-Zeier Plastic Co., Madison (I) 
Injection machines: 2—8 oz. 
Partners: D. L. Evans & R. C. Zeier 


*Flambeau Plastics Corp., Baraboo 48) 
Injection machines: 1—2 oz.; 1—4 oz.; 4—6 oz.; 
2—8 oz.; 1-12 oz.; 1—20 oz.; 1-382 oz. 


Lapeor Plastics Inc., Manitowoc S&S a? 
pression presses: 11—from 250 to 450 
Transfer presses: 3—from 25 to 75 tons 
Pres., Sales Mgr.—Walter B. Longacre 
Vice Pres.—George J. Platt 
Pur. Agt.—Phillip A. Carew 


Lewis Co., G. B., Watertown (C) 
Cc 2—5 to 250 tons 





ee Gordon one 
Vice Pres. & SIs. Mgr.—Milton A. Frater 
Pur. Agt.—Arthur J. Killian 


Norco Plastic Inc., Milwaukee (C, I, T) 
Compression presses: 50 to 1200 ton (11) 
Injection machines: 4 to 25 oz. (5) 

Transfer presses: 2—150 ton, 2—350 ton 
Pres.—Edward C, Berg 
Vice Pres.—R. W. Hageman 
Sales Mgr.—Richard C. Geske 
Pur. Agt.—Henry J. Berg 


si ~ — Plastics ¢ Co. Inc., Milwaukee (I) 
machines: 1-24 oz., 2—5 to 8 oz., 
aero oz., 2—16 oz. 
Pres.—Charles D. Ortgiesen 
Vice Pres., Sales Mgr.—Gordon A. Kaiser 


*Pereles B Inc. 
ere rothers, Jnc., Milwaukee (I) 


Pres. & Sls. Mgr.—A. A. Pereles 
Vice Pres. & Asst. Sec.—D. M. Stern 
Sec.—J. S. Pereles 

Pur. Agt.—D. H. Baum 


*Plymouth Industrial Products, ant on 


Compression presses: 4 
Injection machines: 3—64 oz., 8—96 oz., 2-128 


oz., 1~1200 oz., 1—960 oz. 
Pres. & Genl. Mgr.—A. J. Simons 


Vice Pres.—-T. Gibbs, G. Mulder 
Sls. Mgr., Prod. Dev. & Sales—R. T. Johnson 
Pur. Agt.—G. Abler 


*Portage Plastics Co. Inc., Portage (E) 
Extrusion machines: 1-3” 


Pres. & Pur. Agt.—W. G. Hamilton 
SIs. Mgr.—Armand A. Cimaroli 


*Portz Plastics & Fibre Co., atiariee 


Compression presses: 2—100 ton, 1-200 ton 
Injection machines: 2—8 oz., 1—4 oz. 

Pres. & Pur. Agt.—Chas. A. Portz 

Sls. Mgr.—R. Chop 


“Presse Fis Plastics, Milwaukee (DD 
to 2 


Pres. & Pur. Agt.—Edward K. Schroeter 


*Sunlite Plostics, | Inc., Milwaukee (E) 
Extrusion machines : 11%"; 5—2%"; 2-3" 


Trim Molded Products Co., Inc., 
Burlington (D 
Injection machines: 2—8 oz., 2—12 oz. 

Pres. & Sls. Mgr.—Russell F. Hagen 
Vice Pres.—Louis J. Robbers 
Pur. Agt.—Jack Samuels 


Weber Plastics Inc., Stevens Point (CM) 
Special presses for molding expandable poly- 
styrene 
Pres.—E. L. Wotruba 
Vice Pres.—M. E. Sorensen 
Sls. Mgr.—E. C. Wotruba, Jr 
Pur. Agt.—C. R. Cook 
"Western Coil & Electrical Co., Racine 
Injection machines: 2—2 oz., 1—4 oz., 1—8 oz., 
1-9 oz. 
Pres., Sls. Mgr. & Pur. Agt.—W. T. Lewis 
Vice Pres.—F. E. Olsen 


ENGLAND 


*British Moulded Plastics, Ltd., London 
7. Se » 
Compression presses: 196—4 ton to 
20—350 ton to 1500 ton 
Injection machines: 31—2 oz. to 16 oz. 
Transfer presses: Transfer attachments available 
for pression p 
Extrusion machines: 10-1" to 4%” 
Managing Dir.—A. A. Duncan 
Sls. Mgr.—L. D. St. James 





GERMANY 


Rees, | Gebr., Meinerzhagen, 
Western Ger. 
Compression presses: 11—from 10 to 200 tons 
Injection machines: 18—from % to 52 oz. 
Transfer presses: 7 types—20 to 200 tons 
Extrusion presses: 5—from 20 mm to 150 mm 


ITALY 


Fabbr. Prodotti Termoplastici, Varese om) 


Extrusion machines: 25 


capes Materie Plastiche S.A.S 
0 
Extrusion machines: 35 
Pres.—Comm. Italo Colombo 








1—High Pressure 
2—Molded Laminated 





LAMINATORS 


3—Plywood 
4—Thermoplastic 


Low Pressure and Contact (see Reinforced Plastics Processors, p. 1167) 


or 


A—Industrial 
B—Decorative 








CALIFORNIA 


* Aerojet-General Corp., Structural Plastics 

iv., Azusa (1, 2, A) 

Max. size liminated sheet: 3’ square 

Mag. size rolled tubing: 18” dia. to 4%’ 

Max. size molded tubing: 1’ to 4%’ 

Standard length tubing: 54” 

Specialize in: phenolic, polyester, and epoxy 

glass molding compounds and laminates 

Personnel: see p. 1145 


Airconductors, Gardena 

Max. size rolled tubing: 3/32 LD. to 12” LD. 

Max. size molded tubing: 3/82 LD. to 12” LD. 

Standard length tubing: 20’ 

Specialize in: complete line of non-metallic 
ducting, reinforced tubing—all colors, in- 
sulation ducting for very high temperature 
dry seals and jet starter ducting, and 
rocket motor lines. 

Pres., Sls. Mgr.—Fred Earl Sindars 
Vice Pres.—D. Cairns 
Pur. Agt.—H. B. Sindars 


Chemtron Fiber Glass Co., E] Monte 
(2, 4, A, B) 
Max. size laminated sheet: 60” x 144” 
Max. size molded tubing: 30” x 144” 
Standard length tubing: 120” 
Specialize in: custom building panels 
Pres.—R. L. Kinch 
Vice Pres.—J. C. Larcom 
Sls. Mgr.—L. C. Hunter 
Pur. Agt.—A. R. Kingsley 


Crowl, Charles, Co., El Monte At 4, A, B) 
Max. size laminated sheet: 40” x7 
Specialize in: embossed sheets, Al to 0.500 
in. thick 


Ellay Rubber Co., Inc., Los Angeles (4) 
Specialize 


in: continuous roll sheeting 


Filon Plastics Corp., El Segu ndo, (2, A, B) 
Max. size laminated sheet: 49 P wide: any length, 
limited by shipping facilities 
Specialize in: reinforced fibrous glass panels, 
glazing panes, etc. 
Pres.—David S. Perry 
Vice Pres.—G. R. Huisman 


Hollywood Plastic Arts, Inc., Los Angeles 
4 
Pres.—Fred Nascher (4) 
Sls. Mgr.—Paul Weigl 
Pur. Agt.—Samuel R. Berg 


Jet Specialties Co. Ino., Tos An 
Max. size laminated 


0.240” waa 
Personnel: see p. 1145 


] 4 
go wt, 


Mica Corp., The, Culver City A 4, A, B) 
Max. size laminated sheet: 4’ x 
Pres.—Robert T. Toppin 
Vice Pres.—Donald Rosen 


Marketing Dir.—Milton B. Grossman 
Pur. Agt.—Edward Kazarian 


Posker Mfg. Co., San Diego (2) 
size laminated sheet: oo = 144” 
Suntan in: translucent corrugated sheets— 
fibrous glass reinforced 
Pres.—D. W. Parker 


* Indicates Advertiser 


Plastic Age Co., Sau (1 


Max. size laminated s : 48” 
Personnel: see p. 1146 


Mi, 2,4 A, B) 


Polyply Co., San Diego (4, A, B) 
Max. size laminated sheet: 40” x 100” 
Pres.—George A. Baker 


Reinhold Engineering & Plastics Co., Inc., 
Subsidiary of Haveg Industries, Inc., 
Norwalk (1, 2, A) 


Personnel: see p. 1146 


Slersecin | Comp., 7 The, | Sotenk (4) 


a Pres., Gen. an So. H. Miller 


*Swedlow Plastics Co., Los te wr 


(1, 2, 4, A, B) 
Max. size laminated sheet: 5’ x 10 
Specialize in: high-temperature laminates, heat 
reflective—phenolic, epoxy, silicone, nylon, 
polyester, acrylic, and decorative laminates 
Personnel: see p. 1168 


Urrite Plastics Fabricators, Pico (4) 
Max. size laminated sheet: 24” x 36” x 6” thick 
Max. size rolled tubing: 24” dia. x 48” high 

Pres., Vice Pres., Sls. Mgr., Pur. Agt.— 
E. V. Steele . 


Wal-Mar Plastics Inc., Torrance (2) 
s.—W. J. DeGeorge 
Vice Pres.—M. L. DeGeorge 


CONNECTICUT 
*New England Laminates Co., Stamford 


Max. size laminated sheet: 40” x 80” ie 


Specialize in: epoxy-glass (copper clad) and 
epoxy-paper (copper clad). 
Pres.—John E. Currier 
Sls. Mgr.—Bruce B. Greenfield 
Pur. Agt.—Mrs. Muriel Dillon 
Treas.—Charles H. Lockton 


Ross & Roberts, Inc., Stratford (4) 

Rowland Products, Inc., Kensington (1, 4) 
Max. size laminated sheet: 24” x 54” 
Specialize in: cellulose acetate pearl, fancy pat- 


tern sheets, laminations 
Personnel: see p. 1147 


DELAWARE 


Continental Can Co., Inc., Conolite Div., 
Wilmington (A, B) 


Max. size laminated sheet: 36” and 48” wide, 
continuous length 

Gen. Mgr.—R. J. McLaughlin 

Sls. Mgr.—Industrial-J. O. Otis 

Sls. Mgr.—Decorative—R. E. Fitzgerald 


*Continental-Diamond Fibre Corp. 3 
Newark (1, 2. 
Personnel: see p. 1147 
Franklin Fibre-Lamitex Corp., bia 


» 4, A) 


Max. size laminated sheet: 36” x 72” 
Max. size rolled tubing: 12” O.D. 
Max. size molded tubing: 12” O.D. 
Standard length tubing: 36” 


Specialize in: laminated plastics and hard fy 
in sheets, rods, tubes, screw machine part, 
stampings, specially machined parts, emp 

National Vulcanized Fibre Co., Wilming. 


ton (I) 

Max. size laminated sheet: 39” x 47” 

Max. size rolled tubing: 30” 

Max. size molded tubing: 12%” 

Standard length tubing: 36” x 47” 
Personnel: see p. 1147 


ILLINOIS 
*Comell, J. B. Co, Chicago 
Vice Pres.—C. M. Cahill 


(4, A, B) 


Chicago Price Tag Mfg. Co., vow yt . 
Max. size laminated sheet: 18” x 18”; laminate 


vinyl 
Isenthal, G., & Sons, Chi 
— size laminated chet: 20” “eos” 


Personnel: see p. 1147 


(1, 4) 


Jacobson, S. L., Mfg. Co., Chicago 
Size of flat laminate sheet: 23%” 8” 
Laminate on cloth up to 54” wide; up to 40- 
gage finish 


Molex Products Co., Brookfield (2) 


Personnel: see p. il 


Paper Converting & Finishing Co., 
Chicago (4) 


Plasticrafters, Inc., Cicero (A) 
Specialize in: fibrous glass reinforced thermo 
setting plastics 


*Richardson Co., Melrose Park 
Max. size laminated sheet: 48” x 1 
Max. size rolled tubing: 12” O.D. 
Max. size molded tubing: 2” O.D. 
Standard length tubing: 36” x 48” 
Specialize in: NEMA & special grades of lami- 

nates for electrical & mechanical products, 
sheets, rods, tubes, and fabricated parts. 

Sls. Mgr.—R. W. Jorgensen 

Vice Pres. & Dir. of Plastic Sales—R. W. 
Jorgensen 

Pur. Agt.—B. L. Allen 


£: 2, A, B) 


Sun Steel Co., Special Products Div., “ 
= size laminated sheet: 17%” wide up 
144” long or coil; laminate from 2 to 
20 mils vinyl on metal 
Pres.—B. G. Kaplan 
Vice Pres.—Robert Kaplan 
Gen. Mgr., Sls. Mgr.—E. N. Sienko 


Therm-O-Form Plastics Co., Hoeven 
Max. size laminated sheet: 54” wide continuous 
rolls; paper, cloth and vinyl film and 
sheeting 
Partners—D. A. Stolzenbach and W. R. Brows 


INDIANA 
Nering’s Plastics, G aaies, Coy . 


Owner—Theodore 








y Plastic Co., Walkerton 
Polye ence in: solid round fibrous 

glass rods ranging from 1/16” to 7/8” dia.; 
tubing and -miscellaneous glass shapes to 
customer specification using various poly- 
ester and epoxy resins and combination of 
reinforced glass filaments 

Personnel: see p. 1149 


IOWA 
Perley & Loetscher Mfg. Co., Plastics 


e 1, A,B 
Din Os aan OF x wet 4, 8) 
veer in: fabrication of furniture and toys 

Pres.—J..M. Burch, Jr. 

Vice Pres.—A. E. Loetscher 

Div. Mgr.—F. R. Loetscher 

Pur. Agt.—L. J. Streinz 


MARYLAND 


Ine., Baltimore 
: 21%" x 


Malco Plasti 
Max. size 


fhe A) 
Pres.—Lee pennsn 


*National Plastic Products Co., The, ons 
i size laminated sheet: 4’ x 10’ 
Personnel: see p. 1150 


MASSACHUSETTS 
Atkins & Merrill, Inc., S. Sudbury (2, A) 


Vice Pres.—N. C. Wiley, Jr. 
Sls. Mgr.—Ermest A. Marks 
Pur, Agt.—Robert E. Johnson 


Clearfloat, Inc., eee 
ize molded tub : 86" to 96” 


Max. size 
Standard length eae 
Specialize in: large solid acrylie coatings 

Pres.—Roy M. Slipp 

Colorvision Plastics, Inc., Boston 

Max. size laminated sheet: 38” x 96” 
Pres., Sls. Mgr.—J. J. Donovan 


Formalite, Inc., Northbridge (1, 4, A, B) 
Max. size laminated sheet 4" x 9’ 
Pres.—A. N. Bronsten 


*General Tire & Rubwver Co., 


Bolta 
Products Div. Lawrence 
pecialize in: lamination of 


Personnel: 0 Bs 1150 


Leathertone, Inc., Boston (1, 2, 4, A, B) 
Max. size laminated 42” x 62” 
Specialize in: fancy paved laminated sheets, 
flexible and rigid, for handbag, optical, 
jewelry manufacturers, etc. 


North East Laminates, Inc., Methuen 
Max. size laminated sheet: 48” x 168” 


(A) 
Parkwood Laminates, Inc., Wakefield 


1 B 
Max. size laminated sheet: 86” x 19 ae 


Pres., Sls. Mgr., Treas.—Sherman H. Thayer 
Vice Pres., Gen, Mgr.—Paul B. Leverette 

Vice Pres., Promotional Sls.—Mary S. Parker 
Asst. Treas., Comptroller—Richard E. Chapell 


Pioneer Plastics Corp., Salem 1,B 
Max. size laminated sheet: 48” x 120” i, B) 





Plastronic Engineering Co., ——. 


Reiss Associates, Inc., Lowell | 
Max. size laminated sheet: 48” 


Pres.—Emest Reiss 
Vice Pres., Sls. Mgr.—Alfred M. Reiss 
Pur. Agt.—Arthur Cornez 


* Indicates Advertiser 


sags 4 BD 


(1, 4) 


Standard Pyroxoloid Corp., 


1,B 
4x. size laminated sheet: 52” x 22” (i, B) 
Specialize in: laminates of nitrate sheeting, Le., 
optical, etc. 
Pres., Pur. Agt.—Norman H. Farr 
Vice Pres., Treas.—William H. Lane 
Sls. Mgr.—Philip J. Mahan 


Trimount Plastic Co., Ene, Actingion 


B 
Reastiity tts teat chanced Gaeiaitie, Genie 
tive & industrial, high-pressure 
Pres.—Arthur S. Braverman 


MICHIGAN 


Acme Laminating & Plastics Co., 0 en De 
aa aetna ) 


(1, A) 


Personnel: see p. 1151 


*Cadillac Plastic & Chemical Co., Detroit 


(1, 4) 
Max. size laminated sheet: 54” x 80” 


Personnel: see p. 1151 


Qe res we eS 


Specialize in: molded shapes and industrial 
sheet 
Personnel: see p. 1151 


* it 
Detroit 1 Macoid Comp. Detroit 


(2, 3) 


Products Co., , Detroit -{% A, B) 
Max. size laminated sheet 
Personnel: see p. 1151 


Fabricon Products Div., Eagle-Picher Co 
River t Rouge (1, B B 
sheet: 4’ x 10’ 
5 dn wa see p. 1151 


Harstil Industries Co., St. Clair wr 


2, A) 
Max. size rolled tubing: 12” 


Standard length tubing: 44” and 96” 


Vice Pres.—A. A. Stilson 


Reynolds Plastics, Inc., Walled Lake (1, 4) 
Personnel: see p. 1182 


oodall Ind Inc., Detroit B 
size aes | sheet: 48” x A sala 
Personnel: see p. 1152 


MINNESOTA 


Perma Seal Plastic Products Co., St. Paul 


A, B) 
Max. size laminated sheet: 12” x 18” 


Pres., Pur. Agt.—Ralph H. Oby 


MISSOURI 


Consolidated Plastic Sales Co., = Late 
Max. size laminated sheet: 18” x 24” 4, B) 
Owner—Leroy C. Germain 


NEBRASKA 


Kerrco Products, Lincoln 
Max. size laminated : $2 
Personnel: see p. bem 


(1, 2, 4, A, B) 
"= 44” 


NEW HAMPSHIRE 


Hermsdorf Industries, Inc., Manchester 


Max. size laminated sheet: exe” tiene 


Max. size rolled tubing: 6” 

Standard length tubing: 8’ 

Specialize in: masts, antenna 
Personnel: see p. 1153 


NEW JERSEY 
Brutier Products Co., Inc., » Secaucus (4, B) 
Specialize etalized sheeting in 


in: laminated 
rolls 
Pres., Vice Pres., Sls. Mgr., Pur. Agt.—Walter 
Steinman 


Caspenter, L. E., E., & Co., Wharton (4, A, B) 


ted sheet: vinyl film to other 
continuous length materials in widths up 
to 60” 
Pres.—George Lucas, Jr. 
Vice Pres.—James V. Medici 
Pur. Agt.—A. W. Mitchell 


*Clifton Hydraulic Press Co., Clifton 
(1, 2, 3, 4) 
Max. size laminated sheet: 86” x 36” 


*Davis, Joseph, Plastics Co., oy 
(1, 4, A, B) 


Max. size laminated sheet: 22” x 
Personnel: see p. 1158 


Electronic Mechanics In Inc., Clifton 
Max. size laminated sheet : 19%" x 25%" 
Personnel: see p. 1158 


*Emeloid Co Hillside 
- fen Pes 21" x 
anaes see p. 1153 


(2, A) 


(4, B) 


Federal Industries, Div. of Textron, rar} 
Belleville (4, A 
Max. size laminated sheet: 60” wide, continu- 

ous lengths 
Pres.—Louis M. Plansoen 
Vice Pres.—John W. F. Young 
Pur. Agt.—Paul B. Grosjean 


Cunt Cap, Mn, Air Cruisers Div., Bel- 


Siew cite teutante’ chee wre? *4 


Personnel: see p. 1153 


Glassoloid Corp. of America, Clifton 
(A, B, 4) 
Max. size laminated sheet: 30” x 44” 
24” x 52” 


Specialize in: flat bed laminating, coating, 
vacuum forming 
Pres.—Walter A. Roembke 
Vice Pres.—W. A. Frazier 
Sls. Mgr.—Jim Campbell, Jr. 
Pur. Agt.—R. S. Thurston 


Kaykor Industries Inc., Div. of Kaye-Tex 
vill (4, A) 


Personnel: see p. 1158 


Ka o-Tex Mf. Comp Yardville 
Aa ‘eine v3 
ous —— 
Pres.—Irving Korn 
Vice Pres.—Vernon C. Pierce 
Sls. Mgr.—Carl H. Bagen 


Pur. Agt.—Norman F. Giberson 


ove , 4, A) 





Modular Molding Corp., Burlington 


3, B 
Max. size laminated sheet: 4’ x 23, 4A, 
Specialize in: laminated sandwich structures 
and modular building panels, using vari- 
ous skins and honeycomb and foam cores. 


Plastex Process Co., Maywood (4, A) 
Specialize in: laminating vinyl and nylon 
to webs of customer's materials up to 4” 
wide 
Plastic Laminating Corp., Vaux Hall 8) 
Max. size laminated sheet: 86” x et 
Plasti-Foam Corp., Hoboken (4, A) 
Max. size laminated sheet: 3’ x 6’ 
Personnel: see p. 1154 


*Polyplastex United, Inc., U 


“ 2, fh 5. 
Max. size laminated sheet: 48” x 96"; 
sizes to order 
Specialize in: d tive rigid vinyl, decorative 
flexible vinyl, and decorative acrylic sheet 
laminates; also laminate Mylar 


Rich- Tex, Inc., Cedar Grove (4) 
Size of laminate: 56” wide to 0.060” ; 
laminate to glass or cloth 





Ridge Printing Co., Inc., Ridgefield 


4, A, B) 
Pres., Sls. Mgr., Pur. Agt.—George M. Cohan 


Roltex Process Corp., Repelle i: A, ») B) 
Size of laminate: 54” up to 0 050” 
Pres., Sls. Mgr.—William M. Feder 
Vice Pres.—Miki Berger 


Rondale Co., Inc., The, Roselle (4, A, B) 
Size of laminate: 54” wide up to 60-gage 
thick; vinyl to all materials 
Pres.—Jacob Rubin 
Vice Pres., Pur Agt.—Arnold Eddy 
Sls. Mgr.—Seymour Rubin 


Reyeens, Ine., Cedar Grove (4) 
Size laminate: 56” wide to 0.060” thick; 
vinyl film laminated to glass or cloth 


Spiral-Glas Pipe Co., New Brunswick 
Max. size tu : Oo 
Standard length tubing: 20’ 
Pres.—Carl de Ganahl 


Sis. Mgr.—C. Brice de Ganahl 
Pur. Agt.—Amy MacKenzie 


Transeal, Ltd., S. 9. Plainfield, (1 A, B) 
Max. size sheet: 12” x 30”, 2: 


22” x 28", pod x ty 
Pres.—Willard M. Saidel 


(A) 


*United States Gasket Co., yy Camden (4, A) 
Max. size laminated sheet: 


Specialize in: Kel-F- patel ta a for 
chemical] resistant equipment linings 
Personnel: see p. 1154 


NEW YORK 


Aacon Industries, Inc., Brooklyn 


& 4, A, B) 
Max. size laminated sheet: 48” x 


Personnel: see p. 1155 


Allied Engraving & Stamping Co., Bula 
Max. size laminated sheet: 12” x 12” 


Allied Plastics Supply Corp., New York 
(1, 2, 4, A) 


American Duralize Corp., New York 
4, A, B) 
Max. size laminated sheet: 54” wid con- 
tinuous lengths 
Specialize in: stretch lamination using poly- 
ester film 


* Indicates Advertiser 


1164 


“an siee lemon shooks 88° 2 SA” student 


larger or continuous on request 
Specialize in: both TFCE and TFE, sometimes 
in combinations for special purposes, e.g., 
in bearing surfaces 
Pres., Sls. Mgr.—Armen Garabedian 
Vice Pres.—Edward F. Wiseman 
Pur. Agt.—Roland Perry 


Atlas les Plastics, Inc ce, Inc., Buffalo 


a bo rolled tubing: @” dia. 
Max. size molded tubing: 6” dia. 
Standard length tubing: 8’ 
Specialize in: reinforced plastic ducting 
Pres.—H. S. Nathan 
Vice Pres.—J. H. Nathan 
Sls. Mgr.—David L. Thomas 


(2, A) 
18” 


Barr Corp., The, Richmond Hill (4, A, B) 
Specialize in: plastic-to-plastic and plastic-to- 
fabric laminations 
Pres., Sls. Mgr.—I. S. Kramer 
Vice Pres., Pur. Agt.-M. B. Bayer 


Duro-Plast Distributing Co. Inc., New York 


B) 
Max. size laminated sheet: sour s sor” 
Pres.—Paul Gold 
Sls. Mgr., Pur. Agt.—Norman Wile 


Du Verre, Inc., Buffalo 
Max. size laminated sheet: 60” x 120” 
Max. size molded tubing: 84” 
Standard length tubing: 72” 
Specialize in: tanks, duct, hoods, fans for cor- 
rosion service 


(2, A) 


Emerson Plastics 
Pres.—Walter 
Vice Pres.—I. Elsfelder 
Sls. Mgr.—A. Morgosiam 
Pur. Agt.—D. Singer 


.» Bronx (4, A) 


Fabric Leather Corp., New York 


(B) 
Max. size laminated sheet: 24” x 54” 


Fassler, M. J., & Co., Inc., a xi 
Size of laminate: 57” wide; paper and doth 


Glesply Corp., Mount Vernon (2) 
size laminated sheet: 5’ x 12’ 
a size rolled tubing: 43” dia. 
Standard length tubing: up to 25’ 
Specialize in: tubing %” dia. to 48” dia. 
straight or tapered, up to 25’ long 
Pres.—Frank A. Lambert 


Glass Laboratories Inc., Brooklyn (B) 


a gg > Chemical Products Cos 
des betas Ged end 
uncoated fabrics 


(4, A) 
Max. size 


Personnel: see p. 1179 


Harte & Co., Inc., New York 
laminated sheet: 72” 


* York 1,4 
ere %° 


Personnel: see p. 1155 


Identification Service Corp., ee A) 
Max. size laminated sheet: 20” x 50” 4 
Pres., Pur, Agt.—H. G. Schonzeit 
Vice Pres., Sls. Mgr.—J. H. Schonzeit 


Industrial Sales Engineers, New York 


1, 4, 
seen thie teudetned:dinahihitn ser A) 
Personnel: see p. 1155 


b Pas oe Beaver Falls | 
a ye 2 Fas, Bases Falls (1, a) 
Specialize in: low-cost electrical grade laminates 


Lumar Optical Mfg. Co., Inc., Mt. Vernon 
l 
Max. size laminated sheet: 16" x 20" | 45 
Specialize in: laminating acrylics 
Pres., Sls. Mgr., Pur. Agt.—Martin S. Fox 
Lunn Laminates, Inc., Huntington Station 


Specialize in: marine, 
applications 


4 
ben Pa Widen up to 60 in.; al on 


oS ee ee eee ae 
woven fabrics 


Metallic Plastics Corp., Long Island 1 
Max, size laminated sheet: 48” x 300’ “FE 


Mica Insulator Div. of Minnesota Mining 
Mie Mi . . 2, A, B) 


Specialize in: edge-lighted panels of acrylic 
laminate 


Plastic Center, Rochester 
Max. size laminated sheet: 7 a 12” 
Pres.—G. Dudley Ward 
Vice Pres.—J. W. Proctor 


(1, 4, B) 


Plastic Service C New York 


sheet: 24” x 54” 


Printloid id Plastics, Ine., c., New, York 
x 
ay ee oe en Martin 
Sis. Mgr.-—-J. M. Wodiska 


Printon Corp., New York (4, A, B) 
Size of laminate: up to 50” wide and 50 gage 
thick 
Pres.—Dr. Mare Goland 
Vice Pres.—Lew B. Goland 


*Rubber Corporation of America, Hicks- 
— U4, A, B) 


Max. size laminated sheet: 24” x 52” 


Rudd Plastic Fabrics Corp., Brooklyn | . 
ek di hanetihiaiechdra te «. sheets; 
48” wide in rolls 


Russell Reinforced Plastics Corp., Linden- 
hurst et B) 
Max. size laminated sheet: 4’ x 10’ 

Pres.—Alfred W. Russell 

Vice Pres. Treas., Sls. Mgr.—Emest © 
Schultz 

Pur. Agt.—Fred C. Turner 


Schori Process Div. of Ferro-co Corp., 
Long Island Ci 2A) 
Max. size sheet: 50” x 152” up 

%” thick 


Max. size molded tubing: 90” 
Standard length tubing: any length 





Specialize im: glass reimforced polyester cylin- 
drical tubes from 3” to 96” 


Sls. Mgr., Dir. of Research—B. Goldberg 
Pur. Agt., Plant Mgr.—M. Gurdin 


ee 20” x 50” (1) 


Silicone I Inc., Bronx (2) 
Specialize in: igh temperature laminated 
shapes, tubes, & rods 


Shoe Form Co., 


fax. size lamina’ 


Spaulding Fibre Co., Inc., Tonawanda 


; (1, A) 
Max. size laminated sheet: 41” x 49” 
Max. size rolled tubing: 6” dia. 
Standard length tubing: $7” 
Specialize in: vulcanized fiber, industrial lami- 
nates & fabricated parts 
Pres.—C. C. Steck 


St. Regis Paper Co., Panelyte on New 


York (1,2, A, B) 


Max. size laminated sheet: 48” x t 
Max. size rolled tubing: 24” °O.D. x 72” length 
Max. size molded tubing: 6” O.D. x 48” 

Standard length tubing: 36, 48, 60, 72, and 96” 


Teitelbaum, N., Sons, Ine., N lew York (4, A) 
Specialize in: vinyl press ciaear 


Inc., Lo 
ns B) 


Virginia Plak Co., New York (4, A, B) 
Max. size laminated sheet: 35%” x 37%” and 
30” x 40” 
—Edward Rosenberg 


U.S. Acoustical Laboratories, 
Island City 
Pres.—Fred H. Martin 


Pres. 


Vitex Plastics, New York (1) 
Max. size laminated sheet: 24” x 54” 
Partners—Harry Schlesinger, Bertrand Schle- 
singer, Warren Schlesinger 


Weblon, Inc., New York 


Max. size laminated sheet: continuous rolls 


A B) 


NORTH CAROLINA 


Dockery Mfg. Co., Ine., Rockingham 
(1, 2, 3, A, B) 
Max. size laminated sheet: 48” x 144” 


OHIO 


(Argo Plastic Products Co., Inc.. Clevelend 
Max. size molded tubing: 96” LD. with 
polyethylene 
Standard length tubing: 4’ and 10’ of poly- 
ethylene 
Specialize in: fabricated plastic for corrosive 
applications 


*Barron, J. E., Plastics, Inc., Cincinnati 
(A, B) 


Personnel: see p. 1157 


Buckeye Molding Co., 


Specialize in: Se 


Personnel: see p. 1157 


Continental Can Co., Inc., Shellmar-Betner 
Div., Mt. Vernon (B) 


Cincinnati Development & Mfg. Co., » Ce 
(2 


cinnati 

Max. size laminated sheet: 24” x 38” 
Pres.—William H. Mooney 
Vice Pres., Sls. Mgr.—W. M. Mooney 
Pur. Agt.—E. D. Mooney 


* Indicates Advertiser 


Fasson Products, Painesville (B) 
Max. size laminated sheet: 54” 
Specialize in: pressure-sensitive adhesives 
Pres.—Burton D. Morgan 
Gen. Sis. Mgr.—Mason Barr 
Pur. Agt.—Pierre LeBlanc 


Formica Corp., Cincinnati (1, 8, A, B) A, B) 
Max. size laminated sheet: 48” x 120’ 
tive and 36” x 84” industrial 
Max. size rolled tubing: 18” 
Max. size molded tubing: 4” 
Standard length tubing: 36” 


Francis Industries, Pataskala (2) 
Max. size molding tubing: 8’ dia. 
Standard length tubing: 10’ 
Specialize in: high strength electrical and 
chemical tubing of glass roving 
Pres., Sls. Mgr.—R. J. Francis 
Vice Pres., Pur. Agt.—C. A. Francis 


Heil Process Equipment Corp., eee ag 


Max. size laminated sheet: 48” x 96” 
Pres.—Cari E. Heil 
Vice Pres.—Edwin W. Vereeke 
Sls. Mgr.—Kenneth C. Norton 
Pur, Agt.—George King 


L & P Tool Co., Cincinnati (1, 4, A) 
Max. size laminated sheet: 12” x 12” 


Plaskolit Columbus 
ee es ee random lengths 
Specialize in: profiles, especially rigid ma- 
terials, and difficult shapes for such things 
as lighting diffusers, appliance parts, plas- 
tic signs, etc. 


Personnel: see p. 1158 


Seiberling Rubber Co., Newcomerstown 
14,A 
Max. size laminated sheet: 48” x ow 4,4) 


Personnel: see p. 1158 


PENNSYLVANIA 


Allegheny Plastics, Inc., Coraopolis (4) 
ted sheet: 900 sq. 
pene in: oe Aama dg blanking, 
and assembly of thermoplastic parts 
Personnel: see p. 1158 


ae Coatings & Engineering Co 
edia sans ey Aj 
~ in: industrial equipment, tanks, 
sels, etc. 
Pres., Pur. Agt.—Karl Bennung 
Sls. Mgr.—C. L. Boyle 


Curry Arts Molding and ee &s Co. 
Scranton 1, 2, 4, A, B) 


Max. size, sheet: - 26” 
Specialize in: acrylic decorative sheets 
Personnel: see p. 1159 


Hays | Mfg. Co., Erie (2) 
size, laminated sheet: 48” x 96” 
get see p. 1159 


Kehr Products Co., Philadelphia (4) 
Pres.—Alan F. Kehr 


Vice Pres.—H. B. Kehr 
Pur. Agt.—S. B. Gutman 


Laminations, Inc., Scranton 
Pres.—John Muldowney 
Vice Pres.—M. J. Lynch 


(4, A, B) 


Plastic Laminating Co., Swarthmore 


(1, 4, A) 
Max, size laminated sheet: 23%” x 31” 
Specialize in: graphic products, film, dials, 
scales, instruction plates, schematic dia- 
grams, name plates 
Owner, Sis. Mgr., Pur. 
Dodd, Jr. 


Agt.—Samuel M. 


*Raybestos-Manhattan, Inc 


Personnel: see p. 1159 


+» Manheim 
(1, 2, A, B) 


Scranton Plastic Laminating Corp., es) 
ton 
he na size laminated sheet: 50” x eer 


Specht Plastics, Inc., Somerset 
Max. size laminated sheet: 36” x 48” 


Personnel: see p. 1159 


Strick Plastics, Perkasie (1, A,B) 
Gen. Mgr.—H. Weinstein 
Synthane Corp., Oaks 
Max. size laminated sheet: 
86”; 96” x 24” 
Max. size rolled tubing: 26” O.D. 
Max. size molded tubing 4” O.D. 
Standard length tubing: 18”-36"-48"-96” 
Specialize in: sheets, rods, tubes, molded macer- 
ated, molded laminated fabricated parts 
Pres.—R. R. Titus 
Sls. Mgr.—E. E. Smith 


2, A) 


(I, 
36” x 36"; 72” to 


United Laminations Inc., » Mayfield (4, A, B) 
Max. size laminated sheet 
Pres.—M. Brog 
Vice Pres.—Herbert Perry 


Mot ot Plastics Co., Sharon, (3, B) 
reegrenrs sheet: 18” 
: laminating be es on plywood 
ran, pk wood 
Pres., Sls. Mgr.—Harry Northover 
Vice Pres.—Paul Richley, Sr 
Pur, Agt.—Paul M. Rizor 


Westlake Plastics Co, Li Lenni Mills 
Max. size laminated 


Standard length tubing: _” 
Personnel: see p. 1160 


(2, 4) 


Willson Camera Co., Inc., Havertown 
(1, 4, A, B) 
Max. size laminated sheet: 22” x 50” 
Specialize in: thermosetting, thermoplastic and 
roller film laminations 

Pres.—~Thomas C. Willson, Jr. 

Vice Pres., Sls. Mgr.—Nathan S. Weintraub 

Pur. Agt.—Everett Beaumont 


SOUTH CAROLINA 
Westinghouse Electric Comp, Micarta 
Div., Hampton ow? 3 A, B) 
Max. size laminated oo x 
thick, 36” x 36” x 12” pn 


Max. size molded tubing: 1%” x 36” long. 

Max. size rolled tubing: %”-48" D. & 58” 
O.D. 

Standard length tubing: 20” x 50” and 90” 
length depending on diameter and wall 

Specialize in: phenolic, melamine, silicone, 


epoxy 
Personnel: see p. 1160 


TENNESSEE 


Plastic Industries, Inc., Athens 
Max. size laminated sheet: 8” x 5” 
Pres., Sls."Mgr.—Jones C. Beene, III 
Vice Pres.—Roy Nankivell, Jr. 
Pur. Agt.—Roy E. Nankiveil, Sr. 


(1, B) 


TEXAS 


Plastics Center of Texas, San Antonio (1, 4) 
Max. size laminated sheet: 8” x 10” 
Specialize in: 8” x 10” or smaller standard 
high-pressure jobs 
Partners—Ovidio Flores, Sr. 
Cavazos 


and Ernest 


Southwestern Plastics, Inc., Houston (4) 


Personnel: see p. 1175 









Wilson, Ralph, Plastics, Ine. > Temple (1, B) 
Max. size laminated sheet: 


WASHINGTON 


Everlite Corp., Seattle 
Max. size laminated sheet: 48” x 
Pres.—Robert H. Anderson 
Vice Pres., Pur. Agt.—Alva L. Strope 
Sls. Mgr.—Kenneth R. Anderson 


2.3 A, B) 


Rainier Plywood Co., Tacoma 
Max. size laminated sheet: 4’ x 8’ 
Pres.—George F. Baum 
Vice Pres.—A. J. Johnson 
Mgr. of Research and Prod. Dev.—Richard 

Rose 


(3, A) 


Vaupell Industrial Plastics, Inc., Seattle (1) 


ersonnel: see p. 1161 


WISCONSIN 


Buckstaff Co., The, Oshkosh 
Max. size laminated sheet: 8’ 
Specialize in: 


(1, A, B) 


ymca ra ll laminates; 


sheets; and complete jobs 
Pres.—John D. Buckstaff 





Vice Pres.—Clyde Buckstaff 
Sls. Mgr.—Lloyd Juedes 
Pur. Agt.—Milton Kaspar 


Consoweld Corp., Wisconsin neat 


Max. size laminated sheet: 51” x sae 
Pres.—Stanton W. Mead 
Vice Pres.—Ralph R. Cole 
Gen. Mgr.—Jay G. Somers 
Sls. Mgr.—John A. Davies 
Pur. Agt.—Vimson Krapfel 


1, A, B) 


Decar Plastic Corp., Middleton 
Max. size laminated 48” x 7 


86” x 96” 
Pres. Sls. Mgr.—Ralph L. Fossler, Sr. 
Vice Pres., Tech. Dir.—T. Walter Noble 
Vice Pres., Gen. Mgr.—George W. Johnson 


(1, B) 
2” ‘and 


Fiberesin Plastics Co., Oconomowoc (1) 
Max. size laminated sheet: 4’ x 8’ 
Specialize in: high-pressure laminated melamine 
board stock 3/16", 5/16”, 5/8”, 13/16” 

Pres.—W. W. Turner 

Vice Pres.—David McCalla 

Sls. Mgr.—R. W. Healy 

Pur. Agt.—R. J. Lyman 


Northern Plastics Corp., LaCrosse (1, 4, A) 
Max. size laminated sheet: 39” x 47” 
Pres.—J. S. Gelatt 
Vice Pres.—O. P. Labus 
Sls. Mgr.—Ray B. Haugen 
Pur. Agt.—S. L. Noe 


ics Co., Inc., P. 
Penge Fain Or Jae Free 4, 
Personnel: see p. 1161 


Portz Plastics & F tre Ci Co., Milwaukee (4) 
Max. size laminated sheet: 24” x 30” 
Personnel: see p. 1161 


Premier Plastics Co., Milwaukee (A) 
Max. size rolled tubing 
Standard length tubing: r 
Pres.—Robert W. Ray 
Vice Pres.—William R. Ross 
Pur. Agt., Sec.—Merry Blatnik 


Presco Plastics, Milwaukee (1, 4, A) 
Max. size laminated : various size 
Personnel: see p. mn 
ENGLAND 
BX Plastics, Ltd., London (4, A) 


Max. size laminated sheet: 8’ x 4’ 








PLASTISOL MOLDERS 








CALIFORNIA 
Molded Products, Inc., z5/0s Angeles (A, B) 


Personnel: see p. 


COLORADO 
Reinhardt Plastics Co., Denver (A) 


GEORGIA 


Flexible Products Co., 2, Marietta 
Pres., Sls. Mgr.—R. 
Vice Pres.—D. B. oo 
Pur. Agt.—S. F. Rutland 


(A, B) 


Pasley’s Plastic Products Inc., Atlanta 


B) 
Pres.—Mrs. M. P. Rushton 


Vice Pres., Sls. Mgr., Pur. Agt.—Robert H. 
Pasley 


ILLINOIS 
Plastic Rotocast Co., Chicago (B) 


Pres., Pur. Agt.—Bruce Evens 
Vice Pres., Sls. Mgr.—Sylvia Evens 


MASSACHUSETTS 
Electroformex Laboratories, Franklin (A, B) 
Pres., Vice Pres.—Walter J. Hanson 
Sls. Mgr.—Sumner Miller 
Pur. Agt.—John Dowling 


Plast-O-Matic Corp. 


Personnel: see p. isi 


Leominster (B) 


MINNESOTA 
Valco Corp., St. Paul (A) 
* Indicates Advertiser 
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MISSOURI 
Regal Plastic Co., Kansas City (B) 
Personnel: see D. 1152 
NEBRASKA 
Fics Corp. Overton (A) 


. Mgr.—A. H. Collins 
“7 pod -< Wycoft 


NEW JERSEY 
Firmaline Products, Inc., Midland Park (A) 


Greising Raginenting C Co., Runnemede (A) 


Personnel: 
Poinsettia Co., », Ine, ne., Pitman (A) 
Treas.—E. 
NEW YORK 
Aacon Industries, Inc, z brooklyn (A) 


Personnel: see p. 
Atlas Plastics, Inc., Buffalo (A) 
Axel Plastics Research Laboratories, Brook- 
1 Pur. Agt.—R. R. Axel A) 


Vice Pres.—John Gold 
Sls. Mgr.—Gerald D’Avardo 


Bricmar Mig. Ce Com. " New York (A, B) 


Personne 


Clinton Plastic Molders s Corp., Brooklyn (B) 


Personnel: see p. 1155 


Fiberoid Doll Products Corp., Brooklyn (B) 


Personnel: see p. 1155 


Frisch Plastics Corp., , New York (A) 
Personnel: see p. 1 






Industrial Sales Engineers, New York (A, B) 


Personnel: see p. 11 


International Plastic Co. .» New York (A, B) 


Personnel: see p. 


Paragon Plastic Corp. New York (A,B) 


Vice Pres.—S. Bardinska 
Sls. Mgr.—P. Bennett 
Pur. Agt.—A. Dobbs 


OHIO 


L & P Tool Co., Cincinnati (ay 
Personnel: see p. 1157 


ar ty Products Div., The Fanner Mfg. 
.» Cleveland (A) 
> see p. 1157 


U.S. Stoneware Co. The, Akro 
Pres.—J. M. W . Chamberlain e 
Vice Pens ~Hlpwesd Farkas 
Pur. Agt.—Robert Richmond 


(A, B) 


PENNSYLVANIA 
Pelmor Laboratories, Ine., Newtown (A) 


Personnel: see p. 115 
*Port Erie Plastics, Inc., Erie (A) 
Personnel: see p. 1159 
TEXAS 
Wyatt's Plastics, Inc., Houston (A, B) 
Personnel: see p. 1160 
WEST VIRGINIA 
Plastics by . . . Hoover, Huntington (8B) 


WISCONSIN 
Weber Plastics, Inc., Stevens Point (A) 














REINFORCED PLASTICS PROCESSORS 








CALIFORNIA 


*xAerojet-General Corp., Structural Plastics 
Div., Azusa 

Types of molding and kinds of molds used: 
matched molds. transfer molds, vacuum bag 
molding, filament winding 

Number of presses, platen area, and daylight 
space of each press: 1-20 ton, 9.0 x 12.00 
platen, 6.00 daylight; 1-35 ton, 18.0 x 18.0 
platen, 10.00 daylight; 1—45 ton, 9.0 x 12.0 
platen, 8.00 daylight; 1-50 ton, 12.0 x 
12.0 platen, 10.00 daylight; 1—50 ton, 18.0 x 
18.0 platen, 12.00 daylight; 1-200 ton, 
24.0 x 24.0 platen, 20.00 daylight; 1—300 
ton, $6.0 x 36.0 platen, $6.00 daylight; 1-680 
ton, 40.0 x 40.0 platen, 58.00 daylight 

Size of flat laminated sheet: all sizes of above 
listed platens 

Type of resins and reinforcements used: all types 
polyesters, epoxy, and phenolics; reinforce- 
ments used in these resins are glass cloth, rov- 
ing, mat, asbestos, and fillers 

Type of fabrication: structural reinforced plastic, 
metal and plastic bonding 

Personnel: see p. 1145 


Airconductors, Gardena 


Types of molding and kinds of molds used: low 
pressure, plaster and metal molds plus the 
“Sindars Steel Method”. Tension wrap and 
vacuum bag molding plus SSM 

Types of resins and reinforcements used: thermal 
and thermal setting resins preimpregnated in 
any cloth; phenolic, epoxy, silicone insulation 
for extreme high temperature for jet and missile 
use; non-metallic ducting of flexible and rigid 
types; missile components, transmitter rings, jet 
vanes; high pressure flexible tubing and insula- 
tion ducting; custom sewn covers 

Type of fabrication: low pressure laminators; cus- 
tom molders, military and aircraft; custom pro- 
tective covers sewn 


Automatic Plastic Molding Co., Berkeley 


Types of molding and kinds of molds used: match 
metal; premix 

Type of resins and reinforcements used: rovings; 
polyester 

Number and sizes of preformers: 2 

Personnel: see p. 1145 


Alsynite Co. of America, San Diego 


Types of molding and kinds of molds used: flat 
and formed sheets 

Number of presses, platen area, and daylight space 
of each press: max. size: 60 x 102”; 19” day- 
light 

Type of resins and reinforcements used: glass mat 
and cloth; printed fabrics; polyesters; phenolics 

Type of fabrication: form sandwich panels 

Pres.—John S. Berkson 

Vice Pres.—F. X. Ambrose 

Sls. Mgr.—Ralph W. Giffin 

Exec. Vice Pres., Pur. Agt.—M. F. McNeil 


Calfibe Co., Inc., Redlands 


Types of molding and kinds of molds used: 
matched metal dies 

Number of press, platen area, and daylight space 
of each press: 6—max. 48 x 84, daylight to 4’ 

Size of flat laminate sheet: 48 x 84 

Type of resins and reinforcements used: polyester, 
phenolic, epoxy, silicone 

Pres.—H. P. Barnard, Jr. 

Vice Pres.—William M. Jordan 

Pur, Agt.—Paul L. Bowler 


* Indicates Advertiser 


Chemold Co., Santa Monica 


Types of molding and kinds of molds used: hy- 
draulic press molding on matched metal dies 

Number of presses, platen area, and daylight space 
of each press: 4—75 ton, 3’ x 5’, 48” daylight; 
2—150 ton, 4’ x 8’, 72” daylight; 1-750 ton, 
92” x 130”, 40” daylight 


Number and sizes of preformers: 1—48” with 
ancillary over equipment 

Type of fabrication: custom molding of contoured 
parts; flat and ribbed building panels and lam- 
inated plywood foam; and honeycomb up to 4’ 
xz 12’ 

Pres.—K. D. Smith 

Vice Pres.—L. R. Daily 

Sls. Mgr.—R. A. Nelson 


Chemtron Fiber Glass Co., E] Monte 


Types of molding and kinds of molds used; con- 
tact, vacuum, press, cold molding; steel, alu- 
minum, wood, reinforced plastics, plaster 

Number of presses, platen area, and daylight 
space of each press: 1~24 x 24 x 30; 1-60 x 
144 x 36; 1-48 x 48 x 72; 1-30 x 60 x 60; 
1-30 x 54 x 48 inches. 

Size of flat laminate sheet: up to 60 x 144 

Type of resins and reinforcements used: epoxy, 
polyester, phenolic; glass cloth, mat, roving, 
sisal, jute 

Type of fabrication: vacuum, molded, hand layup, 
matched die cold molding 

Personnel: see p. 1162 


Copolymer Corp., Los Angeles 

Types of molding dome and kind of molds used: 
steel and aluminum molds for premix-preform- 
mat cloth 

Number of presses, platen area and daylight space 
of each press: 1-60 x 120 x 4’; 1—60 x 60 x 
4’; 6-18 x 24x 9’ 

Type of resins and reinforcements used: polyester, 
epoxy, fibrous glass, and sisal 

Number and size of preformers: 1—preform 48” 
dia. 

Pres.—John H. Wyckoff 

Sls. Mgr.—R. N. Stookey 

Pur. Agt.—Jan Kurdonik 


Filon Plastics Corp., El] Segundo 


Size of flat laminate sheet: 24”, 30”, 36” standard 
sizes, any width up to 49” 

Types of resins and reinforcements: pclyester 
resin, fiberglass rovings, and nylon strands 

Type of fabrication done: low pressure laminates 
by a continuous process 


General Plastics Corp., Los Angeles 


Types of molding done and kinds of molds used: 
fibrous glass and premix molding 

Number of presses, platen area and daylight space 
of each: 2—250 ton; 2—70 ton; 4—15 ton 

Pres.—Fausto M. Ricci 

Vice Pres.—Joseph H. Kingsley 

Sls. Mgr.—Herbert H. Schwarz 


M. C. Gill Corp., E] Monte 


Types of molding done and kinds of molds used: 
matched steel dies; compression molding 
Number of presses, platen area and daylight space 
of each press: 1-20” x 38” with 20” daylight; 
1-72” x 168” with 48” daylight; 1-36” x 36” 

with 24” daylight 


Size of fiat laminate sheet made: Max. 72” x 
168”; Min. 18” x 36” 

Type of resins and reinforcements used: polyester, 
phenolic, silicone, epoxy, glass, paper, cotton 

Type of fabrication: die cutting and cementing 

Pres.—M. C. Gill 

Vice Pres.—E. W. Gill 

Sls. Mgr.—Robert Hurlbut 

Pur. Agt.—Shirley Gray 


Kimball Mfg. Corp., San Rafael 


Types of molding done and kinds of molds used: 
premix, preform, mat, cloth; matched metal 
molds and hand layup, vacuum bag 

Number of presses, platen area and daylight space 
of each press: 1—48” daylight 44” x 46”, 2—30” 
daylight 24” x 24”, 1—28” daylight 72” x 28”, 
1—36”" daylight 24” x 24”, 1-12” daylight 
12” x 12” 

Type of resins and reinf ts used: chopped 
strand mat, preform glass cloth, woven roving; 
polyester, epoxy 

Type of fabrication: varied assembly work 

Pres.—William R Kimball, Jr. 

Pur. Agt.—Robert Ting 





Laminair, Inc., Gardena 


Types of molding done and kinds of molds used: 
contact, vacuum bag, press-on plaster, FRP, 
or metal tools 

Number of presses, platen area and daylight space 
of each press: 1-14” x 14” x 24” 

Type of resins and reinforcements used: glass 
cloth or mat with polyester, epoxy, phenolic, 
silicone 

Type of fabrication done: radomes, aircraft struc- 
ture, antenna components 

Pres. & Chief Eng.—John W. Love 

Vice Pres., Prod. Mgr.—F. Richard Schwend 

Sls. Mgr.—Stanley Harkins 

Pur. Agt.—R. Ogden 


Marplex Co., El Segundo 


Types of molding done and kinds of molds used: 
fiber glass, polyester; matched metal molds 
Number of presses, platen area and daylight space 

of each press: 11 presses, same size platens, 
24” x 24” to 30” x 40”; daylight, 3’ to 5’ 
Size of flat laminate made: 2’ x 3’ 
Type of resins and reinforcements used: polyester 
resins, fiber glass rovings, and mat 
Number and size of preformers: 3, up to 30” dia. 
Type of fabrication: customary finishing operations 
Pres., Sls. Mgr.—Erich Marx 
Vice Pres.—Walter Carson 
Pur, Agt., Factory Mgr.—Hans Meyer 


Mica Corp., The, Culver City 


Size of flat laminate sheet: 4’ x 8’ 
Personnel: see p. 1162 


Olympic Plastics Co., Inc., Los Angeles 


Types of molding done and kinds of molds used: 
hand lay-up and matched metal iding, using 
plaster, plastic, cast and steel molds 

Number of presses, platen area and daylight space 
of each press: platens ranging from 12” x 12” 
to 48” x 60” with 7’ daylight 

Type of resins and reinforcements used: polyester, 
silicone, phenolic, epoxy resins, with all types 
of glass fabric, glass mat, and glass rovings 

Number and sizes of preformers: 2: 1-36", 1—48” 

Personnel: see p, 1146 








Plastic Age Co., Saugus 


Types of molding done and kinds of molds 
used: vacuum bag—permanent and , temporary; 
matched metal dies; glass layup and preform 

Number of presses, platen area and daylight space 
of each press: see large sizes on compression 
presses 

Size of flat laminate sheet: 48” x 144” polyester 
and methacrylate 

Type of resins and reinforcements used: polyester 
and epoxy, methacrylates, alkyd, glass, nylon 

Number and sizes of preformers: l—up to 24”, 
l—up to 48” 

Type of fabrication: commercial and military 


Polyply Co., San Diego 

Number of presses, platen area and daylight space 
of each press: 1—40” x 100” x 18” 

Size of flat laminate sheet: 36” x 96” 

Type of resins and reinforcements used: polyester, 
glass, and paper 

Type of fabrication: homeycomb panels 

Pres.—George A. Baker 


Reflin Co., San Diego 

Type of fabrication: Sbrous glass reinforced plastic 
pipe 

Pres., Treas., Sls, Mgr.—Louis L. Potomac 

Vice Pres.—Lela M. Potomac 

Pur. Agt.—L. P. Kehres 


Reinhold Engineering & Plastics Co., Inc., 
Subsidiary of Haveg Industries, Norwalk 

Types of molding dome and kinds of molds used: 
compression and transfer mated metal molds 

Number of presses, platen area and daylight space 
of each press: 22 presses with platen area from 
8” x 12” to 30” x 32” (also 21” 39”) with day- 
light space from 9” to 4’ 

Types of resins and reinforcements used: all types 
to customer specificattons 
Type of fabrication: contact, 
press moldings; coatings 

Personnel: see p. 1146 


vacuum bag and 


Rippolite Plastic Products, Inc., Burbank 
Size of flat laminate sheet made: 40” x 12’ 
Width and thickness of laminate: 24” to 40” glass, 
3/64”"—1/16"—3/32" glass 
Type of resins and seimforcements used: fiberglass 
mat, polyester 

Pres., Gen. Mgr., Sls. Mgr.—Jack D. Whitehead 
Vice Pres., Plant Supt., Pur. Agt.—Leo J. Hulbert 


Summit Industries, Inc., Gardena 

Types of molding done and kinds of molds used: 
low pressure laminating, sandwich structure, 
press holding 

Number of presses, platen area and daylight space 
of each press: 100 ton, 74” space, 39” x 26”; 
50 ton, 54” space, 30” x 30”; 20 ton, 28” 
space, 14%" x 14%” 

Size of flat laminate sheet made: 6’ x 11’ 

Type of resins and reinforcements used: asbestos 
and glass fibers, polyester, epoxy, phenolic, and 
silicone resins 

Type of fabrication: laminates and honeycomb of 
foam sandwiches 

Pres.—Albert S. Greenberg 

Vice Pres.—E. C. Mireau, Irving Green 

Sls. Mgr.—Robert Matlock 

Pur. Agt.—Robert Sheridan 


*Swedlow Plastics Co., Los Angeles 

Number of presses, platen area and daylight space 
of each press: 11 max. area 5’ x 10’; max. day- 
light 80” 

Size of flat laminate sheet: 5’ x 10’ 

Continuous laminating: 0.005 to 0.100” thick; 36” 
to 60” width 

Type of resins and reinforcements used: fibrous 
glass, nylons, cotton, paper; polyester, acrylics, 
other resins 

Number and sizes of preformers: 1—48” 

Pres.—Dave Swedlow 

Vice Pres.—John Endicott 

* Indicates Advertiser 
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Thompson Fiber Glass Co., H. L, Los 
Angeles 


Types of molding done and kinds of molds used: 
low pressure molding, laminating, bag molding, 
using matched metal molds, metal-epoxy, phe- 
nolic and plaster male or female molds 

Number of presses, platen area and daylight space 
of each press: platen size ranges from 11 x 16 
to 88 x 52, daylight varies by press with range 
of 24” to 60” 

Types of resins and reinforcements used: all types 
polyesters, phenolics and epoxy resins with 
glass cloth, glass mat, chopped roving and 
Refrasil 

Number and sizes of preformers: preform to 40” 
dia. x 28” deep 

Types of fabrication: all types of glass reinforced 
laminates and molding, including Refrasil ma- 
terials 

Pres.—H. L. Thompson 

Vice Pres., Gen. Mgr.—W. C. Winterhalter 

Sls. Mgr.—W. E. Benke 

Pur. Agt.—Dean Welch 


Wal-Mar Plastics, Inc., Torrance 
Types of resins and reinforcements used: epoxy, 


Sls. Mgr.—R. A. Ballinger 
Pur. Agt.—J. W. Burgess 


Wizard Boats, Inc., Costa Mesa 


Types of molding done and kinds of molds used: 
contact laminating; vacuum molding, hand 
lay-up 

Type of resins and reinf ts used: polyest 
resin, fiberglas mat, cloth and roving 

Type of fabrication: large lay-ups, boats, swim- 
ming pools, astrodomes, hand lay-ups 

Pres.—James S. Gallagher 

Vice Pres.—R. D. Henry, C. D. Horne 

Sls. Mgr.—William Severance 

Pur. Agt.—Thomas D. Price 





Zenith Aircraft, Div. of Zenith Plastics Co., 
Gardena 


Types of molding done and kinds of molds used: 
vacuum bag, contact, vacuum impregnation, and 
matched die molding; molds of plaster, cast 
phenolic, aluminum, metal spray and hi-speed 


Presses: 19—40 to 600 ton, up to 75” x 104” 
platen, up to 324” daylight 

Size of flat laminate sheet: 48” x 150” 

Types of resins and reinforcements used: phenolic, 
epoxy, silicone, and polyester resins with glass 
cloth, mat, roving and asbestos 

Number and sizes of preformers: 6—up to 60” 

Type of fabrication done: foam or honeycomb 
sandwich, glass preform, glass or asbestos rein- 
forced; solid laminates 


COLORADO 


Plasticrafts, Inc., Denver 

Types of molding done: matched metal molds 

Presses: 4 

Type of resins and reinforcements used: polyester, 
glass cloth and mat, epoxy 


CONNECTICUT 


Rich Plastic Products, Meriden 

Types of molding done and kinds of molds used. 
polyester fiberglass, steel molds, compression 
or transfer 

Personnel: see p. 1147 


* Waterbury Companies, Inc., Waterbury 

Types of molding and molds used: low pressures 

Number of presses, platen area and daylight space 
of each press: 1 — 113 ton, 1 — 27 ton, | ~ 
semi-automatic; also preformers 

Personnel: see p. 1147 


*U.S. Polymeric Chemicals, Inc., Stamford 

Type of resins and reinforcements used: polyester, 
melamine, DAP, epoxy, silicone, phenolic 

Type of fabrication: preimpregnating of glass 
fabrics, reinforcing mats and surfacing mats, 
etc. 

Pres.—Marten Oudegeest 

Vice Pres.—William S. Thornhill, E. J. Van Dyck 

Sls. Mgr.—Howard T. Cusic 

Plant Mgr.—T. T. Merwin, Jr. 


DELAWARE 


Continental Can Co., Inc., Conolite Div., 
Wilmington 

Size of flat laminate sheet: 36” and 48” wide, 
any length 

Continuous laminating: 36” and 48” wide, thick- 
ness .005” to .125” paper, glass cloth, cotton 
cloth 

Type of resins and reinforcements used: polyester 
resin; paper, glass cloth, and cotton cloth 

Type of fabrication: slitting coils 


Saree Fibre Corp., New- 


Types of molding done and kinds of molds used 
phenolic and polyester 

Size of flat laminate sheet made: 38” x 72” 
polyester 

Types of resins and reinforcements used: paper, 
cotton, fabrics for phenolics, glass mat for 
polyester 

Type of fabrication: drilling, sawing, turning 

Personnel; see p. 1147 


Haveg Industries, Inc., Wilmington 

Types of molding done and kinds of molds used: 
both low pressure and high pressure steel molds 

Number of presses, platen area and daylight space 
of each press: 7 — 24” daylight 

Size of flat laminate sheet made: 60” x 36” 

Type of resins and reinforcements used: phenolic, 
furan, polyesters, asbestos glass cloth 

Personnel: see p. 1147 


*National Vulcanized Fibre Co., 
Wilmington 


Presses: 1-36 x 93, 5” daylight; 1-36 x 46, 
8%” daylight; 1-86 x 42, 1%” daylight 
a = a used: polyester 


ieteilection service 
Personnel: see p. 1147 


FLORIDA 


Fabri-Form Plastics Co., Jacksonville 

Types of molding done and kinds of molds used 
hand lay-up 

Types of resins and reinforcements used: polvest¢! 
and epoxy resins, flame resistant retardant; 
mat, cloth, and honeycomb 





Fiber Glass Plastic, Inc., Miami 

Type of resins and reinforcements used: polyester 
resin; glass fiber matting 

Type of fabrication done: glass fiber reinforced 
plastic panels, corrugated and flat; hand lay-up 
molding 

Pres., Sls. Mgr., and Pur. Agt.—W. T. German 


Lami-Plast Products Co., Tampa 

Types of molding done and kinds of molds used. 
custom anti-corrosive equipment, boats, floats, 
steel, plastic, and wood molds 

Type of resins and reinforcements used: epoxy, 
polyester, urea, fibrous glass, paper, cloth 

Type of fabrication: custom molding 

Pres., Sls. Mgr., Pur, Agt.—Bernard N. Rothenberg 

Vice Pres.—Mary P. Rothenberg 


Southern Plastic Products Co., Riviera 
Beach 

Types of resins and reinforcements used: epoxy 
and fibrous glass 

Type of fabrication: hand lay-up tooling 


ILLINOIS 


Hawley Products, St. Charles 

Types of molding done: fibrous glass, preform 
matched metal molds 

Number of presses: 1-60” x 84”°—60” daylight; 
1-30 x 40”°—60” daylight; 3—30 x 40”—48 day- 
light 


*Brunswick-Balke-Collender Co., Chicago 

Types of molding done: vacuum-bag molding, 
press molding, contact plaster, epoxy, metal 
spray, aluminum, steel 

Number of presses: 6 presses, platen; 4’ 3” x 2’ 2” 
to 6’ x 8”, daylight; opening up to 12’ 

ype of resins and reinforcements used: polyester, 
phenolic, epoxy, fibrous glass cloth, mat 

Fabrications: radomes, honeycomb, sandwich, 
solid laminate 


General American Transportation Corp., 
Plastics Div., Chicago 

Types of molding done and kinds of molds used: 
matched metal molding 

Number of presses, platen area and daylight space 
of each press: presses from 100 ton to 1000 
ton 

[ype of resins and reinforcements used: various 
types of resins with all types of fiber reinforce- 
ments 

Number and 
machines 

Personnel: see p. 1147 


size of preformers: 


5 preform 


Molex Products Co., Brookfield 

Types of molding done and kinds of molds used: 
premix compression and transfer molding 
matched metal molds only 

Type of resins and reinforcements used: polyesters, 
phenolics, glass, asbestos 

Number and sizes of preformers: 1 — automatic, 
handle to 2 Ibs./preform 

Type of fabrication done: manufacture premix, 
and mold and laminate it 


Multiplasties, Addison 

Types of molding done and kinds of molds used: 
steel molds 

lype of resins and reinforcements used: pelyester, 
epoxy, glass, etc. 

Type of fabrication: custom 


Plasticrafters Inc., Cicero 


Types of molding done: compression, steel molds 
Presses: 24” x 36” x 24” daylight 
Size of flat laminate sheet: 36 x 144 


* Indicates Advertiser 


Schramm Fiberglass Products Inc., Chi- 
cago 

Types of molding done and kinds of molds used: 
glass—steel molds, epoxy molds 

Number of presses, platen area and daylight space 
of each press: 4—50 ton 4’ x 4’ 

Types of resins and reinforcements used: epoxy, 
polyester, glass 

Type of fabrication: general 

Pres., Sls. Mgr.—R. W. Voigt 

Vice Pres.—Gene Schramm 

Pur. Agt.—Ray Heim 


TerraStone Inc.; Franklin Park 

Types of molding done and kinds of molds used: 
compression, matched dies 

Number of presses, platen area and daylight space 
of each press: 3—50 ton 30 x 50” platen 

Type of resins and reinforcements used: polyester 

Type of fabrication: mold decorative house siding 
panels 


United Die Models Inc., Chicago 

Types of molding done and kinds of molds used: 
contact, compression reinforced plastic and 
wood molds 

Type of resins and reinforcements used: polyester 
and epoxy, fiberglas cloth, mat and wuven 
roving 

Pres.—Edwin Knize 

Vice Pres.—Elmer Knize 

Sls. Mgr., Pur. Agt.—Alois R. Heinol 


INDIANA 
*The General Tire & Rubber Co., Marion 


” ‘Types of molding done and kinds of molds used: 


vacuum bag, contact, matched metal molding 

Number of presses, platen area and daylight space 
of each press: 35 presses: platen areas ranging 
from 32” x 34” to 72” x 84”, daylight to 96”, 
tonnage 50 ton to 700 ton 

Size of flat laminate sheet made: 4’ x 10’ sheet, 
thickness to 4%” 

Type of resins and reinforcements used: polyester, 
epoxy, silicones, glass mat, roving, cloth, sisal 

Number and sizes of preformers: 4 up to 48” dia. 

Type of fabrication: mold, drill, sand, paint 

Pres.—W. O’Neil 

Vice Pres.—H. M. Dodge 

Sls. Mgr.—Fred W. Dover 

Pur. Agt.—V. Cornell 


*Polygon Plastic Co., Walkerton 


Type of resins and reinforcements used: polyester 
and epoxy—fiber glass reinforcements 

Type of fabrication: extrusion of rods, tubes and 
irregular shapes 

Personnel: see p. 1149 


Plas-Steel Products, Inc., Walkerton 


Types of molding done and kinds of molds used: 
extrusion of solid fibrous glass rods and shapes; 
tubes 

Type of resins and reinforcement used: glass, 
polyester and epoxy 

Pres.—S. M. Shobert 

Vice Pres.—G. S. Parks 

Sis. Mgr.—E. M. Elliott 


Pribble Plastics Products, Inc., New Haven 


Types of molding done and kinds of molds used: 
hand lay-up, vacuum bag, matched metal 
molds, aluminum, steel, cast phenolic os 

Number of presses, platen area and daylight space 
of each press: 2-18 x 20, 28” daylight, 2— 
13 x 18, 28” daylight, 1-30 x 36, 40” day- 
light 


Type of resins and reinforcements used: polyester, 
epoxy resins, glass, and sisal reinforcements 
Personnel: see p. 1149 


IOWA 


Thombert, Inc., Newton 

Types of fabrication: gear blanks, sawing, stamp- 
ing, turning, shearing, punching 

Pres., Sls. Mgr., Pur. Agt.—Robert L. Smith 

Vice Pres.—Wilbur E. Edwards 


KANSAS 


Plastic Fabricating Co., Inc., Wichita 

Types of molding done and kinds of molds used: 
fibrous glass cloth, mat, 4 preform in matched 
metal, vacuum, and pressure bag 

Number of presses, platen area and daylight space 
of each press: 1—50 x 60 area, 60 in daylight, 
1—40 x 50, 36 in, daylight, 86 x 48, 36” 
daylight, 1—20 x 30, 18’ daylight 

Type of resins and reinforcements used: polyester, 
epoxy, silicone, fiberglass, sisal, asbestos 

Number and sizes of preformers: 1 48” 

Type of fabrication: custom 

Pres., Sls. Mgr.—Felix M. Farrell 

Vice Pres.—Joe H. Yeager 

Pur. Agt.—John W. Hickman 


Lamicell Engineering Co., Baxter Springs 

Types of molding done and kinds of molds used: 
matched metal, bag, hand-layup 

Number of presses, platen area and daylight space 
of each press: 3-24” platen x 24” stroke, 35” 
daylight; 1-40” x 44” x 61” daylight 150 ton; 
2-36” x 86” x 60” daylight 150 ton 

Type of resins and reinforcements used: polyester, 
epoxy, epoxy-polyamide, glass fibre, Dynel, 
nylon 

Number and sizes of preformers; 1-18” x 80” 
double, automatic 

Type of fabrication: tanks, general molding, pro- 
prietary, water ski 

Pres.—Bob Blake 

Vice Pres., Sls. Mgr.—E. Blanset 

Pur. Agt.—D. C. Dickerson 


MARYLAND 


Artmor Plastics Corp., Cumberland 


Types of molding and kinds of molds used: press 
molding, matched metal dies 

Number of presses, platen area, and daylight space 
of each press: 1-36” x 36”, 20” daylight; 3— 
24” x 30”, 20” daylight 

Types of resins and reinforcements used: polyester 
and acrylic resins; fiberglass, sisal, nylon, bur- 
lap, cotton, jersey reinforcements 

Number and sizes of preformers: die-cut blanks 
cut from mattings (until new plant with pre- 
forming equipment is ready) 

Type of fabrication: finishing and assembly; pro- 
totype sampling 

Pres.—A. C. Morgan 

Vice Pres.—S. Russ Minter 


Chance, W. R., & Associates, Waldorf 

Types of molding and kinds of molds used: hand 
layup, vacuum bag molding; polyester, epoxy, 
metal, etc. 

Size of flat laminate sheet: 4° x 8’. 

Types of resins and reinforcements used: poly- 
ester, epoxy; fiberglass mat, cloth, roving, etc., 
and sy si. tic Lon f. = 

Type of fabrication: structural—for marine air- 
craft, and commercial fields; generally large 
fabrications. 

Pres.—Walter R. Chance 

Vice Pres.—John R. Riggleman, Jr. 

Vice Pres. Sls.—Dan P. Hains 

Pur, Agt.—Allen R. Selig 











Maryland Plastics Inc., Federalsburg 

Types of molding done and kinds of molds used: 
low pressure molding of melamine-glass 

Type of resins and reinforcements used: melamine 
—fiberglass. 

Number and sizes ef preformers: 15. 

Personnel: see p. 1150 


MASSACHUSETTS 


Atkins & Merrill, Inc., S. Sudbury 

Types of molding and kinds of molds used: con- 
tact, low p » vacuum, flexible and rigid, 
male and female. 

Type of resins and reimforcements used: epoxy 
and polyester resins; glass reinforcements. 

Type of fabrication: vessels and housings, tools, 
dies, mock-ups, training aids, foundry patterns, 
flow models, ducts, jigs and fixtures, electronic 
components, aiseraft missile parts. 





Beetle, Carl N., Plastics Corp., Fall River 

Type of molding and kinds of molds used: hand 
layup, match metal, bag molding; plaster, wood, 
metal, and plastic molds. 

Number of presses, platen area, and daylight 
space of each press: 12 varying from 20” x 20” 
to 40” x 40” with 36” daylight average. 

Type of resins and reinforcements used: glass, 
sisal, asbestos; polyester, epoxy, isocyanate 


foams. 

Type of fabrication: tanks, stacks, ducting, ra- 
dome, chemical transporters, vents, hoods, hous- 
ings, dye trucks, tank linings. 

Pres.—Fred W. Howe, Jr. 

Vice Pres., Gen. Mgr.—Richard C. Bryan 

Vice Pres., Sls. Mgr.—William M. Milne 

Pur. Agt., Management Asst.—Howard C. Conlon 





Church, C. F., Div. American-Standard, 
Holyoke 


Types of molding and kinds of molds used: com- 
pression with matched metal, hand layup. 
Number of presses, platen area, and daylight 
space of each press: 1—48” x 48”, 48” day- 

light; 1-24” x 24”, 10’ daylight. 

Type of resins and reinforcements used: polyester, 
epoxy, phenolic; glass mat, eloth sisal, Orlon 
reinforcements. 


Number and sizes of preformers: 1—double 30”. 
Personnel: see p. 1150 


Commonwealth Plastics Corp., Leominster 


Type of molding and kinds of molds used: press 
and bag molding; matched metal molds, plas- 
tic tooling. 

Number of presses, platen area, and daylight 
space of each press: 1—24” x 24” heated platen, 
50 ton, 50” daylight; 1-8” x 8” heated platen, 
20 ton, 18” daylight. 

Size of flat laminate sheet: 2° x 2’ on press, 
6’ x 12’ on flat table. 

Type of resins and reinforcements used: glass, 
metal, paper, various fillers. 

Type of fabrication: electronic sub-assemblies such 


Clark Cutler & McDermott Co., Inc., 
Franklin 


Types of molding done and kinds of molds used: 

compression, flat design plate molds. 
ber of p . platen area and daylight 

space of each press: 1—2% daylight 40” x 60” 

10 open; 5—2%" daylight 42” x 42” 8 open. 

Size of flat laminate sheet made: 40” x 40” & 
38” x 58”. 

Types of resins and reinforcements used: vinyl 
resin, all types needle loomed fabrics reinforo- 
ing mat. 

Type of fabrication done: make vibration damp- 
ening pads and mounts, also vinyl coating on 
jute and other mat. 

Personnel: see p. 1150 


W. 
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Douglas Mfg. Corp., Peabody 

Types of molding done and kinds of molds used: 
hand layup, press molding in matched metal 
molds 

Number of presses, platen area and daylight space 
of each press: 1-20 x 24”, 12%” stroke, 20” 
daylight 

Size of flat laminate sheet: to 48” x 96” for 
corrosion resistant liners for vats 

Type of resins and reinforcements used: epoxy 
and polyester; glass, sisal, Dacron, etc., rein- 
forcements 

Type of fabrication: tanks, ducts, containers, air- 
craft, electronic and machine parts, and other 
industrial applications 


Emerson & Cuming, Inc., Canton 


Types of molding done and kinds of molds used: 
vacuum bag, wet layup, matched mold. 

Number of presses, platen area and daylight space 
of each press: 1-24” x 24” x 6”; 1—18” x 18” 
x 12”; 1-6” x 6 x 18”. 

Size of flat laminate sheet made: on special order. 

Type of resins and reinforcements used: polyester, 
epoxy, silicone, glass mat and cloth. 

Pres.—C. L. Emerson, Jr. 

Vice Pres.—W. R. Cuming 

Sls. Mgr.—E. W. Anderson 

Pur. Agt.—B. McSorley 


Formalite, Inc., Northbridge 
Size of flat laminate sheet: 4’ x 9’. 


Gulliksen, W. M., Mfg. Co., Wellesley 
Hills 


Types of molding done and kinds of molds used: 
electrical such as switch parts, housings, knobs; 


Jupiter Plastics, Inc., Pittsfield 

Types of molding done and kinds of molds used: 
hand layup. 

Type of resins and reinforcements used: polyester: 

Types of fabrication: drilling, punching, sawing, 
routing, shaping. 

Pres.—Daniel C. Hurlbut 

Vice Pres., Sls. Mgr.—Joseph Hines 

Pur. Agt., Treas.—Norman J. Shalett 


Plastronic Engineering Co., Marlborough 


Types of molding done and kinds of molds used: 
compression, steel and plastic. 

Number of presses, platen area and daylight space 
of each press: 1—30 ton 24” daylight 10 x 10. 

Types of resins and reinforcements used: epoxy, 

fibreglass. 


*Sandman, Eli, Co., Worcester 


Type of reinforcements and resins used: polyester, 
epoxy, phenolic, silicone, polyesters and vinyls 

Type of fabrication: impregnating 

Pres.—Eli Sandman 

Pur. Agt.—E. A. Riza 


Trimount Plastic Co., Inc., Arlington 


Number of presses, platen area and daylight space 
of each press: two 24” x 54” platens 21 day- 
light openings. 

Size of flat laminate sheet made: 24” x 54”. 

Type of resins and reinforcements used: epoxy 
glass. 

Pres.—Arthur S. Braverman 

Vice Pres.—Harry F. Sidman 

Sls. Mgr.—Edward Thorpe 


MICHIGAN 


Ameriplastic Co., The, Flint 

Types of molding and kinds of molds used: hand 
layup and matched metal; wood, plaster, rein. 
forced, and metal. 

Number of presses, platen area, and daylight 
space of each press: 2—platen area 4’ x 8, 
daylight space 10” and 82”. 

Type of resins and reinforcements used: polyester, 
epoxy and furane; glass. 

Personnel: see p. 1151 


Capac Industries, Inc., Capac 

Types of molding done and kinds of molds used: 
matched meta! molds 

Number of presses, platen area and daylight space 
of each press: see p. 1151 

Type of resins and reinforcements used: polyester 
and phenolics resins; sisal and glass reinforce 
ments 

Personnel: see p. 1151 


Darling, L. A., Co., Plastic Div., Coldwater 

Types of molding done and kinds of molds used: 
reinforced fibrous glass; hand layup. 

Pres.—Trowbridge H. Stanley 

Vice Pres.—E. C. Mathews 

Sis. Mgr.—Louis Blasi 

Pur. Agt.—Betty Russell 


Duralastic Products Co., Detroit 


compression 
Number of presses, platen area and daylight space 
of each press: up to 42 x 60, max. daylight 65” 
‘ype resins and reinforcements used: polyester 
resins, fibrous glass and sisal reinforcements, 
mat and premix compounds 
‘umber and sizes of preformers: 1—48” x 48” 
Pres.—L. A. Fi 
Asst. to the Pres.—C. L. Keller 
Sls. Mgr.—J. T. Galvin, R. C. Fontham, C. E. 
Feltner 
Pur. Agt.—G. Barber 


a 
gS 


z 







Harstil Industries Co., St. Clair Shores 
Types of molding done and kinds of molds used: 
hand layup and matched molding (steel and 
plastic molds used); rolled round and square 


Vice Pres.—A. A. Stilson 


Haskelite Mfg. Corp., Grand Rapids 

Size of flat laminate sheet: 48 x 144 

Continuous laminating: .018 & .032 glass 

Type of resins and reinforcements used: polyester 
resin 








Reynolds Plastics Inc., Walled Lake 

Type of resims and reinforcements used: epoxy 
and polyester. 

Type of fabrication: die duplication, fixture blanks. 

Personnel: see p. 1152 


Woodall Industries, Inc., Detroit 

Types of molding done and kinds of molds used: 
premix reinforced, thermosetting—cast steel, and 
aluminum. 

Number of presses, platen area and daylight 
space of each press: 28 presses daylight up to 
54”, platen area up to 48” x 72” 

Type of resins and reinforcements used: polyester 
resins; vegetable, glass, and synthetic fibres 

Type of fabrication: complete facilities, add any 
components 

Personnel: see p. 1152 


MINNESOTA 


Sperzel Co., Minneapolis 

Number and sizes of preformers: 1 

Type of fabrication: any assembly or deflashing 
operation 

Personnel: see p. 1152 


*Northwest Plastics Inc., St. Paul 


Types of molding done and kinds of molds used: 
compression, steel, hand layup, epoxy. 

Type of resins and reinforcements used: epoxy, 
polyester, glass 

Type of fabrication: largely hand layup 

Personnel: see p. 1152 


Valco Corp., Saint Paul 


Types of molding done and kinds of molds used: 
compression-vacuum bag-hand layup (contact 
molding ) 

Number of presses, platen area and daylight 
space of each press: 1-36” x 36”, 200 ton, 
48” daylight; 2-36” x 36”, 150 ton, 86” day- 
light; 1-24” x 72”, 250 ton, frame press 

Type of resins and reinforcements used: polyester, 
epoxy, phenolic, silicone alkyd, melamine, glass, 
cotton, asbestos, sisal 

Number and sizes of preformers: 
former 

Type of fabrication: All types of reinforced plas- 
tic fabrication including fiberglas tubing from 
1” to 24” dia., in length to 20’ 

Pres.—Willard M. Bollenbach 

Vice Pres.—William J. Houlittan 


1-36” pre- 


MISSOURI 
Hanley Plastics Company, St, Louis 


Types of molding done: hand lay-ups, matched 
metal die, etc.; steel, plaster, epoxy, etc. 

Presses: 1 compression press, 18” x 22” bed, 22 
ton, daylight 15”; mise. presses. 

Size of flat laminate sheet: Laboratory: 10” x 8” 

Type of resins and reinforcements used: fibrous 
glass reinforced polyester, fibrous glass rein- 
forced epoxy, and isocyanate foams 

Type of fabrication: product development and 
pilot runs by P iding, hand lay- 
ups, etc. 





Koller Craft Plastic Products, Inc., Fenton 
Number and sizes of preformers: 2-125 ton 
Pres., Sls. Mgr.—A. J. Koller 

Vice Pres.~M. C. Koller 

Pur. Agt.—R. Boehner 


* Indicates Advertiser 


Regal Plastic Co., Kansas City 

Types of molding done and kinds of molds used: 
matched metal die and low pressure bag steel 
mold and epoxy fiberglass mold 

Number of presses, platen area and daylight 
space of each press: 1-30” x 40” -110 ton- 
50” daylite, 1-40” x 50” -110 ton- 50” daylight 

Type of resins and reinforcements weed: polyester 


Glassoloid Corp. of America, Clifton 


Numb of p , platen’ area and daylight 
space of ‘each press: 9—up to 30” x 44’ and 
24’ x 52”. From 6 to 9 daylight space 


Modular Molding Corp., Burlington 


Types of molding done and kinds of molds used: 
tact layup, vacuum bag, matched die mold- 








and epoxy resins, and fiberglas 

senate usd caiag th aniaienes «Aa cle 
machine and drying oven 

Pres.—A. B. Ewing 

Vice Pres., Sls. Mgr.—J. S. Kivett 

Pur. Agt.—Paul Wilde 


NEBRASKA 


Kerrco Products, Lincoln 

Types of molding done and kinds of molds used: 
matched steel molds 

. platen area and daylight 

S—up to 35” x 46”, 26” 


W. 


} of p 
space of each press: 
daylight 

Type of resins and reinforcements used: polyes- 
ters, epoxy, glass and sisal 

Personnel: see p. 1152 


Omaha Plastics Co., Omaha 

Types of molding done and kinds of molds used: 
epoxy casting, aluminum molds 

Type of resins and reinforcements used: epoxy, 
fibrous glass cloths, mats, and Dacron 

Personnel: see p. 1152 





NEW HAMPSHIRE 


Hermsdorf Industries, Inc., Manchester 

Number of presses, platen area, and daylight space 
of each press: 1—4’ x 8’ 6 opening hydraulic 
press; 1—4’ x 8’ single opening hydraulic press 

Type of resins and reinforcements used: paper 
and diallyl phthalate 


Keller Products, Inc., Manchester 


Size of flat laminate sheet made: paper: 2’ x 8’; 
glass: 4° x 8’ 

Types of resins and reinforcements used: polyester 

Pres.—Robert R. Keller 

Vice Pres. Pur. Agt.—John C. Stanhope 

Sis. Mgr.—James Ellet 


NEW JERSEY 


Garrett Corp., the, Air Cruisers Div., Bel- 
mar 

Types of molding and kinds of molds used: 
vacuum bag, pressure bag, and matched metal 
die molding 

Number of presses, platen area, and daylight 
space of each press: 10 presses; plate size— 
up to 50” x 100”; daylight—up to 80” 

Size of flat laminate sheet: up to 48” x 96” 

Type of resin and reinforcements used: polyester, 
epoxy, polyethylene, and silicone 

Type of fabrication: b bly and plet 
fabrication 

Personnel: see p. 1153 


American Molded Fiberglass, Paterson 


Type of molding and kinds of molds used: Large 
hand layup tact g, » On re- 
inforced plastic molds 

Number of presses, platen area, and daylight 
space of each press: 2—6’ x 1’, 2’ daylight; 
1—2’ x 2’, 2’ daylight. 

Type of resins and reinforcements used: polyester 
and epoxy resin reinforced with glass, acrylic, 
and various fibers 

Type of fabrication: t Idi 
x. large parts, complex and difficult moldings 

» Sis. Mgr., Pur. Agt.—S. Quentzel 
oy " Pres.—H. Quentzel 




















ialize 





ing; plastic, wood, aluminum, steel 

Size of flat laminate sheet: up to 48” width x up 
to 144” length 

Laminating: up to 48” width, 1/16", 3/32”, 1/8” 
thick, fiberglass mat and cloth, paper honey- 
comb 

Type of resins and reinforcements used: poly- 
esters epoxy, urethane, phemolic resins; fiber- 
glass mat, and cloth, asbestos, molding com- 
pounds 

Type of fabrication done: pattern work fabrica- 
tion, modular sandwich structures 


Pitman Plastic Products, Inc., Pitman 


Types of molding done and kinds of molds used: 
vacuum, reinforced sprayed metal 

Pres.—Emerich E. Lesch 

Sls. Mgr.—Emerich E. Lesch 


Plastic Inlays, Inc., Summit 


Type of fabrication: asserably 
Personnel: see p. 1154 


Plastic Laminating Corp., Vaux Hall 


Number of presses, platem area and daylight 
space of each press: 2—8 opening 300 ton 
capacity steam presses 24 x 26, 1—8 opening 
500 ton capacity steam presses 36 x 48, 1-8 
opening 500 ton capacity steara presses 24 x 54 

Size of flat laminate sheet made, if any: 36 x 48— 
24 x 54-24 x 26 

Type of fabrication: thermoplastic laminating, 
embedding, press polishing, plaques, cards and 
badges, advertising signs 

Pres., Sls. Mgr.—Joseph DiBella 

Vice Pres.—Vincent T. Coomey 

Pur. Agt.—Terry Kane 


Spiral-Glas Pipe Co., New Brunswick 


Width and thickness of Iamimate: fiber glass re- 
inforced composite thermoplastic and thermoset 
pipe and tubing 

Type of resins and reinforcememts used: fiber- 
glass, PVC, DAP polyester, epoxy, paragril and 
acrylonitrile rubber 

Type of fabrication: continueus ceatact lamination 

Pres.—Carl de Ganahl 

Sls. Mgr.—C. Brice de Ganahl 

Pur. Agt.—Amy MacKenzie 


Winner Mfg. Co., Inc., Trenton 


Types of molding done and kinds of molds used: 
matched die, positive pressure bag, vacuum 
bag, hand layup, on all types molds 

Number of presses, platen area and daylight 
space of each press: 11 presses, platen area 
ranging from 60” x 66” to 12” x 12”; daylight 
space from 77 7/8” to 30” 

Size of flat laminate sheet made: 25 3/8” x 36”; 
86%” x 36%”; 33%” x 36%”; 33 5/8” x 
89 7/8” 

Type of resins and reinforcements used: glass, 
vegetable fibers, mineral fibers, polyester, epoxy 

Number and sizes of preformers: one 48” 

Type of fabrication: assembly, bonding, piercing, 
drilling, machining 

Pres.—I. M. Scott 

Vice Pres., Sls. Mgr.—H. L. Darby 

Pur. Agt.—D. A. White 


NEW YORK 


Aacon Industries, Inc.. Brooklyn 

Type of fabrication: all rigid sheeting cut, bent, 
formed, and fabricated; vacuum forming and 
hydraulic on heavy sheeting 

Personnel: see p. 1155 





Atlas Plastics, Inc., Buffalo 


Types of molding and kinds of molds used: 
contact, vacuum bag, matched die molding; 
plaster, wood, fiberglas, and metal molds 

Number of presses, platen area, and daylight 
space of each press: 6—24 x 24 

Size of flat laminate sheet: 18 x 18 

Type of resin and reinforcements used: polyester 
and epoxy resins; fberglas mat 


Bo-Mer Mfg. Co., Inc., Auburn 


Types of molding done and kinds of molds used: 
steel molds, compression 

Number of presses, platen area and daylight space: 
3—10” x 10” x 6”; 1-24” x 24” x 8”; 1-30" x 
30” x 8” 

Type of resin and reinforcements used: phenolic, 
epoxy, polyester, melamine; cotton, glass mat, 
glass fabric, eto. 


Bricmar Mfg. Corp., New York 


Type of fabrication: acrylic 
Personnel: see p. 1155 


Du Verre, Inc., Buffalo 


Types of molding done and kinds of molds used: 
contact molding on sheetmetal, wood, and 
plaster molds 

Size of flat laminate sheet made: Max. 60” x 120” 

Type of resins and reinforcements used: poly- 
esters, fiberglass 

Type of fabrication done: 
fans for corrosion service 


tanks, duct, hoods, 


Fairchild Guided Missiles Div., Fairchild 
Engine & Airplane Corp., Wyandanch 


Types of molding done: vacuum bag, autoclave, 
matched die, mandrel winding, and premix 
Presses: 7 presses—maximum size 84” x 48” x 56” 
daylight, 250 tons with heated platens 

Size of flat laminate sheet: up to 48” x 84” 

Type of resins and reinforcements used: polyester, 
epoxy, and phenolic resins with glass fabrics, 
mats rovings, and chopped fibers. 

Type of fabrication: missile and aircraft structural 
components, containers, and pressure vessels. 

Gen. Mgr.—E. A. Speakman 

Pur. Agt.—G. J. Ryan 

Mgr. Plastics—C. R. Lemonier 


Glasply Corp., Mount Vernon 


Types of molding done and kinds of molds used: 
hand layup, bag, and press 

Number of presses, platen area and daylight space 
of each press: 1-18 x 18 24” daylight 

Size of flat laminate sheet made: 5’ x 12’ 

Type of resins and reinforcements used: polyester, 
epoxy, silicone, fibrous glass, asbestos 

Type of fabrication: tubing, straight and tapered, 
radomes, instrument cases, structural shapes 

Pres., Sls. Mgr., Pur. Agt.—Frank A. Lambert 


Herblin Corp., Glen Cove 


Types of molding done: hand lay-up, vacuum 
bag, press fiber glass, epoxy, aluminum 

Presses: 6—24 x 36, 48 daylight 

Type of resins and reinforcements used: epoxy 
polyester, glass, orlon, dacron, sisal 

Type of fabrication: protypes-production runs ra- 
domes, boats, etc.; specialize in large items. 

Pres., Pur. Agt.—G. B. Herblin 

Vice Pres.—C. V. Herblin 

Sls. Mgr.—W. L. Herblin 


* Indicates Advertiser 


1172 


Lunn Laminates, Inc., Huntington Station, 
L. L 


Types of molding done and kinds of molds used: 

w bag, tact and press molding—epoxy 

and polyester, steel, plaster, mated steel and 
aluminum dies 

Number of presses, platen area and daylight 
space of each press: 1—66” daylt 20” x 43”, 
2—48”" daylt 24” x 35%”, 3-46” daylt 17” 
x 13”, 4-29” daylt 42%” x 18”, 5-80” daylt 
42” x 36”, 6—62” daylt 32” x 26” 

Type of resins and reinforcements used: polyester 
and epoxy resins—glass, fiberglas mat, cloth and 
rovings reinforcement 

Number and sizes of preformers: 1—36” 

Type of fabrication done: fiberglas reinforced 
plastics 

Personnel: see p. 1156 





Mica Insulator Div. of Minnesota Mining 
& Mfg. Co., Schenectady 


Types of molding done and kinds of molds used: 

tched metal molds 

Number of presses, platen area and daylight 
space of each press: 24” x 24”, 13” daylt (2), 
5—36” x 42”, 3-18” x 42” 

Size of flat laminate sheet: 36” x 42” 

Type of resins and reinforcements used: phe- 
nolic, melamine, epoxy resins, paper, cloth, 
and glass 

Type of fabrication: 
tubes 





compression: 


all types on sheets, rods, 


Plastic Service Corp., New York 


Type of fabrication: cutting, 
cementing, sanding, finishing 
Personnel: see p. 000 


vacuum forming, 


Plasti Skill Co., Corona 


Type of fabrication: hand layup 
Pres., Pur. Agt.—Nick George 


Printon Corp., New York 

Width and thickness of laminate: up to 56” wide 
and up to .05” in thickness 

Types of resins and reinforcements used: thermo- 
plastic resins, films, fabrics, vinyl, paper, foil, 
etc. 

Number and sizes of preformers: 
to 56” 

Type of fabrication: printing, decoration lamina- 
tion, impregnation, heat-seal coating, etc. 

Pres.—Dr. Maro Goland 

Vice Pres.—Lew B. Goland 


8—from 20” 


Riverside Plastics Corp., Hicksville 

Type of molding done and kinds of molds used: 
press molding, bag molding, vacuum injection 
autoclave, matched molds, plunger molds 

Number of presses, platen area and daylight 
space of each press: 8 Hydraulic—25-600 tons, 
20” x 44” to 23” x 96” platen size, 48” to 24” 
daylight 21; Air- 1 ton -11 tons, 14” x 17” to 
24” x 48” platen size, 19” to 56” daylight 

Size of flat laminate sheet made: up to 38” x 108” 

Types of resins and reinforcements used: poly- 
ester, epoxy, phenolic, silicone resins—glass mat, 
glass preform, nylon, Orlon, Dacron 

Number and sizes of preformers: 1 preform 36” 
wide, 6’ long, screen size; 1 Lannly preform 
oven—automatic 

Type of fabrication: machining and assembly 

Pres.—Harry C. Tomford 

Vice Pres.—Frank J. Nussbaum 

Sls. Mgr.—George E. Decker 

Pur. Agt.—C. Hiller 


Russell Reinforced Plastics Corp., Linden- 
hurst 

Types of molding done and kinds of molds used: 
airfoil and varying shapes in continuous woven 
reinforcement and Iding pound, mated 
metal dies, vacuum bag and contact laminating 





Number of presses, platen area and daylight 
space of each press: 42 presses ranging in size 
up to 4’ x 9 platen area, pressure up to | (00 
ton, stroke to 48”, daylight to 120” 

Size of flat laminate sheet made: up to 4’ x 10’ 

Type of resins and reinforcements used: polyester, 
epoxy, silicone, and phenolic resins, glass and 
synthetic fiber cloth and mat reinforcements 

Type of fabrication: machining, bonding, rivet- 
ing, and assembly of parts and hardware to 
produce finished products, e.g., doors, radomes, 
fairings, containers 

Pres.—Alfred W. Russell 

Exec. Vice Pres., Treas., Sls. Mgr.—Exnest ( 
Schultz 

Pur. Agt.—Fred C. Turner 


St. Regis Paper Co., Panelyte Div., New 
York 


Type of molding done and kinds of molds used: 
premix molding 
Personnel: see p. 1165 


Silicone Insulation, Inc., Bronx 


Types of molding done and kinds of molds wed: 
matched metal, vacuum bag, wet lay-up 

Number of presses, platen area and daylight space 
of each press: 20 presses 72” x 36” 

Type of resins and reinforcements used: silicone, 
polyester, epoxy, melamine, phenolic; clot 
mat, roving 

Type of fabrication: complete range for electron 
electrical, aircraft, and missile applications 


Schori Process Div., Ferro-co Corp., Long 
Island City 

Types of molding done and kinds of molds used 
contact wood, plaster, metal reinforced poly- 
ester 

Size of flat laminate sheet made: any size up to 
50” x 152” thickness from 1/32” to %” 

Type of resins and reinforcements used: polyester 
and epoxy resins, all kinds of reinforcements 
but mainly glass 

Types of fabrication: make equipment for chem- 
ical processing, tanks, ducts, exhausts, crocks, 
hoops, etc. 

Pres.—K. Carroad 

Vice Pres.—G. Carroad 

Sls. Mgr., Dir. of Research—G. Goldberg 

Pur. Agt., Plant Mgr.—M. Gurdin 


Syracuse Ornamental Co., Inc., Syracuse 
Types of molding done and kinds of molds used: 
pressi tched metal mold 
Number of presses, platen area and daylight 
space of each press: 1—38” x 54”, 12” daylite; 
4—30” x 39”, 12” daylite; 6-26" x 36”, 12” 





daylite 
Types of resins and reinforcements used: poly- 
ester, glass 
Number and sizes of preformers: 1—3’ dia. 
Personnel: see p. 1156 


NORTH CAROLINA 


Dockery Mfg. Co., Inc., Rockingham 

Types of molding done and kinds of molds used: 
low pressure molding of fiberglass reinforced, 
translucent sheets (all corrugations and step 
laps ) 

Number of presses, platen area and daylight space 
of each press: 1-52” x 102” 

Size of flat laminate sheet made, if #"Y: 
86” x 144” 

Type of resins and reinforcements used 
polyester and acrylic-polyesters 

Type of fabrication done: automatic shaping of 
compreg laminated wood into customers’ p'0d- 
ucts such as textile items and knife handles 

Personnel: see p. 1157 


glass 





OHIO 


\ckerman Plastic Molding Div., Consoli- 
“Gated Iron-Steel Mfg. Co., Cleveland 

Types of molding and kinds of molds used: 
thermosetting plunger 

Personnel: see p. 1157 


Apex Reinforced Plastics Div., White Sew- 
ing Machine Corp., Cleveland 

Types of molding done and kinds of molds used: 
mat molding and preform molding; steam 
heated and platen heated molds 

Number of presses, platen area, and daylight space 
f each press: 8-36 x 42 platen area, 80” day- 
light; 1-86 x $6, 48” daylight; 1—4’ x 12’, 
18” daylight 

Type of resins and reinforcements used: epoxy 
ind polyester resins; glass, sisal reinforcements 

Number and sizes of preformers: 6-28” turn 
table, 2-36" turn table 

Type of fabrication: Centrifugal castings, filament 
windings, matched metal molding 

Vice Pres.—W. S. Johnson 

Sls. Mgr.—W. W. Patterson 

Pur. Agt.—John Clyne 


Armored Plastics Co., Div. of Globe Wer- 
nicke Industries, Inc., Toledo 


Types of molding and kinds of molds used: mat 
and preformed molded parts in matched metal 
molds 

Number of presses, platen area, and daylight space 
f each press: 1—60" x 84”, 84” daylight; 
2-60” x 42”, 84” daylight 

[Types of resins and reinforcements used: polyester 
resins and glass fibers 

Number and sizes of preformers: 2—4'; 1—36”; 
1—28” 

Type of fabrication: blanking, piercing, molding, 
and assembly 

Pres.—William D. Hahn 

Vice Pres.—Joseph F. Howard 

Mgr. Plastic Div.—Robert 8. Beverlin 

Secy.-W. H. Patterson 

Pur. Agt.—Walter J. Todd 


Cincinnati Development & Mfg. Co., Cin- 
cinnati 

Types of molding and kinds of molds used: com- 
pression molding; matched metal molds 

Number of presses, platen area, and daylight space 
of each press: 1-10 ton; 1—30 ton; 1—50 ton 

Size of flat laminate sheet: 24” x 38”; 10” x 36” 

Type of resins and reinforcements used: polyester 
resin; fiberglas reinforcement 

Type of fabrication: premix molding; machining, 
stamping, sawing, shearing, etc. 


C. T. L., Ine., Cincinnati Testing & Re- 
search Laboratories, Cincinnati 

lypes of molding and kinds of molds used: air- 
raft, rocket, and missile parts; vacuum bag to 
matched tool 
nber of presses, platen area, and daylight space 
f each press: 12—75 ton to 600 ton, 12” x 12” 
to 24%’ x 8’ platen area 
pe of resins and reinforcements used: phenolic, 
epoxy, silicone, polyester resins; glass, asbestos, 

, reinforcements 

pe of fabrication: chiefly aircraft and allied, in 
eat resistant and high mechanical strength 


ireas 


Columbus Molded Products Corp., Colum- 
us 

lypes of molding and kinds of molds used: mold- 
ng compounds and preform from matched 
metal and epoxy tooling 


* Indicates Advertiser 


Number of presses, platen area, and daylight space 
of each press: 1—38 ton, daylight 15”, stroke 
15”, platen area 20” x 20”; 1—50 ton, daylight 
84”, stroke 63”, platen area 36” x 36” 

Size of flat laminate sheet: 36” x 36” 


Francis Industries, Pataskala . 


‘Types of molding done and kinds of molds used: 


press, wet lay-up, premix extrusion 

Number of presses, platen area and daylight space 
of each press: 6 presses to 50 tons, special 
design 

Type of resins and reinforcements used: epoxy, 
polyester, alkyd, glass roving, nylon 

Pres., Sls. Mgr.—R. J. Francis 

Vice Pres., Pur. Agt.—C. A. Francis 


General Industries Co., The, Plastics Div., 
Elyria 

Types of molding done: 
transfer 

Presses: 126 

Type of resins and reinforcements used: polyester 
reinforced (pre-mix); also compound own pre- 
mix material 

Personnel: see p. 1157 


ion and plung 





Glastic Corp., Cleveland 

Types of molding done: flat sheet and pre-mix 
Presses: 12 

Size of flat laminates sheet: 36 x 72” 


Type of resins and reinforcements used: polyester, 
fibrous glass 


Goodyear Aircraft Corp., Akron 

Types of molding done and kinds of molds used: 
vacuum bag, matched dies, autoclave using 
plastic, plaster, wood and metal dies 

Number of presses, platen area and daylight space 
of each press: 18 presses up to 179” x 95”, 
platen up to 144” daylight 

Size of flat laminate sheet made: 38” x 96” 

Type of resins and reinforcements used: polyester, 
epoxy, phenolic, silicone, glass and synthetic 
fibers, mats, rovings, preforms 

Number and sizes of preformers: 1—28", 1-72”, 
1—120” 

Type of fabrication done: foam and honeycomb 
sandwich, void-free laminates, custom design 
and proprietary ial laminat 

Pres.—T. A. Knowles 

Vice Pres.—R. W. Richardson 

Sls. Mgr.—M. B. Jobe 

Pur. Agt.—H. A. Delaney 





Heil Process Equipment Corp., Cleveland 

Types of molding done and kinds of molds used: 
hand lay-up 

Size of flat laminate sheet made: 48” x 96” 

Type of resins and reinforcements used: polyesters 
and epoxy resins; fiber glass reinforced 

Type of fabrication: corrosion proof ventilation 
equipment 

Pres.—Carl Heil 

Vice Pres.—-Edwin Vereeke 

Sls. Mgr.—Kenneth C. Norton 

Pur. Agt.—George King 


Molded Fiber Glass Co., Ashtabula 


Types of molding done and kinds of molds used: 
matched metal die custom molding of fiber- 
glass reinforced plastic for all fields except 
transportation and material handling 

Number of presses, platen area and daylight space 
of each press: 2—54” x 50” x 80”, 3-42” x 
48” x 80”, 5—32” x 36” x 42”, 7-30” x 30” x 
60”, 2-24” x 30” x 30”, 1-20” x 20” x 80” 

Type of resins and reinforcements used: fiberglass 
and polyester resins 


Number and sizes of preformers: 2—52” dia. 
tables, 2—36” dia. tables, 2—30” dia. tables 

Pres.—Robert S. Morrison 

Vice Pres., Engineering—Paul E. Sanford 

Sis. Mgr.—Wayne Brooks 

Treas., Off. Mgr.—J. G. Trimble 

Dir. of Devel.—John Kaufman 

Mgr. of Manufact.—Chester Ward 


Molded Fiber Glass Body Co., Ashtabula 


Types of molding done and kinds of molds used: 
matched metal die molding for the transporta- 
tion industry 

Number of presses, platen area and daylight space 
of each press: 1-84” x 144” x 80", 2-96" x 
96” x 80”, 1—60” x 100” x 80”, 3-61” x 50” x 
80”, 10—54” x 50” x 80”, 6—42” x 48” x 80”, 
5—24” x 30” x 30”, 8-20” x 30” x 30”, l- 
96” x 120” x 120” 

Type of resins and reinforcements used: polyester 
resins and fiberglass reinforcements 

Number and sizes of preformers: 1-120” dia. 
table, 1—150” dia. table, 2—100” dia. table, 
3—52” dia. table, 3-36” dia. table, 1-26” 
dia. table 

Pres.—Robert S. Morrison 

Vice Pres., Manufact.—R. L. Wiese 

Vice Pres., Eng.—Morgan Martin 

Production Mgr.—Duane C. Seari 

Sls. Mgr.—Lorin L. Palmer 

Off. Mgr.—William H. Miles 

Treas.—Mary A. Domizi ( Mrs.) 


Molded Fiber Glass Sheet Co., Ashtabula 


Types of molding done and kinds of molds used: 
matched metal die molding of fiberglass rein- 
forced polyester flat sheet 

Number of presses, platen area and daylight space 
of each press: 1—60” x 100” «x 42”, 2—40” x 
76” x 42”, 1—42” x 48” x 42” 

Size of flat laminate sheet: max. size 56” x 96” 

Type of resins and reinforcements: fiberglass and 
polyester resin 

Type of fabrication: honeycomb panels made with 
Molded Fiber Glass surfacings end punched 
parts from Molded Fiber Glass flat sheet 

Pres.—Herbert Gordon 

Vice Pres.—Robert S. Morrisoa 

Sls. Mgr.—Robert Gilbert 

Prod. Mgr.—Charles Parks 


Plastic Products Corp., Bedford Hts. 

Types of molding done and kinds of molds used: 
matched metal 

Number of presses, platen area and daylight space 
of each press: 6 molding presses 25, 50, and 
100 tons, Platen area from 25” x 25” to 
50” x 50” 

Type of resins and reinforcements used: polyester 
resin—fiber glass reinforcement 

Number and sizes of preformers: $3 preformers— 
3’, and 4’ Brenner and 54” Open type Erie 
Machine 

Pres.—S. B. Knight 

Vice Pres.—E. P. Schneider 

Sls. Mgr.—A. B. Robinson, Vice Pres. for Sales 

Pur. Agent—S. B. Knight 


Shellmar-Betner Div., 
Co., Inc., Mt. Vernon 


Types of molding done and kinds of molds used: 
Continuous low p 8S lines, d tive 
and industrial 

Size of flat laminate sheet made: 48” wide ( max.) 
continuous length 

Width and thickness of laminate: Paper, glass 
and cloth. 48” width max. 0.125” max. thickness 

Type of resins and reinforcements used: polyester 
resin, glass film, glass mat, paper, natural and 
synthetic fibre fabrics 

Type of fabrication: Slitting only 


Continental Can 





Structurlite Plastics Corporation, Hebron 
Types of molding done and kinds of molds used: 
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glass reinforced plastics, preforms, premix and 


silicone. 


Number of presses, platen area and daylight space 
of each press: 16 presses: ranging from 25 to 
500 tons cap. with platen areas from 2’ up to 


& x 6. Daylight space from 24” to 94” 


Type of resins and reinforcements used: polyester 


and silicone resins. Glass roving and mat 


Number of sizes of preformers: 1-24” automatic, 
1—30” automatic, 1—6” dia. turntable and 


4—30” dia. turntable 


Type of fabrication: punching, cementing and 


assembly 
Pres.—Charles D. Jones 
Sls. Mgr., Treas.—Robert E. Griffith 
Pur. Agt.—L. R. Rose 


*Swedlow Plastics Co., Youngstown 


Types of molding: bag molding, matched male 


and female. 
Size of flat laminate sheet: 4’ x 8’ 


Continuous laminating: 48”, paper, glass, cloth, 


synthetics 


PENNSYLVANIA 


American Insulator Corp., New Freedom 
Types of molding done: press molding, vacuum 


pre-mix molding 
matched metal, single member metal, wood, 


bag molding, hand lay-up, 


plastic molds 
Presses: 1—40 ton 48” x 72” platen, 72” 


, 72” daylight, 
1—80 ton 48” x 78” platen, 72” daylight, 1— 
100 ton 48” x 48” platen, 108” daylight, 1— 


Turner preformer 


Size of flat laminate sheet made; 36” x 52” in 


thickness %” to %” 


Types of resin used: polyester, epoxy, fiberglass 


chopped strands, roving, mat, 
sisal chopped fibers 


Number and size of preformers: 
former 


woven cloths, 
1 Turner pre- 


Type of fabrication done: sawing, routing, grind- 
ing, drilling, riveted, and bonded assemblies, 
silk screening and spray painting 

Personnel: see p. 1158 


Consolidated Molded Products 


Corp. 
Scranton : 


Types of molding: reinforced glass fiber, steel 
and aluminum matched metal molds 

Presses: 8 low pressure presses up to 200 tons; 
up to 60” x 84” platen; 84” daylight 

Personnel: see p. 1159 


Curry Arts Molding & Laminating Co., 
Scranton 


Types of molding done and kinds of molds used: 
compression molding 

Number of presses, platen area and daylight space 
of each press: 1-36 x 36 18” daylight 

Size of flat laminate sheet made, if any: 20” x 26” 

Type of resins and reinforcements used: Acrylic 
resins 

Personnel: see p. 1159 


Hays Manufacturing Co., Erie 


Size of flat laminate sheet made: 48 x 96 

Type of resins and reinforcements used: polyester, 
glass fibre 

Personnel: see p. 1159 


Kreier, George J. & Son, Philadelphia 

Types of molding done and kinds of molds used: 
prototype matched die and low production 
contact pressure molding from metal, plastics, 
and composite molds 

Number of presses, platen area and daylight space 
of each press: 1-18” x 24” with 24” daylight 

Size of flat laminate sheet made: color pattern 
fiberglass laminates to order, size as required 

Type of resins and reinforcements used: polyester, 





%* Indicates Advertiser 
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acrylic polyester, epoxy with wide variety of 


filler and glass reinforcement systems 


Type of fabrication: architectural and industrial 


components, prototype parts 
Pres.—Dr. George Kreier, Jr. 


McClarin Plastics, New Oxford 


Type of resins and reinforcements used: polyester, 


epoxy, glass fiber 


Type of fabrication: glass fiber boat tops, parts, 


housings, industrial products 
Pres., Pur. Agt.—C. G. McClarin 
Vice Pres., Sls. Mgr.—R. G. Meckley 


Mechtronics Co., Philadelphia 


Types of molding done and kinds of molds used: 
hand layup, vacuum bag, Rand gun 


Type of resins and reinforcements used: polyester, 


glass, chiefly 
Pres.—Semond Levitt 
Sls. Mgr.—Al Greenspan 


Molded Fiber Glass Tray Co., Linesville 


Types of molding done and kinds of molds used: 
compression molding, all steel molds 

Number of presses, platen area and daylight space 
of each press: 10—50 ton 32” x 36” platen, 
24” daylight; 4—20 ton 20” x 20” platen, 24” 
daylight 

Type of resins and reinforcements used: polyester 
resin; wire, fiberglass, sisal reinforcements 

Number and sizes preformers: 1-20 H.P. flocking 
preformer with gas fired oven 

Type of fabrication: punching, extruding, riveting, 
eyeleting 

Pres., Pur. Agt.—A. W. Levenhagen 

Vice Pres., Sls. Mgr.—J. W. Moore 


Pelmor Laboratories, Inc., Newton 

Types of molding done and kinds of molds used: 
compression—transfer 

Personnel: see p. 1159 


*Perry Plastics, Inc., Erie 

Types of molding done and kinds of molds used: 
mat and premix, steel and aluminum molds 

Number of presses, platen area and daylight space 
of each press: 1-36” x 24” x 24”; 1-24" x 
20” x 20”; 1—48” x 48” x 30” 

Size of flat laminate sheet made: 48” x 48” 

Type of resins and reinforcements used: polyester, 
phenolic 

Number and sizes of preformers: continuous pre- 
mix equipment 

Type of fabrication: hand lay-up, assembly and 
finishing 

Personnel: see p. 1159 


*Raybestos-Manhattan, Inc., Manheim 


Types of molding done and kinds of molds used: 
compression, transfer, etc. 

Number of presses, platen area and daylight space 
of each press: variety from 6” x 6” to 4’ x 4’ 
and 4’ daylight 

Size of flat laminate sheet made: 40” x 40”, 
82” x 72”, etc. 

Type of resins and reinforcements used: asbestos 
and glass with phenolic, silicone, polyester, 
and epoxy 

Type of fabrication: flat and complex 

Personnel: see p. 1159 


Specht Plastics, Inc., Somerset 


Type of molding done and kinds of molds used: 
Low pressure laminated sheet using matched 
metal dies. Fiberglass preform and pre-mix 
matched metal dies 

Number of presses, platen area and daylight space 
of each press: 1-36” x 60”, 84” daylight, 100 
ton, 1-48” x 72”. 84” daylight, 150 ton, 
2-50 ton 24” x 24”, 1—150 ton flat sheet 
press 

Size of flat laminate sheet made: 24” x 24”, 
24” x 36”, 36” x 48” 


Type of resins and reinforcements used: polyester, 


silicone, and epoxy resin, fiberglass roving and 
mat 


Number and sizes of preformers: 2—36”", 1~49” 

Type of fabrication: punching, cementing, ang 
assembly 

Personnel: see p. 1159 


Squires Plastics, Inc., Verona 

Types of molding done and kinds of molds used; 
compression and transfer, steel and beryllium 
copper 

Number of presses, platen area and daylight space 
of each press: 3-18” x 24”, daylight 24” |- 
24” x 30”, daylight 30”, 1-30” x 36”, day- 
light 36” 

Type of resins and reinforcements used: phenolic, 
polyester, urea, melamine, silicone, woodfiour, 
asbestos, rag nylon, fiberglass 

Number and sizes of preformers: three, 10 to 
50 ton 

Personnel: see p. 1159 


Strick Plastics, Perkasie 


Types of molding done and kinds of molds used 
press molding 

Size of flat laminate sheet made: 4’ x 8’ 

Gen. Mgr.—H. Weinstein 


Synthane Corp., Oaks 

Types of molding done: compression 

Presses: Over 50 of many sizes and types 

Size of flat laminate sheet: .005” to 8” thick, 36” 
x 36, 72” x 36”, 96” x 24” 

Types of resins and reinforcements used: phenolics, 
melamine, epon-silicone, dap cellulose paper 
and fabric-glass, fabric glass mat, cotton mat, 
asbestos paper and fabric, orlon, nylon fabrics 

Number and sizes of preformers: 2 

Type of fabrication: facilities for complete fabri- 
cation service 

Personnel: see p. 1165 


Vulcanized Rubber and Plastics Company, 
Morrisville 

Types of molding done and kind of molds used: 
premix compounds, reinforced fibre, glass poly- 
ester resins, compression molds 

Number of presses, platen area and daylight space 
of each press: 105 presses ranging from 42” x 
48” to 15” x 15” 
Personnel: see p. 1160 


Washington Plastics Co., Sharon 


Number of presses, platen area and daylight space 
of each press: 2—18 x 24 

Width and thickness of laminate; paper and wood 

Pres., Sls. Mgr.—Harry Northover 

Vice Pres.—Paul C. Richley, Sr. 

Pur. Agt.—Paul M. Rizor 


RHODE ISLAND 


American Boatbuilding Corp., E. Green- 
wich 


Types of molding done and kinds of molds used: 
hand layup with fiberglas molds 

Type of resins and reinforcements used: polyester 
and epoxy resins with fiberglas cloth, mat, # 
woven roving 

Type of fabrication: mold FRP boats and in- 
dustrial products with particular reference t 
chemical tanks, trucks, exhaust systems, and 
ducts 

Pres.—H. B. Clark 

Vice Pres.—Breckenridge Marshall 

Sls. Mgr.—Osmond Baxter 

Pur. Agt.—S. M. Gardner 


SOUTH CAROLINA 
Westinghouse Micarta Div., Hampton 
Type of molding done and kinds of molds used: 


compression, matched metal molds, preform 
molding compound 





























Number of presses, platen area and daylight space 
of each press: 1-56 x 106 x 86, 500 tons; 
1—36 x 18 x 30, 100 tons; 10— 24 x 18 x 30 
100 tons 

Size of flat laminate sheet made: 36 x 72 1/16” 
to 5/8”; 48 x 96 1/16” to 1/8” 

Type of resins and reinforcements: polyester, 
epoxy, melamine, phenolic, silicone, glass or 
asbestos 

Number and size of preformers: 
capacity 

Type of fabrication: sand, drill, lathe, mill, route, 
grind, saw 

Personnel: see p. 1160 


TENNESSEE 


National Plastics, Inc., Knoxville 

Types of molding done and kinds of molds used: 
matched molds 

Number of presses, platen area and daylight space 
of each press: 2—24” x 24”, daylight 24”; 
2-25” x 26”, daylight 36”; 2—31” x 26” day- 
light 47” 

Type of resins and reinforcements used: preim- 
pregnated glass mat and other fibers, glass 
alkyd, glass phenol, glass urea, etc. 

Type of fabrication: proprietary and custom, 
textile mach, parts; appliance, radio, TV, 
electrical, etc. 


1-15 sq. ft. 


TEXAS 


Lone Star Boat Co., Grand Prairie 
Types of molding done and kinds of molds used: 
boats, hand layup, in molds 


Lone Star Plastics Co., Inc., Fort Worth 

Types of molding done and kinds of molds used: 
high and low pressure matched die molding, 
bag molding, contact layup; all types molds 
used 

Number of presses, platen area and daylight space 
of each press: 1-30” x 48” x 18”; 1-12” x 
18” x 18”; 1—40” x 60’ x 14”; 1-12” x 15” x 
18”; 1-24” x 24” x 20” 


Size of flat laminate sheet made: 48” x 144” 

Type of resins and reinforcements used: polyester, 
epoxy, silicone, silastic resins; fiberglass rein- 
forcements 

Type of fabrication: all types low pressure bag 
or contact molding with wet lay-up or pre- 
impregnated materials. Specialize in industrial 
applications 

Personnel: see p. 1160 


Southwestern Plastics, Inc., Houston 

Types of molding done and kinds of molds used: 
specialized parts 

Type of resins and reinforcements used; polyester 
and fibreglass 

Pres.—Dan E. Bloxsom 

Vice Pres.—J. F. Niccolls 

Pur. Agt.—Joseph Bloxsom 


VERMONT 


Newport Plastics Corp., Newport 

Types of molding done and kinds of molds used: 
low pressure with special collapsible molds of 
metal, plastic, etc. 

Number of presses, platen area and daylight space 
of each press: 17—special designed presses; 
1—16 x 16 vacuum forming press 

Type of resins and reinforcements used: polyester, 
epoxies, polyurethane 

Pres.—J. R. Audet 

Sls. Mgr.—Paul Beandru, Lloyd Douglas 


VIRGINIA 


Universal Moulded Prod. Cerp., Bristol 

Types of molding done and kinds of molds used: 
vacuum bag, autoclave, contact, high pressure; 
matched metal 

Number of presses, platen area and daylight space 
of each press: 5—125 ton, 38” x 33”, 60” day- 
light; 1—80 ton, 60” x 60”, 72” daylight; 1— 
1500 ton, 70” x 46”, 32” daylight 


Size of flat laminate sheet made: to order 


Number and sizes of preformers: 
size 70 

Types of fabrication: custom and production— 
boats, jatos, radomes, trailer parts, reflectors, 
pontoons, mine cases, structural tubing to 60” 
dia. 

Pres.—T. H. McKoy, Jr. 


WASHINGTON 


Rainier Plywood Co., Tacoma 

Number of presses, platen area and daylight space 
of each press: 2 presses, 24 platens, 3” day- 
light 

Size of flat laminate sheet made: 4’ x 8’ 

Type of resins and reinforcements used: phenolics 

Type of fabrication: sheet 

Pres.—George F, Baum 


1 size 36; 1 


Everlite Corporation, Seattle 


Types of molding done and kinds of molds used: 
reinforced polyester sheets, and polyester over- 
lays on other materials 

Size of flat laminate sheet made: 48” x 144” max. 


WISCONSIN 


Lapcor Plastics, Inc., Manitowoc 

Types of molding done and kinds of molds used: 
compression matched metal dies 

Number of presses, platen area and daylight space 
of each press: 3—30” x 40” platen area, 18”- 
24” daylight 


G. B. Lewis Co., Watertown 

Types of molding done and kinds of molds used: 
matched metal dies of meehanite, forgings and 
tool steel, custom molding of preform aad pre- 
mixed parts 

Number of presses, platen area and daylight space 
of each press: 12 from 5 to 250 tons, up to 
43” x 96”, 84” daylight, 66” stroke 

Type of resins and reinforcements used: polyester 
and epoxy resins, glass amd other synthetic 
fibers reinforcement 








PLASTIC SHEET FORMERS 
(FORMING and DRAWING of THERMOPLASTICS) 








CALIFORNIA 


*Aerojet-General Corp., Structural Plastics 
Div., Azusa 
Personnel: see p. 1145 


Art Plastic Mfg. Comp. 4 Los Angeles 


Personnel: see p. 


Blackman Plastics, Culver City 
Chemtron Fiber Glass Co., El Monte 


Personnel: see p. 1162 


Engineering Plastics Co., Pasadena 
Owner—W. Kenneth Peasley 
Pur. Agt.—Gordon Schneiders 


General Plastics mg Los Angeles 


Personnel: 


Hollywood Plastic Arts, Inc., Los Angeles 


ersonnel: see p. 1162 


Klisey Engineering {fee Los Angeles 


Owner—Michael 


Plastic Age Co., Sau 


Personnel: see p.1 rr} 


Plastic Model E te 
o Mean i Eng ngineering Co., Van Nuys 


Sen —Jane E. — 
* Indicates Advertiser 


Ray Products Co., Inc., Alhambra 
*Sierra Electric Corp, Gardena 


Personnel: see p 


Urrite Plastics Fabricators, Pico 


COLORADO 


Denver Plastics, Inc., Golden 
Personnel: see p. 1146 


Pikes Peak Plastics, ine. Colorado Springs 


Personnel: see p. 


Reinhardt Plastics o. | 4 Denver 


Personnel: see p 


Seder Plastic Corp., Fost Collins 


Personnel: see p. 


CONNECTICUT 


Amston Plastic Engineering Corp., Amston 
Pres., Treas., Pur. Agt.—Fred A. Patten, Jr. 


Vice Pres., Secy.—Joyce P. Patten 
Sls. Mgr.—George Neuman 


*D & R Plastic Welders, Inc., Hazardville 


Sealy Plastics Corp., Rockville 
Pres., Sls. Mgr., Pur. Agt.—Seymour E. Lavitt 
Vice Pres.—Edith H. Lavitt 


Valley- National Corp., The, Milldale 
Pres.—W. J. B. Johnson 
Vice Pres., Sis. ~~ —H. R. Sterrett 
Pur. Agt.—E. C. Merkle 


*Watertown Mfg. Co., The, Watertown 
7 


Personnel: see p. 114 


FLORIDA 
Fabri-Form Plastics Co., Jacksonville 


Modern Plastics, Miami 
Gen, Mgr.—George H. Light 


Southeastern Sales Corp., St. Petersburg 
Pres., Pur. Agt.—John C. Bagg 
Vice Pres.—Glenn A. Bell 
Sls. Mgr.—Robert S. Mudd 


Southern Plastic Products Co., 
Beach 


Riviera 


GEORGIA 


Gladwin Plastics Inc., Atlanta 
Vice Pres., Sls. Mgr. —Ralph F. Chambers 
Vice Pres.—Earle Blomeyer 
Pur. Agt.—Herbert F. Loring 





Plastics Fabricants, Div. of The Woodman 
Co., Inc., Decatur 
Pres.—_Ned W. Heyward 
Vice Pses.—Allan Forsyth 


ILLINOIS 
Able Contaimer Co., Chicago 
Arrem Plastics, I Chice ts) 
Pres., Treas.—R. Cv. M aler 
Vice Pres., Secy., Sis. Pm —H. J. Dibblee 


Bacon & Weber, Chicago 


¢ ensolidated Fis Plastics & Mfg. Co., Chicago 
Pres.— 


*Carroll, J. B., Co., , Chics Ago 


Personnel; see p. 
Continental Plastics Corp., Chicago 
Multiplasties, Addison 
Plastofiim, Inc., Wheaton 


Pres.—George Wiss 
Vice Pres.—Vera Wiss 


Precision Plastic Products Inc., Chicago 
*U. S. Rubber Co., Royalite Div., Chicago 
Sis. Mgr.—Thomas R. Grimes 
Pur Agt.—O. A. Hlavacek 


Wessel, Stanley, & Co., 
Pres.—Stanley L. Wessel 
Vice Pres.—William J. Higgins 


Chicago 


INDIANA 


Borkland Laboratories, Marion 
Owner—G. W. Borkland 


*General Plastics Corp., Marion 


Personnel: see p. 1149 


Kent Plastics Corp., Evansville 
Nering’s Plastics, Gary 


Plast-Ad Mfg. Co., South Bend 


IOWA 
Timely Products Co., Des Moines 


KENTUCKY 


Production Aid, Ine., Middletown 
Pres.—T. E. Vi 


Vice Pres.—J. s. "Sutherland 


LOUISIANA 


Plastic Suppliers & Manufactures, Baton 
Rouge 


MARYLAND 
Artmor Plastics Corp. Cumberland 
169 


Personnel: see p. 


Fawn Plastics Co. Inc., Timonium 
Personnel: see p. 11 


MASSACHUSETTS 


Colorvision P Inc., Boston 
163 


Personnel: see p. 


Cook, | Witien A., Co. Inc. Watertown 
Pur. Agt.—William A. 
‘an * src tron Crook 
Sls. Mgr.—Chester A. Parkhurst 


*% Indicates Advertiser 
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Duplicon Co., ine., Westboro 
Pres.—Johan ” Andersen 
Vice Pres. ‘ons T. Andersen 


*General Tire & Rubber Co’s, The, Bolta 
Products Div., Lawrence 


Personnel: see p. 1150 


Gregstrom. Corp. “ Cambridge 
M. Naylor 
aa - Mgr.—Ronald C. Baldwin 
Sls. Mgr., Treas.—Louis DiDonato 
Pur. Agt.—Edwin E. Rugg 


Jupiter Plastics Inc., Pittsfield 


Laminated Sheet Products Corp., Norwood 
Pres.—John M. Tomb 


Mercury Plastics Corp., Chicopes | 
Pres., Sls. Mgr.—Lawrence W. ard 
Pur. Agt.—Veronica V. Leonard 


Plastronic Engineering Co., Marlborough 


Rome Plastic Specialties, Inc., Worcester 
Pres.—Harold D. Rome 
Sls. Mgr., Treas.—Richard Rome 


Sharpe Plastics, Inc., S. Sudbury 


Transplastics Fabricating | Ce, Boston 
Pres., Pur. Agt.—M. P. 


Wasco Products Inc., Cambridge 


MICHIGAN 


Acme Laminating & Plastics Co., Inc., De- 
troit 


*Cadillac Plastic & C nomical Co., Detroit 


Personnel: see p. 


Capac Industries, Inc., 2 Capac 
1 


Personnel: see p. 


*Capitol Plastics Co.. Inc., _ Lansing 
Pres., Sls. Mgr.—A. E. 
Vice Pres.—K. Koppin 
Pur. Agt.—I. White 
Darling, L. A., Co., Plastic Div., 
water 
Pres.—Trowbridge H. Stanley 
Vice Pres.—E. C. Mathews 
Sls. Mgr.—Louis Blasi 
Pur. Agt.—Betty Russell 


Cold- 


Fabri-Kal Corp., Kalamazoo 
Pres.—R. P. Kittredge 
Sls. Mgr.—R. G. Pierce 
Pur. Agt.—M. A. Klein 


Imperial | Industries, Inc., Wayne 
. G. Lewellen, Jr. 


Klise Mfg. Con Gues Pe. ids 
Pres. and Pur . Veen, Sr. 
Vice Pres., Sis. ‘ao oe Cc. Veen, Jr. 


Quick Plastics Div. Quick Industries, Inc., 
Jackson 
Personnel: see p. 1152 


Reynolds Plastics, Ine. Walled Lake 


Personnel: see p. 


Woodall Industries, , Ene Detroit 


Personnel: see p. 


Zenith Plastics of Michigan, Inc., Ypsilanti 


Personnel; see p. 
MINNESOTA 


Budscraft, Inc., Minneapolis 
Mankato Paper Box Co., Mankato 
Pres.—R. G. Foster 


North Star Industries Inc., Hopkins 
Personnel: see p. 1152 


T. O. Plastics, ap, Mipnesgalp 
Pres., Sls. Mgr.— 


Vice Pres., in R. Beech 


*Thunderbird Plastics, Inc., Minneapolis 
Personnel: see p. 1152 


MISSOURI 
Allied Plasti-Lite Enterprises, Inc., 


St. Louis 

Pres.—Glen L. De Hart 

Vice Pres.—Frank F. Bottini 
Secy.-Treas._Raymond V. Vogelweid 
Sls. Mgr.—Eugene J. Brockland 

Pur. Agt.—Arthur B. Hoff 


Regal Plastic Co., > Kaneses City 


Personnel: see p. 


NEBRASKA 


Omaha Plastics Co., Omaha 
Personnel: see p. 1152 


NEW JERSEY 
Colvin-Friedman Co., S$ Id 
, — “Henry F. Colvin yoere 
Secy.-Treas., Sls. Mgr.—S. H. Friedman 
Pur. Agt.—J. F. Sweeney 


*Emeloid Co. Inc., Hillside 
Personnel: see p. 1153 


Glassoloid Corp. of America, Clifton 
Hunton Plastics Co. » Englewood 


Pres.—Chas. H. 
Vice Pres. nag 7. Yan Seavelt 
Pur. Agt.—Mrs. F. Child 


*Madan Plastics, ine iGrantord 


Personnel: see p. 


Pitman Plastic Products, Inc., Pitman 
Personnel: see p. 1171 


Plasti-foam Corp., Hoboken 


Personnel: see p. 1154 


Preservation Packaging, Inc., a eeniie 
Ss gr.—Norton A 
Vice Pres., ees Agt.—J. L. 4 on 


*Sillcocks-Miller Co., The, Maplewood 
Pres.—R. H. Davis 
Vice Pres. & Sls. Mgr.—J. F. Herslow 
Sec. & Pur. Agt.—R. W. Davis 


Somerset Industrial Designs, Inc., Nandave 
Plastic Products Div. Somervi le 
Pres., Pur. Agt.—Beverly J. 
Vice Pres.—David L. wh 
Sls. Mgr.—Gunnar Sundstrom 


Springfield Fabricators, Inc., Springfield 
Pres.—Henry F. Colvin 


Secy.-Treas., Sls. Mgr.—S. H. Friedman 
Pur. Agt.—J. F. Sweeney 


*United States Goshast ¢ Co., Camden 
Personnel: see p. 1154 


NEW YORK 


Brookl 
aoe nen eT rooklyn 
Alda Plastics, Inc., New York 
Pres.—Meyer Moch 
Sls. Mgr.—Jules Rothman 
Allied Plastics Supply Corp., New York 


American Plastics New York 
Personnel: see p. 11 


Aacon Industries, 


Personnel: 





Bo-mer Mfg. Co., 


Personnel; 


20, Ine, Auburn 


Bricmar Mfg. Corp., New York 


Personnel: see p. 


Chanal Plastios Corp., Rego Park 
. Karp 


Pres.— 
Vice ae “= Mgr.—Donald Freeman 
Pur. Agt.—Robert A. Morse 


Classic Studio, New York City 


Owner— Sarkis Cir 


*Commercial Plastics & Supply Corp., 
New York 
Pres.—Arthur E. Herman 
Vice Pres.—Morton R. French 
Sls. Mgr.—Don I. Yarnall 
Pur. Agt.—Geo. DiBiasi 


Curbell, Ine., Buffalo 
Pres.—Edmond A, Leone 


Dura Plastics of New York, Inc., New York 
Pres.—Joseph Layman 
Vice Pres., Pur. Agt.—Dorothy Wexler 
Sls. Mgr.—Samuel Baliner 


Durable Formed Products, Inc., New York 
Pres.—Vito A. Tanzi 
Vice Pres.—R. A. Gerardi 
Prod. Mgr.—J. Aragona 


Emerson Plastics Com, Bronx 


Personnel: see p. ll 


Falk Glass & Plastic Co. Inc., Long Island 
City 
Pres.—Leo C. Falk 
Vice Pres.—Frances Falk 


Forbes Products Corp. Px, Rochester 


Personnel: see p. 


Industrial Sales Engineers, New York 


Personnel: see p. 


Injection Molding Comp. .» New York 


Personnel: see p. 


Jodee Plastics Co., Brooklyn 
Personnel: see p. 1156 


Just Plastics, Inc., New York 
Pres.—Charles Vermann 


Sis. Mgr., Pur. Agt.—Martha Turi 


Lee-Hy Plastics Inc., Buffalo 
Pres., Sls. Mgr.—Hyman Pleskin 
Secy.-Treas., Plant Mgr.—Leo J. Jankowski 


Lumar Optical Mfg. ‘Co. Inc., 
1164 


Personnel: see p. 


Mt. Vernon 


Lustra-Cite Industries, Inc 
Pres., Sls. mae hy W. Hal 


Pur, "Agt. —D. H. Stiles 


eke 


Majestic Creations, Ia ee, Woodside 
Pres., Sls. Mgr.— . Seger 


Marbek, Inc., Brooklyn 


Merchandise Presentation, Inc., New York 
Pres.—Hyman Charnin 
Vice Pres., Sls. Mgr.—Seymour C. Falek 
Pur. Agt.—Edward Galise 


ae Forming Co., New York 


Paragon Plastic Corp., New York 


Plastic Artisans, Ine., Port Chester 
Pres., Sls. Mgr.—Carl W., Middleton, Jr. 
Vice Pres.—Earl Middleton 

Pur. Agt.—George Trehubenko 

* Indicates Advertiser 


Plastic Center, Rochester 
Personnel: see p. 1164 
Plastic ag ig College Point 
Agt.—Norman Zwiebel 


a “ed a A. Brandon 
Sls. Mgr.—William Ruskin 


Plastic Service Corp. 


Personnel: see p. 1156 


Plasti-Skill Co., Corona 


Personnel: see p. 1172 
Plaxall, Inc., Long Island City 
Pres., P. M. Pfohl 


Secy.-Treas.—Louis H. Pfohl 
Chief Eng.—Gary G. Menkel 


New York 


Poly-Cell Plastics Co., Smithtown 


Personnel: see p. 


Robinson, Lewis & Rubin, Inc., New York 


Pres.—Daniel D. 
Vice Pres.—Irwin :s Robinson 


St. Se Paper Co., Panelyte Div., New 
or 
Personnel: see p. 1156 


Shoe Form Co. Inc., jAubura 


Personnel: see p. 


South Salein Studios, South Salem 
Pres.—Enzo Yocca 
Pur. Agt.—W. Kennedy 


Syracuse Plastic Molders, Syracuse 
Personnel: see p. 


Techni-Plastics Inc., Port Washington 
.—Vito A. Tanzi 
Vice Pres.—W. Speck 


Tico Plastics Inc., New York 


United Mask & Novelty Co., Inc., Glendale 
Pres.—Elwood G. Pamatat 


Vice Pres., Sls. Mgr., Pur. Agt.—Clinton A. 
Pamatat 


Whyte Mfg. Co., Inc. New York 
Personnel: see p. 1156 


NORTH CAROLINA 


Carolina Plastics Co., Charlotte 
Pres., SIs. Mgr.—Don Hill 
Vice Pres., Pur. Agt.—D. R. Hill 


*Engincered Plastics, 7% Gibsonville 
es.—D. M. Davidson, 
ee Agt.—C. V. Long, Neg 
Sls. Mgr.—C, H. Phillips 


OHIO 
Argo Plastic Products Co., Inc., Cleveland 


Personnel: see p. 1157 


*Barron, J. E., Plastics, Inc., Cincinnati 


Personnel: see p. 


Baxter | Co., ah, Cincinnati 
E. Baxter 


Peep tom S Co., te Byesville 
Vice Pres., Piecy pa —R, L. Baker 


Goodyear Aircraft fy Akron 


Personnel: see p. 117 


Heil | Process Process Equipment Corp., Cleveland 


‘ersonnel: see p 


*Lincoln Molded Plastics Inc., Circleville 


Personnel: see p. 1157 
Plastic Parts Comp Maumee 

Pres.—W. F. Broer, ir. 

Vice salar L. Lambert, Jr. 


Plastic Products Corp. 


Personnel: see p. 1178 


Bedford Heights 


Vacuum Plastics Corp 


Personnel: see p. 1158 


Columbus 


Vichek Tool Co., ey Cipla 


Personnel: 


OKLAHOMA 
Tulsa Plastics, Tulsa 


OREGON 
Pam Co., The, Portland 


PENNSYLVANIA 
*Consolidated Molded Products Corp., 


anton 
Personnel: 


see p. 1159 
Curry Arts Molding and Laminating Co., 
Scranton 


Personnel: see p. 1159 


Delaware Valley Plastics Co., Philadelphia 
Partners—Morrison L. Robb and Raymond 
Kaplan 


Halsen Mfg. Co., Philadelphia 


Pres.—Louis Bender 
Sls. Mgr.—Joseph Goodman 
Pur. Agt.—John Licinit 


McClarin Plastics, New Oxford 


Mitchell’s, L. D., Plastic Studio, Pittsburgh 
Owner: L. D. Mitcheil 
Mer., Pur. Agt.—D. L. Mitchel 
Sls. Mgr.—Douglas E. Mitchell 
Prod. Mgr.—Robert D. Mitchell 


Name Plate Products Co., Philadelphia 
Owner—C. W. Thomas 
Sls. Mgr.—J. Costello 
Pur. Agt., Genl. Mgr.—J. T. Craig 


*Port Erie Plastics, Ine, Erie 
Personnel: see p. 115 


Reinhardt, J. A., & Co., Mountainhome 
Pres.—John A. Reinhardt, Jr. 
Vice Pres.—John A. Reinhardt, Sr. 
Sls. Mgr., Pur. Agt.—Robert Reinhardt 
Mgr. Vacuum Forming Dept.—Milton O’Merle 


Strick Plastics, Perkasie 


Personnel: see p. 1174 
Thomas, Charles W., Philadelphia 
Owner—C, W. Thomas 


Supt.—J. Wilson 
Pur. Agt.—J. T. Craig 


Westlake Plastics Co., Lenni Mills 


Personnel: see p. 11 


RHODE ISLAND 
Shaw-Randall Co., Inc., Pawtucket 


SOUTH CAROLINA 


Westinghouse Electric Corp., 
Div., Hampton 
Personnel: see p. 1160 


Micarta 


TENNESSEE 
Plastic Industries, Inc., Athens 
Personnel: see p. 1165 
TEXAS 


Lone Star Plastics Co. Inc., Fort Worth 
Personnel: see p. 1160 















Plastics Center of Texas, San Antonio 
Personnel: see p. 1165 


Southwestern Plastics, Inc. 
Pres.—Dan E. Bloxsom 
Vice Pres.—J. F. Niccolls 
Pur. Agt.—Joseph Bloxsom 


, Houston 


VERMONT 
Manchester Molding Co., Manchester 


Personnel: see p. 1160 


Newport Plastics Corp., Newport 


VIRGINIA 
O'Sullivan Rubber Corp., Winchester 


Star Band Co., Portsmouth 





WASHINGTON 


Durable Plastics Co., Inc., Seattle 
Pres., Pur. Agt—H. H. Gray 
Vice Pres.—T. E. Gray 
Sls. Mgr.—G. C. Haynes 


General Plastics Mfg. Co., Tecoma 
Pres., Sls. Mgr.—L. W. Scha 


Mason’s Art Plastics Con Seattle 


Personnel: see p. 


Western Plastics, Inc., kane 
Pres., Pur. a Se 7 . deRoetth 
Vice Pres.—Duane Watters 
Sls. Mgr.—Robert D. McGoldrick 





WASHINGTON D. C. 


Kenwood Plastics, Washington 
Pres.—M. K. Heartfield, Jr. 
Vice Pres.—J. D. Rollow 

Pur. Agt.—J. E. Johannes 








WEST VIRGINIA 
Plastics by . . . Hoover, Huntington 
WISCONSIN 
Evans-Zeier Plastic Co., Madison 
Personnel: see p. 1161 


Northern Plastics Corp., LaCrosse 


Personnel: see p. 11 


Portage Plastics Co., , Ine., Portage 


Personnel: see p. 


Premier Plastics Co., Milwaukee 
Personnel: see p. 1166 
Presco Plastics, Milwaukee 


Personnel: see p. 1161 





Tewes-Roedel Plastics Corp.., qaukesha 
. Mgr.—Donald E 

Vice een. —Myra T. Seuss 

Pur. Agt.—Oscar Hoffman 


Trim Molded Products Co., Inc., Burling. 


ton 
Personnel: see p. 1161 
























































VINYL FILM, SHEETING, AND COATED 
FABRIC MANUFACTURERS’ 


—Calendered Vinyl Film; B—Cast Vinyl Film; C—Calendered Vinyl Sheeting; D—Vinyl Coated Fabric 














CALIFORNIA 


Ellay y Rubber Co. Ix Co., Inc., Los Angeles (A, C) 


me Pres.—E. “7 Schreiner 
Pur. Agt.—Robert E Reid 


Flexfirm Products, E] Monte 
Pres.—Dudley Fichorn 
Sales Mgr.—Alfred J. Michels 
Pur. Agt.—James J. Goggin 


(D) 


CONNECTICUT 
Ross & Roberts, Inc., Stratford 


Pres.—Arthur M. Ross, 
Vice Pres., Sls. Mgr. etal V. Roberts 
Pur. Agt.—William Devine 


(A, C) 


ILLINOIS 


Jacobson, S. I., Mfg. Co., Chicago 


A, B, C, D) 


MASSACHUSETTS 
Athol a Mfg. Co. Co., Atho l 


Pres Clare 
Vice Pres. a L. Ford 
Sls. Mgr.—Robert M. Tyler 
Pur. Agt.—A. H. Mirick, II 


(D) 


Clark Cutler & McDermott Co., Inc., 
Franklin 
Personnel: see p. 1150 





© Note: Film is 10 mils or less in thickness. Sheet- 
ing (unsupported) is in thicknesses over 10 mils 
* Indicates Advertiser 


1178 





Farrington Texel Cae Walpole 
Pres.—W. J. Hi 

Vice Pres.—B. 3. ‘Sate 

Sls. Mgr.—W. T. Cavanaugh 

Pur. Agt.—B. S. Ritchie 


*General Tire & Rubber Co’s, The, Bolta 
Products Div., Lawrence (C) 
Personnel: see p. 1150 


Goodall Sanford, Inc., Reading (D) 
Pres.—Walter E. Greer, Jr. 


Vice Pres.—Geo. E. Norman, Jr., Peter P. 
Shea 


Sls. Mgr.—Robert F. Daughters 
Pur. Agt.—William E. Rock 


*Sandman Co., Eli, Worcester 


(D) 
Vernon Plastics Corp., Lynn (A, C) 
Pres.—Frederick Gardner 
MINNESOTA 
*Minnesota Mining & Mfg. Co., Irvington 
Div., St. Paul (D) 
NEW JERSEY 
Carpenter, L. E., & Co., Wharton (D) 
Personnel: see p. 116. 
Federal Industries, Belleville (C, D) 
Pres.—Louis M. Plansoen 
Vice Pres.—W. F. Young 
Pur. Agt.——Paul B. Grosjean 
Kaykor Industries, Inc. ,, Yardville (A, C) 


Personnel: see p. 11 


Kaye-Tex Mfg. Corp., Yardville (A, C, D) 


Pres.—Irving 
Vice Pres. oe Sonera C. Pierce 






(D) 


Sls. Mgr.—Carl H. Bagen 
Pur. Agt.—Norman F. Giberson 


*Polyplastex United, Inc., Union (D) 
Pres.—H. W. E. Riley 


Vice Pres., Treas.—S. F. Peskin 
Sls. Mgr.—R. W. Heins 
Pur. Agt.—M. Carbo 


NEW YORK 


Allied Plastics Supply Corp., New York 
(A, B, C, D) 


American Combining Corp., Arverne (D) 
Pres., Sls. Mgr., Pur. Agt.—J. T. Rudman 
Vice Pres.—Morris Kant 


Associated Rubber and Plastic Corp., New 
York (A, C, D) 
Pres.—Hyman Robbins 
Vice Pres., Sls. Mgr.—Ben Robbins 
Pur. Agts.—Hyman Robbins, Bernard Gruen- 
wald 


*Bakelite Co., Div. of Union ose 
Corp., New York (A, B, C) 


Blossom Mfg. Co., New York (A, B, C, D) 
Pres.—Dave Schoenfe: 


Vice Pres.—S 1 B 
Sls. Mgr.—Bill Glazer 
Pur, Agt.—Jack Antokal 


Borden Chemical Co., The, Div. of The 
Borden Co., New York (A) 


Brulene Coated Textiles, Inc., oe 

Columbia Mills, The, Inc., Syracuse (D) 
Pres.—Robert A . Harper 

Vice Pres.—H. E. Wilkins 

Pur. Agt.—C. A. Robieson 


Actai 

















































































































































































































Duro-Plast Distributing Co., Inc., New 
York A, C, D) 
Pres.—Paul Gold 
Sls. Mgr.—Norman Wile 
Pur. Agt.—Norman Wile 


Elm Coated Fabrics Co., Inc., New York 
(A, C, D) 
Pres.—A. Mittman 
Vice Pres.—E. Mittman 
Sls. Mgr.—M. Grant 
Pur. Agt.—E. Siskind 


Fabric Leather Corp., New York (A, C) 
Fassler, M. J., & Co., Ine., Brooklyn (D) 


Pres.—Morris J. Fassl er 
Vice Pres.—Herman Braverman, Newton J. 
Fassler 


Gordon-Lacey Chemical Products, Inc. 
Maspeth (A, C, D) 
Pres., SIs. Mgr.—Robert Lacey 
Vice Pres.—Robert Gordon 
Pur. Agt.—Herman Lacey 


Greenfield, David S., Bronx 


(A, C) 
Harte & Co., Inc., New York (A, C) 
Pres.—Fred S. Strauss 
Vice Pres.—Allan Shedlin, Fred S. Strauss, 
Donald Lipps, John Marzuli 
Sls. Mgr.—Allan Shedlin 
Pur, Agt.—Arthur Simon 


Industrial Sales Engineers, New York 


A, C) 
Personnel: see p. 1155 


Intraplast Mfg. Co., New York (A, C, D) 


Jamestown Finishes, Inc., Jamestown (D) 
Pres., Sls. Mgr.—Ben Avallone 
Vice Pres.—L. D. Anders 
Pur. Agt.—Frank Franco 


Marbek, Inc., Brooklyn (A, C, D) 
Pres.—Joseph S. Kaye 


Vice Pres., Sls. Mgr.—Seymour Griss 
Pur. Agt.—Hy Eleew 


Metallic Plastics Corp., Long Island City 
A,C 


> 


Mirror Plastics Co., Inc., New York 
(A, C, D) 
Pres.—J. L. Spiegel 
Vice Pres., Sls. Mgr.—Matthew Spiegel 
Pur, Agt.—C. Fernandez 


Pearson Industries, Long Island City (A, C) 


Pres.—F. Z, Pearson 


Rand Rubber Co., ) Brooklyn 


Pres.—L, 


(A, C, D) 


a ty Deientios Advertiser 


*Rubber Corporation of America, Hicks- 
ville (A, C) 
Pres.—W. A. Merton 
Vice Pres.—R. G. Merton 
Sls. Mgr.—A. W. Merton 
Pur, Agt.—Dinah Martin 


Rudd 9 Megie Wt Fabrics Corp., Brooklyn (C) 
Pres.— 
Vice Pres. i. Miller 
Sls. Mgr.—J. Phillips 
Pur. Agt.—A. Novet 


Velveray Corp., New York (D) 
Pres.—Raymond L. Schwartz 


Weblon, Inc., New York 
Pres.—S. L. Chambers 
Vice Pres., Treas.—Robert Rose 
Vice Pres., Secy.—R. F. Buehler 
Sls. Mgr.—David Schafer 


OHIO 


*Barron, J. E., Plastics, Inc., Cincinnati 
(A, B, C) 


(A, C, D) 


Personnel: see p. 1157 


Columbus Coated Fabrics Corp., Columbus 
A, C, D) 
Pres.—Henry A. Flaherty 
Vice Pres.—J. W. Wilcox 
Pur. Agt.—S. N. McCloud 


Conneaut Rubber and Plastics Co., 
Conneaut 
Extruded vinyl! sheeting 
Personnel: see p. 1157 


General Tire & Rubber Co., 
Div., Toledo 
Gen. Megr.—J. D. Lippmann 
Dir. of Sils.—J. S. Mather 
Asst. to Dir. of Sls.—J. H. Schueddig 
Pur. Agt.—C. A. Fuller 


Goodrich, B. F., Industrial Products Co., 
Marietta (A, C, D) 
Pres.—C. O. DeLong 
Gen. Mgr.—G. E. Field 
Pur. Agt.—J. J. Ellis 


Landers Corp., The, Toledo (D) 
Pres.—J. P. Howland 
Vice Pres.—J. C. Siegmann 
Sls. Mgr.—C. M. Scholz 
Pur. Agt.—Ty Hewlett, Jr. 


Seiberling Rubber Co., Plastics Div., New 
comerstown (A, C) 
Pres.—J. P. Seiberling 
Vice Pres.—H. P. Schrank 
Sls. Mgr.—C. J. Figenscher (Plastics Division) 
Gen. Mgr.—Harry M. Zimmerman 
Pur. Agt.—W. H. Oran 


OREGON 
Pam Co., The, Portland 
Pres.—-D. K. Anderton 
Vice Pres.—B. H. Bettcher 
Pur. Agt.—D. W. Arnell 


The, 


Textileather 


PENNSYLVANIA 


Firestone Plastics Co., Pottstown (A, C) 
Pres.—Roger S. Firestone 
Exec. Vice Pres.—E. T. Handley 
Vice Pres. of Velon Prod.—K. L. Edgar 
Pur. Agt.—Thomas Storm 


Masland Duraleather Co., The, Phila- 
delphia (C, D) 
Pres.—Albert C. McCoy 
Vice Pres. Sls.—J. A. Shadle 
Sls. Mgr.—M. B. McMeekin, George H. Sweet 
Pur. Agt.—J. C. Lavin 


*Scranton Plastic Laminating Corp., Scran- 
ton A, 
Pres.—D. P. Keisling 
Secy-Treas.—C. W. Walter 


RHODE ISLAND 
General Tire & Rubber Co., Respro Div., 


Cranston » C, D) 
Gen. Mgr.—John A. Matousek 
Sls. Mgr. Sheeting & Coated Fabrics—J. P. 
Donovan 


Pur. Agt.—J. M. O’Grady 


VIRGINIA 


Electro Plastic Fabrics, Inc., Pulaski 
Pres.—Richard Beaver 


Vice Pres.—James Lower 


(D) 


O'Sullivan Rubber Corp., Winchester (C) 
Pres.—Paul Terretta 
Vice Pres.—B. Beverly Wright 
Sls. Mgr.—C. Robert Creamer 
Pur. Agt.—William O. Grove 


CANADA 


Canadian General-Tower, Ltd., Ontario 
(A, C, D) 

Pres.—G. Chaplin 

Vice Pres.—W. B. Rollasom 

Sls. Mgr.—F. W. Graham 


Pur. Agt.—E. Willis 


Canadian Resins and Chemicals, Ltd., 
Montreal (A, C, D) 
Pres.—Dr. R. S. Jane 
Vice Pres., Gen. Mgr.—G. M. Hale 
Pur. Agt.—J. G. Giroux 


ENGLAND 
BX Plastics, Ltd., 


London 


JAPAN 


Monsanto Kasei Chemical Co., Tokyo 


(A, D) 











DIRECTORY OF TRADE DESIGNATIONS 
OF PLASTIC MATERIALS AND PROCESSES 





This list of trade designations is compiled for reference 
The descriptive information, however, is not guarantee 
accompanied by a registration number and date. For complete addresses, refer to al 


TRADE NAME 


A-C Polyethylene 
A-C 
A-M 


ASA 
Aboglas 


Acco 


Accuratool 
Ace-Flex 
Ace-Hide 
Ace-Ite 


Ace Riji-Taf 
Ace Riviclor 
Ace-Tempron 
Ace-Tex 
Acetamine 
Acetaplex 


Acrograve 
Acrojet 


Acroleaf 
Acromark 
Acronal 
Acrostamp 
Acrylast 
Acrylon 


Adipol 
Advastab 
Advawax 
Advawet 
Aer-o-buoy 
Aeroflex 
Aeron 


Agilide 
Agiline 
Air-Bond 
Air-in-Oval 


Airborne 
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eke | oe TYPE OF 
DUCT 


COMPANY & ADDRESS 





A 


Low-molecular-weight 
polyethylene 


Polyethylene lubricant 


Adhesives, resins, chemi- 
cals, ete. 


Anti-skinning Agent 


Laminated resin- im- 
pregnated asbestos and 
glass cloth 

Polymers, copolymers of 
acrylic and methacry- 
late esters. 

Capstan and second op- 
eration lathes 

Thermoplastic 
and sheet 

Rubber-plastic blend 
molding compound 

Multi-polymer rubber and 
plastic molding com- 
pound 

Resinous copolymer 


tubing 


Unplasticized 
chloride 

Heat-resistant 
plastic blend 

Black bituminous 
ing compound 
es 


polyvinyl 
rubber- 


mold- 


Coatings for 
acetate 
Plastic Engraving 

Automatic marking 
chines 

Roll leaf foil 
ment 

Marking and hot stamp- 
ing machines 

Polyacrylate 


cellulose 


ma- 


and pig- 


Metal stamps, dies and 
numbering machines 
Monofilaments from poly- 
acrylonitrile-styrene 

Rubber 


Plasticizers-adipate es- 
ters 
Vinyl stabilizers 


Rubbery polybutenes for 
modifying agent 


Additive for reducing 
viscosity of plastisols 


Closed-cell vinyl foam 


Polyethylene extrusion’ 

Waterproof plastic-coated 
— fabrics (nylon & 
neoprene) 

Non-plasticized nyl 
ec a a ished 
com: 

Poly. bylene semi-finished 

ents 

Ving) Palm and sheeting 
for p 
tions 

Acetylenic alcohols and 
lycols ; alkyl-substi- 
tuted acetylenes; 
aliphatic glycols ; and 
furans and derivatives 

Urethane foam 





Semet-Solvey Petrochemi- 
= = — Allied Chemi- 
ca 

Plastics “e Coal Chemicals 
Div., Allied Chemical 
Corp. 

American-Marietta Co., 

dhesive, Resin & 
Chemical Div. 

National Aniline Div., 
Allied Chemical Corp. 

Natvar Corp. 


Aceo Polymers 


Dowding & Dol! Ltd. 

Hard Rubber 
Hard Rubber 
Hard Rubber 


American 
oO. 
American 

Co, 
American 
Oo. 


American 
Co. Div. 

American 
Co 


Hard Rubber 
Amerace Corp. 
Hard Rubber 


Hard Rubber 
Amerace Corp. 
Hard Rubber 


Co. 
E. I. du_ Pont de 
Nemours & Co., Inc. 
Sullivan Chemicals 


The Acromark Co. 
The Acromark Co. 


American 
Co. Div. 
American 


The Acromark Co. 
The Acromark Co. 


Badische Anilin- & Soda- 
Fabrik AG 
The Acromark Co. 


Dawbarn Bros. Inc. 


The Borden Chemical 
Co., Div. of The Borden 


0. 
Ohio-Apex Div., F.M.C., 


Advance Solvents & 
Chemical Div., Car- 
— Chemical Works, 


ais Solve & 
Chemical Div. "Carlisle 
Chemical Works Inc. 

Advance Solvents & 
Chemical ad Sy 
Chemical Works Inc. 

Robinson Mouided Prod- 
uets Ltd. 

Anchor Plastics Co. Inc. 

Flexfirm Products 


American Agile Corp., 


American Agile Corp., 


Canadian Resins & 
Chemicals Ltd. 


Air Reduction Chemical 
Co. 


Aiet Trostel & Sons 


o., 


a althou 


» Sfomsiee supplied 


with a few 





to us by the companies concerned. 
srcepmons, each of the trade designations was 
I list, page 1193. 





TRADE NAME 


NATURE OR TYPE OF 
PRODUCT 


COMPANY & ADDRESS 





Airco in Design 


Aircomb 
Airmatic 
Airoyal 


Akroflex 


Alamask 
Alathon 


Albone 
Aleylite 
Aldarome 
Alfane 
Alipal 
Alkanex 
Alkanol 


Alk-0-Flex 
Alk-O-Mer 
Alkor 
Allfoam 
Alnor 


Alperox C 
Alpex 


Alsibronx 
Alundum 


Amberlite 
Amcol 


Ameran 


Amercoat 
Amester 


Ampacet 
Amphesive 
Ampreg 
Amres 
Ancorene 


Anesite 


Ansol 
Anstac 


ba momomers ; 


Bliphatic” ; 
ethylenic alcohols; and 
glycols 

~~ pone kraft honey- 


vinyl 


valves and 


and pneumatic 
and power 


units 
Rubber antioxidants 
Odor control chemicals 
Polyethylene resin 
Hydrogen peroxide 


Phenolic resins 
molding powders 


ts for form- 
aldehyde 
Epoxy-based cement 


Surface active agent; 
antistatic agent 
—— coating mate- 


and 


Surface active agents and 
— 


Air Reduction Chemical 
Co. 

Douglas Aircraft Co. 
Inc., 

Airmatic Valve Inc. 

The Airoyal Co. 


Pont de 
Co., Ine. 


Brothers Inc. 
The Atlas Minera! Prod- 
ucts Co. 
Antara Chemicals, Div. of 
a & Film Corp. 
eral Electric (: 


E. I du Pont de 





pr ng 

Plasticisers for polyvinyl 
copolymers 

Polymer and copolymer 
dispersions 

Furan resin cement 


Polyester and polyether 
costuatienn, 


Technical antet: xide 
Hydrocarbon pied ns 


Ground mica 
Abrasives and grinding 
wheels 


Ion exchange resin 
Semi-automatic rotary 


molding 
compoun 
Series of adhesives for 
industrial use 
Polyester resin coating 
Pianeta resorcinol, urea 
High-impact styrene ex- 
thermoplastic 
"produce, in including pipe 
an 
Denture alcohol solvent 


Anti-static agents and 
solutions for vinyl, 


Anti-static agents 


Surface active 
dispersa’ 


agent ; 
mt in cello- 


phane man 
Wax for use in rubber to 
ing 
Rubber antioxidants 
Carbon black dispersed 
in water 
Cold a water-soluble ad- 


ves 
Surface active agent and 
mold lubricant 


Ni 3 & Co., Inc 
Alkydol Laboratories, 
Inc. 
anes Laboratories, 
be ¥ paaes Mineral Prod- 
seas a Ltd. 
Illinois Testing Labora- 
tories I 


ne. 
Wallace & Tiernan Inc. 
Alkydol Laboratories, 


Ine., 
Franklin Minera! 
ucts Co. 
Norton Co. 


Prod- 


Rohm & Haas Co 
Dowding & Doll Ltd 


B. F. Goodrich Co 


Amercoat Corp. 
American Alkyd Indus 
tries 
ne ae Molding Pow- 
&- Chemica! Corp. 


The we Atlas Minera! Prod- 
ucts 
= Atlee Minera! Prod- 
ts Co. 
aapetinn Marietta ©o., 
Resin & Chemica! Div 
Anchor Plastics Co. Inc 


Anesite Co. 


U. §. Industrial Chemi- 
cals Co. 

Chemical 
Corp. 


Development 


Chemical Development 


‘orp. 
Antara Chemical 
Cary Chemicals Inc. 


m-. Z Pont de 
Nemours & Co., Inc 
Columbian Carbon ‘ 


National Starch Co 


E. 1 du_ Pont de 
Nemours & Co., [nc 











TRADE NAME 


NATURE OR TYPE OF 
PRODUCT 


COMPANY & ADDRESS 


NATURE OR TYPE OF 
PRODUCT 


COMPANY & ADDRESS 





Araldite 
Arabol 
Arcturus 
Aritemp 
Armorhide 
\rmor-Kut 
Armour-Clad 
Arnar 

Asp 
Astralon 


Atlac 
Atlas 


Avisco 


Avitex 


Azosol 


BRC, BRH, BRS, 
BRT, 


BRY, 


Bakelite 


Banbury 
Barak 
Barca 
Bardol 
Barinac 
Bar-ox 
Bartalon 
Baytex 
Beckacite 
Beckamine 


Beckolin 
Beckopol 


Beckosol 
Beetle 


Belcobalsa 


Benvic 


Bexan 
Bexoid 
Bextrene 
Bipel 


Blacer 


Black-By 
Black-Poly 


Black Pearls 


Block Shield 
Blend-eze 
Boltaflex. 


Bolta-Quilt 
Boltaron 


Bomb-Lube 
Bonar 

Bond 
Bondmaster 
Bondrite 


Epoxy resins 
Adhesives 
Colorants (Red) 

xy 
Textured plastic finish, 
Chemical grinding aid 
Coated Abrasives 


Vinyl and yethy) 
film and Bam mesg _ 

Mineral filler 

Vinyl chloride polymer 


Polyester resin 
Pigments and dyes 


Urea-formaldehyde com- 


Antistatic deve 
softener, an6 surface 

active 

Spi ble dyes used 
in surface coloring of 
plastics 


B 


Glass fabrics, mats, and 
papers preimpregnated 
with epoxy, polyester, 
silicone, and phenolic 
resins 

Hydrocarbon plasticizer 
and extender 


Phenolic, polystyrene, 
polyethylene, fluoro- 
thene, vinyl 
vinyl chloride, 
chloride-acetate, vinyl 
butyral, epoxy, and 
resins; molding 
materials ; extrusion 
compounds ; laminating 
varnishes; laminating 
compounds ; resins for 
adhesives; resins for 
coatings, etc. 
Mixers 


ite 
vinyl 


Accelerator activator 
Barium-cadmium 
drocarbon processing 
agent and plasticlnce 
Heat stabilizer for vinyl 
Alkyd base rotective 


iron and sseat paint 
ics resin for 


moldi 
Natural & GRS latex ad- 
hesion and ee 


modified phenolic ee 
Alcohol-soluble 


High melt point modified 

al go resins 

Urea-formaldehyde mold- 
ing material 

Core yo 4 Se sand- 


wich stru 
Vinyl chloride "ane viny! 
hloride 


Cell 
Polystyrene and acetate 


Line of compression and B. 


transfer molding 
Presses, pneumatic ac- 
cumulators, hydraulic 
power units, prefor- 


etc. 
chloride _ resin; 
vinyl compound 
Pipe and pipe fittings 
ware oo, e pipe and 
Pelleted channel carbon 
blacks 
t dispersions 
Wetting agent 
Supported and unsup- 
ported flexible vinyl 
sheeting 
Quilted plastic films 
Styrene copolymer (A-B- 
. sheet and vinyl 
8 


Mold release 
Plastic boning 
Adhesives 


Industrial adhesives 
Natural rubber solvent 
cements 


Ross & Roberts Inc. 


Minerals & Chemicals 
Dyanmit'A in - Gesell 

ctein - - 
schaf 


t 
Atlas Powder Co. 
a. Soheptonen & Co. 


ne. 
American Viscose Corp. 


E. FL du Pont de 
Nemours & Co., Inc. 


General Dyestuff Co., Div. 
of General Aniline & 
Film Corp. 


Polyplastex United Inc. 


Plastics & Coal Chemical 
Div., Allied Chemical 
rp. 
Bakelite Co., Div., Union 
Carbide Corp. 


Farrel-Birmingham Co., 
n¢c., 
E. L du Pont de 
Nemours Co., Inc., 
Products Co. 


stabil- Deecy 


Plastics & Coal Goonies 
Div., Chem 


National Co. 

Trusecon >... 

P. Industrial 
a Inc. — 

UBS Chemical Corp. 
Reichhold Chemicals, Inc. 


urea- Reichhold Chemicals, Inc. 


Reichhold Chemicals, Inc. 
Reichhold Chemicals, Inc. 


Reichhold Chemicals, Inc. 
American Cyanamid Co. 


Balsa Ecuador Lumber 


Ltd. 
P. Engineering Ltd. 


Cary Chemicals Inc. 
Anesite Co. 
Anesite Co. 


Godfrey L. Cabct Inc., 


Carbon D + ~ Inc. 
Gering ucts Inc., 
Bolta Co., Inc., 


Bolta Co., Inc., 
Bolta Co., Inc. 


Price-Driscoll a 
Anchor Plastics Co. Inc. 
pons y= Co. 
Rubber & Asbestos Corp. 
One Chemical Corp. 








Cadox 

Caleerite 
Calvinac 
Calwhite 


Camel-Carb 


Camel-Tex 
& Camel-Wite 
Campco 


Celanthrene 
Celite 


Cellon 
Cellosize 


Fibrous glass reinforced 
epoxy p 
Polyester filler, solder 


Shade 


coa: 
Vinyl 
‘orm, 
hesive 
Adhesive 
Sheeting-vinyl supported 
and unsupported 
leaf and roll leaf 
equipment 
Composition 
vinyl 
Industrial adhesives 
Plastics pipe and tubing 
Polyvinyl butyral resin 


Coatings for 
bu 


cloth, plastic- 


plastic in sheet 
coated with ad- 


supported 


cellulose 


tyra’ 

Composition of synthetic 
rubber or rubber-like 
materi: 

Polyvinyl butyral resins 


C 


Lubricants, adhesives, 
coatings, etc. 

Acrylic sheet 

Allyl ester sheets 

Plasticizers 

Colloidal _ silica-thicken- 
ening, thixotropic, sus- 
pension, dispersing 
agent 

Extruded acrylic; hi- 
impact styrene sheets ; 
cast acrylic tubing; 
rods; polyester resin ; 
y apie se stock 


forms se: 
anti-static. polis! 

Ganado peroxide cata- 

lysts 

Amino-resin casting com- 
poun 

Vinyl-based air-dry coat- 


ings 
Natural calcium 
bonate extender 


car- 


Dry ground calcium car- 
mate filler 
Water ground calcium 
carbonate filler 
Thermoplastic sheet and 


film 
Plastic coated paper for 
Dyes 


Modified rosin esters 
High color channel car- 
bon blacks 


ac! 
Polyethylene glycols 


Plastic pipe 
Machine for sizing or 
separating materials 
such as plastic tubes 
dered synthetic resin 


a 
Line of glues and ad- 
(e.g. Cascola 

label glue; Cascophen ; 
Cascorez; etc.) 

Aqueous casein coating 
solutions 

Synthetic resin 


Styrene, polyethylene, 
and nylon molding 
compoun urea, 
phenolic, cresylic, re- 
sorcinol, melamine, 
acrylic and styrene res- 
ins ~ bending. = 
— ng, lam = ng. 

a. ng; ete. 

Aceta’ film, sheeting, 
i material ; poly- 
ethylene film, sheeting, 

id sheeting: poly- 
ester resins; polyviny! 
acetate emulsions 

Dyes 


Diatomite products, filter 
aids, and mineral fil- 
te 


rs 

Cellulose acetate 
plasticizers 

Hydroxyethyl cellulose 


Chemical blowing agent 
for plastics and rubber 
Molded macerated plastic 


with 


Amercoat Corp. 

Schramm 
Products Inc. 

eg Coated Fabrics 


B. a Chemical Co., 


Fiberglass 


B. B. Chemical Co., 
Rand Rubber Co. 
Griffin, Campbell, Hayes, 
Walsh Inc. 
Textileather Div., The 
General Tire & Rubber 


Co., 
Rubber & Asbestos Corp. 
> Mfg. Corp. 
IL du Pont de 
~ oe. & Co., Inc. 
Sullivan Chemicals 


Firestone Plastics Co., 


Shawinigaa Resins Corp., 


Chemical Development 
Corp. 

Cast Optics Corp. 

Cast Optics Corp. 

Godfrey L. Cabot Inc., 

Godfrey L. Cabot Inc., 


Cadillac Plastic & Chemi- 
cal Co. 


Cadet Chemical Corp., 


Furnace Plastics Inc., 


James Lithgow Co., Inc. 
The Calci 
Div. 
Marble Co. 
es. Sons 
* Sons 


Campco Div., Chicago 
Molded Products Corp., 
Kehr Products Co. 


E. I. du_ Pont de 
Nemours & Co., Inc., 

Cc. J. Osborn Co. 

Godfrey L. Cabot, Inc. 


Carbide and Carbon 
Chemicals Co., 

Carlon Products Corp. 

Hart-Carter Co. 


m Products 
e Georgia 


Corp., 


Corp., 


Harry 
me 
Harry 


The Borden Co., Chemi- 
D 


cal Div. 
The Borden Co., Chemi- 
cal Div., 


The Borden Company, 
Chemical Div., 

The Borden Co., Chemi- 
cal Div., 

Catalin Corp. of America 


Celanese Corp. of Ameri- 
ca, Plastics Div. 


E. I. du Pont de 
Nemours & Co., Inc. 

Johns-Manville 

Dynamit-Actien - Gesell- 
schaft 

— Carbon Chemi- 

Naugatuck "Chemical Div., 
U. S. Rubber Co. 

Continental - Diamond 


Fibre, Div. of the Budd 
Co., Ine. 
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TRADE NAME 





NATURE OR TYPE OF 
PRODUCT 


COMPANY & ADDRESS 


TRADE NAME 


NATURE OR TYPE OF 
PRO 


DUCT 


COMPANY & ADDREss 





Century Brand 
Certus 
Chemclad 
Chemelec 
Chemfast 
Chemigum & 
Chemigum latices 
Chemiseal 
Chemlon 
Chem-o-glas 
Chem-o-sel 


Chemrok 


Chilton Precess 


Chlorowax 


Chromacyl 
Chromecote 
Chromolox 
Clarite 
Claw-Toeth 
Clepce 
Clevelon 
Clopane 
Cobex 
Coblak 
Coethloblak 


Colfoam 


Collacral 


Col-o-foam 


Col-o-tex 


Col-o-vin & 
Col-o-hyde 


Conncord 


Conoco 


Conolite 
Conolon 
Continental 
Continex 
Contour-Matie 
Cordfil 


Corde 


Cordebond 
Cordeflex 
Cordoglas 
Cordopreg 
Co Res Ce 


Coresinblak 
Corobex 


Corevit 
Cerpolin 


Corvel 
Cosmalite 


Cosme-chrome 
Cosmos 


Cosol 
Coverlac 


Cresline 
Crest-Feam 


Croden 


Fatty acids 
Vinyl resin adhesives 


Vinyl insulation 


Tefion with additives 
Epoxy resin, chemically 
resistant paint 
Butadiene/acrylenitrile 
rubber and latices 
Plastic film; fluorocar- 
ns; r and tubes; 
nylons; rigid sheets 
Fabricated Teflon prod- 


ucts 
Reintevesd plastic build- 


ng panels 

Vin plastisols for mold- 
ing, coating, etc. 

Chemically resistant 
plastic for electroplat- 
ing apparatus 

Mechanical inlaying of 
metal ; metallizing rigid 
sheets or shapes 

Chlorinated paraffin wax; 
liquid and _ resinous 
grades 

Dyes 


Chrome-colored vacuum 
metalized finish 
Electric meating equip- 


ment 

Heat and light stabilizer 
for vinyl 

Positive angle saw tooth 
blade 

Radiant heaters; 
sion heaters 

Petroleum polymer mold- 
ings 

Clear vinyl film 

Rigid vinyl copolymer 

Carbon black dispersions 

Carbon black dispersions 

Urea formaldehyde 
spheres for foams, etc. 

Thixothropie agent for 
dispersions and for the 
production of specialty 
adhesives 

Unsupported plastic sheet 
laminated to polyure- 
thane foam 

Pyroxylin coated fabric 


immer- 


Vinyl coated fabric and 
snoupperted sheet and 


Plastio- coated rope 


Secondary lasticizer 
for PVC resin formu- 
lations 

Polyester 
laminates 

Preimpregnated laminat- 
ing materials 

Carbon black 

Carbon black 

Variable band 
machines 

Random cut cotton, 
rayon, or nylon cord 

Laquer coatings for bond- 
ing, laquer coatings for 
plastic sheeting 

Special purpose 
hesives 

Protective coatings 

Plastic See & com- 
—_— for impregnat- 


— er 
glass fabrics 
Corrosion resistant coat- 


resins § and 


sawing 


ad- 


fibrous 


ngs 
Carbon black dispersions 
Bacteriostatic and fun- 

istatic compounds 
Cold setting core binders 
Industrial humectant or 

paper plasticizer 
Fusion bond finishes 
Phenol-formaldehyde res- 


in 

Applique-process for 
plastic film 

Electronic sealing ma- 
chines 

Hydrocarbon solvent 
Solvent type protective 
coating compounds 

Plastic pipe 

Vinyl foam 


Industrial cestrentnting 
o ar chromium, 
copper nickel, tin, sil- 
ver, etc.; on machinery 
(e.g. embossing rolls, 
molds, ete.) 


Harchem Div., Wallace & 
Tiernan Inc. 
Monite Waterproof Glue 


Carolina Industrial Plas- 
_. Div., Essex Wire 


united States Gasket Co., 
Truscon Laboratories 


Goodyear Tire & Rubber 
Co., Chemical Div. 

U.S. Gasket Co., Plastics 
Div., Garlock Packing 

Crane Packing Co., 

Chemold Co., 

Chemical Products Corp. 


The Richardson Co. 
Plastic Inlays Inc. 


The Diamond-Alkali Co. 


- du Pont de 
Nemours & Co., Ine. 


The Eyelet Specialty Co., 

Edwin L. Wiegand Co. 

National Lead Co. 

The DoAll Co. 

Cleveland Process Co. 

Plymouth 
Products Inc. 

Clopay Corp. 

B. X. Plastics Ltd. 

Columbian Carbon Co., 


Columbian Carbon Co., 
Colton Chemical Co. 


Badische Anilin- & Soda- 
Fabrik 


Industrial 


Columbus Coated Fabrics 
Corp. 


Columbus Coated Fabrics 


orp. 
Columbus Coated Fabrics 
Corp. 


Jessall Plastics, Div. 
Electric Storage Bat- 


tery Co. 
Continental Oil Co., 


Shellmar-Betner 
Continental Can 

Narmco Resins & Coat- 
ings Co. 

Witco Chemical Co. 

Witco Chemical Co. 

DoAll Co., The 


The Rayon Processing 
Co. of Rhode Island, 
Cordo Chemical Corp., 


Div., 


Cordo Chemical Corp., 


Cordo Chemical Corp. 
Cordo Chemical Corp., 


Cordo Molding Products 
Inc. 
Cordo Chemical Corp. 


Columbian Carbon Co., 
Bex Industries Inc. 


Reichhold Chemicals Inc. 
Heyden Chemical Corp., 


Polymer Corp. 

Colton Chemical Co. 

Cosmos Electronic Ma- 
chine Co. 

Cosmos Electronic Ma- 
chine Corp 

Neville Chemical Co., 

Spraylat Corp. 


Crescent Plastics Inc. 
Crest Chemical Industries 

rp., 
Chromium Corp. of 
America 


Cross Tensilite 
Cryptone 
Crystal clear 
Crystal Seal 
Crystolon 
Cub-line & 


Cub-printer 
Cumar 


Cyclomatik 


Cyclon 


Cycolac 
Cymac 


Cymel 


Cyzac 


D.C. 
DG “79"" 


DLP 


DPR 
DS-207 
Dacron 
Dake 
Dapon 


Darex 


Davis-Standard 
Daxad 


Daycor 
Decalin 
Decarlite 
Decradall 


Dekoron 
Delrin 


Denflex 


Den-Nex 
Densite 


Devcon 


Dexstar 
Diagen 
Diall 
Diamond 
Diatel 


Dilecte 


Dimetcote 
Diofan 


Diorid 
Dipentek 


Disogrin 
Dispersite 


Domepak 
ray 


Dorn 


Doven 


Portable s ht knife 


ine for 


round knife 
machine for 


plastics 
Acrylonitrile-butadiene - 
styrene copolymer 
Methylstyrene molding 
compounds 
Melamine molding com- 
nds, adhesive, and 
aminating resins 
Laminating resins 


D 


Vinyl coated on 
bor 


sides 

Colorant with light 
transmission for poly- 
styrenes 

Monofilaments, multifila- 
ments, bbon yarns, 
ete., from linear poly- 


olefins 

Natural depolymerized 
rubber 

Stabilizer lubricant for 
vinyl chloride 

Polyester fiber 


Presses 
Homopolymer of diallyl 
phthalate 


cloth 
id 


Plasticizer ; polyvinyl! ace- 
tate emulsion; high 
styrene copolymer la- 

high styrene co- 
polymer resin 

Thermoplastic and rub- 
ber extruding machine 
and accessories 

Dispersing agents 


Corrugated and flat sheet 
for non-structural uses 
Solvent 


Decorative high-pressure 
laminate 

Decorative, formable 
polyester rigid sheet 

Plastic extrusions 

Acetal resin 


plastisols 
primers 
Hand cleaning compound 
Gypsum cement 


and 


Metallic-plastic 
pounds for 
mol 

Long fibre specialty pa- 
pers 

Dyes 


com- 
making 


Dially] phthalate molding 
compounds 
Vulcanized fibre 


Denatured 
vent 


alcohol _sol- 
Laminated phenolic 


Protective coating 

Polyvinylidenechloride 
emulsion 

Polyvinylidene chloride 
for filaments 

a ~ meneeeenenen techni- 


Urethane 
Aqueous dispersions of 
rubber 


Blister packages 
Metalized Mylar 


films 
and laminates 

Vinyl film and sheeting 
and coated fabrics 

Slitting, cutting ma- 
chines; sheeting equip- 
ment ; ‘rewinders ; auto- 
matic tension un- 
win 


BS yitt-Gisctehed Films 
ne. 

The New Jersey Zinc Co, 
Jacobson Mfg. Co. 

Gits Molding” Corp., 


Norton Co., 


Wolverine Paper Con. 
verting Machine Corp. 
Plastics & Coal Chemica] 
Div., Allied Chemica] 


Corp. 
H. Maimin Co. Inc. 
H. Maimin Co. Inc. 


Marbon Chemical Diy, 
Borg-Warner Corp. 
American Cyanamid Co, 


American Cyanamid Co., 
Plastics and Resins Div. 


American Cyanamid Co, 


S. I. Jacobson Mfg. Co. 
Sheffield Plastics Inc. 


Dawbarn Bros., Inc. 


H. V. Hardman Co., Ine, 
National Lead Co. 


E.I. du Pont de Nemours 
& Co., Inc. 

Dake Corp. 

FMC Organic Chemicals 
Div., Food Machinery 
& Chemical Corp. 

Dewey and Almy Ss 4 

cal Co., Div. of W. R. 
Grace & Co. 


Davis-Standard, Div. of 
Franklin Research 
Corp. : 

Dewey and Almy Chemi- 
cal Co., Div. of W. RB. 
Grace & Co. 

Strick Plastics Co. 


E. I. du Pont de Nemours 
& Co., Inc. 

Decar Plastic Corp. 
Woodall 
Ine. 

Samuel Moore & Co. 
E. I. du — de Nemours 


& Co., In 
Dennis Chemical Co. 


Dennis Chemical Co. 
: Certain-Teed 


Industries, 


orp. 
TT evelopment 


C. H. Dexter & Sons, 


Ine. 
E. I. du Pont de Nemours 
Co., Inc. 
Mesa Plastics Co. 


i | a 
Fibre Cor 

U. 8. Industrial Chemi- 
cals Co., Div. of 
tional Distillers 
Chemical Corp. 

Continental-Diamond 
Fibre Corp. 

Amercoat Corp 

Badische Anilin- & Soda- 
Fabrik AG 

Heyden Chemical Corp. 


Heyden Newport Chemi- 

Di = or dustries Inc. 
ao n Industri 

U.S. Rubber Co. 


Plastic Artisans Inc. 

The Dorrie Process Co., 
Inc. 

Gordon-Lacey Chemica! 
Products Co. Inc. 

Appleton Machine Co., 
Doven Div. 








NATURE OR TYPE OF 
PRODUCT 


COMPANY & ADDRESS 





TRADE NAME 


Dow Corning 
Dowding 


Drapex 
Dritherm 


Drycol 
Dry-Flo 


Dryply 


Duco 


Dulux 


Duol 
Duponol 
DuRaFoam 
Duralon 
Duran 
Duratex 
Durethene 


Durex 
Durez 


Durite 


Duxkin 
Dyal 


Dyfoam 
Dylan 
Dylene 
Dylite 
Dymal 
Dynatherm 
Dyphene 


Dyphenite 


Dyphos 


Dypol 
Dythal 


Dytron 


Easton 


Eccobild 
Eccobond 
Eccocoat 
Eccofoam 
Eccomold 
Eccoseal 
Eccosorb 
Elastex 
Elestofoam 


Elastolex 


Eldo 
Eldoplast 
Electronheat 
Elf 

Elftex 
Elmer’s 


Elmes 


Elprine 
Elvacet 
Elvanol 
Emerox 


Emersol 
Emery 


Silicones 
Automatic injection 
molding machines 

Plasticizers 

Infra-red drying equip- 
ment 

Pigments 
plastics 

Free flowing 


for coloring 


dusting 


powder 

Preimpregnated polyes- 
ter-fibrous glass cloth 
and mat 

Enamels, finishes, 
quer sealers 

Enamels, finishes, paints, 
varnishes, and foam 
resin 

Pigments 


lac- 


Sodium 
and 
agents 

Prefoamed epoxy blocks 

Furane Resins 

Vinyl upholstery 


sulfate 
active 


lauryl 
surface 


Supported vinyl fabric 


Polyethylene thin-wall 
tubing and sheeting 

Pipe and fittings 

Phenolic, lyester, and 
diallyl phthalate mold- 
ing compounds; phen- 
olic resins 

Synthetic resins 


Vinyl film and sheeting 
Alkyd and _styrenated 
alkyd resins for coat- 
ings 
Foam plastic insulation 
Polyethylene 
Polystyrene 
Expendable 
Maleic 


polystyrene 
resins for coat- 


ings 
Dielectric heating equip- 


men 

Phenol formaldehyde res- 
ins for coatings 

Phenol formaldehyde 
modified resins for 
coatings 

Heat, light, and outdoor 
weathering stabilizer 
for vinyl chloride 

Polyester resins 


General-purpose heat and 
light stabilizer for 
vinyl chloride 

Laminated fabric 


E 


Rigid pipe and tubing 


Tooling resins 
Adhesives 

Surface coatings 
Foam products 
Laminating resins 
Impregnants 
Absorbers 
Plasticizer 


Vinyl 
poun 

Elastic fabric supported 
viny 


plastisol com- 


Methyl esters and fatty 
acids 
Plasticizer 


Dielectric preheating 
generators 
Medium color 
earbon blacks 
Oil furnace carbon 
blacks 
Adhesives 


channel 


Hydraulic and 


equipment 


presses 


Rubber-base coating 

Polyvinyl acetate emul- 
sion 

Polyvinyl alcohol 


Dibasic acid 

Stearic and oleic acids 

Fatty acids and oleic 
esters 


Dow Cornin 
Dowding & 


Argus Chemical Corp. 
North American Electric 


Corp. 
‘oll Ltd. 


Lamp Co. 
Gering Products Inc. 
National Starch Prod- 
ucts, Inc. 
Flexfirm Products 


. du Pont de Nemours 
Co., Ine. 
. du ‘Pont de Nemours 
Co., Ine. 


. du Pont de Nemours 
Co., Inc. 
. du Pont de Nemours 
Co., Inc. 


D & H Pilot Plants, Inc. 
U. 8. Stoneware Co. 
Masland Duraleather Co., 


e 

Textileather Div., Gen- 
eral Tire & Rubber Co. 

Koppers Co., Inc. 


Franklin Plastics, Inc. 
urez lastics Div., 
Hooker Electrochemi- 
cal Co. 


The Borden 
Co., Div. The 
Co. 

Harte & Co., 

The 
Co, 


Chemical 
Borden 


Inc. 
Sherwin-Williams 


Dyfoam Corp. 

Koppers Co., Inc. 
Koppers Co., = 
Koppers Co., In 

The Sherwin- w illiams 


Co. 
Guild Electronics, Inc. 


The Sherwin-Williams 


Co, 
The 
Co. 


Sherwin-Williams 
National Lead Co. 


The Sherwin-Williams 


Co. 
National Lead Co. 


Dynamit-Actien-Gesell- 
schaft 


Mannesmann-Easton 
Plastic Products 
Co. Ine. 

Emerson & 

Emerson & 

Emerson & 

Emerson & 

& 
& 


Cuming, Inc. 
Cuming, Inc. 
Cuming, Inc. 
Cuming, Inc. 
Cuming, Inc. 
Cuming, Ine. 
Cuming, Inc. 
Coal Chemi- 
Allied Chem- 


Emerson 
Emerson 
Emerson & 
Plastics & 
cals Div., 
ical Corp. 
Elastomer Chemical 
Corp., Div Bakelite Co. 
Textileather Div., The 
General Tire & Rub- 
ber Co. 
veers Food & Chem- 
ical 
vaanas Food & Chemi- 
cal Co. 
Resdel 
Corp. 
Godfrey L. 


Engineering 


Cabot, Inc. 


Godfrey L. Cabot, Inc. 
The Borden 
eal Div. 
Elmes Engineering Div., 
American Steel Found- 


Co., Chemi- 


ries 
Atlas Mineral Products 


0. 
E. I. du Pont de Nemours 


Co., Ine. 
E. I. du Pont de Nemours 
& Co., Ine. 
Emery Industries, 
Emery Industries, 
Emery Industries, 


Inc. 
Inc. 
Ine. 


TRADE NAME 


NATURE OR TYPE OF 
RODUCT 


COMPANY & ADDRESS 





Emfac 
Emhart 


Empol 
Emulphor 


Emu-Pulver 120 FD 


Endura 
Engravograph 


Ensolex 
Ensolite 


Epibond 
Epilote 
Epiphen 


Epi-Rez 
Epi-Tex & Epi-Var 
Epocap 
Epocast 


Epolene C 


Epon 


Epon Curing Agent 
Eponite 

Eposet 

Epotuf 

Epoxical 

Epoxylite 


Erdco 
Estynox 


Ethocel 
Ethylac 


Evenglo 
Everflex 


Everlite 


Everwhite 
Evr-Kleer 
Exact Weight 


Excelsior 
Exon 


Extrudalite 
Extrudo-Film 


Extru-lite 
Extrulon 
Extruvin 


FA 
50-B 


F.1.M.S.A.I. Spa 


Fabmat 


Fabrez 
Febricfil 
Fabrikoid 
Fabrilite 
Fade-Ometer 


Fairlite 
Fairprene 


Fairylite 


Farlite 


Monobasic acids 

Vacuum forming 
chines 

Dimer acids 

Surfactant; emulsifying 
agent; latex stabilizer ; 
antistatic agent 

Styrene-containing mixed 
polymers for the pro- 
duction of aqueous 
dispersions for paints 

Impregnated and coated 
papers 

Portable and bench type 
engravi machines 

Cellular plastic material 
in sheet form or ex- 
truded shapes 

Cellular vinyl in sheet 
form and _ extruded 
shapes 

Synthetic resins for use 
in adhesives 

Epoxy resin 

Epoxide resins 


ma- 


Epoxy resins 

Epoxy ester resins 

Epoxy casting and coat- 
ing compounds 

Casting, bonding, 
laminating resins 

Low-melt polyethylene for 
casting and slush mold- 
ing 

Epoxy resin for coatings, 
potting laminating, ad- 
hesives, and tool and 
die fabrications 

Hardeners for epoxy res- 
in systems 

Resin for textile finish- 


and 


ing 

Epoxy setting compounds 

Epoxy resins 

Resins for tooling and 
adhesives 

Epoxy _—irresin 
tions 

Blister sealing machines 

Epoxy or acetoxy fatty 
ester plasticizers 

Ethyl cellulose 

Vulcanizing agent 


formula- 


Polystyrene 
Vinyl acetate copolymer 
emulsion 


Reinforced polyester fi- 
rous glass—fiat and 
corrugated 

Light stable polystyrene 

Cast acrylic sheets 

Scales—industrial 
commercial 

Carbon black 

Raw or partly prepared 
plastic resins in the 
form of powders, gran- 
ules, pellets, plastisols, 
or lattices 

Extruded sheets 

Wraps, films, 
tubes, and 
plastic 

Extruded thermoplastics 

For polyvinyl chloride 

For polyvinyl chloride 


and 


sheets, 
rolls of 


F 


Furfuryl] alcohol 
Plasticizer 


Injection molding ma- 
chines, ydraulic 
pumps, and hydropneu- 
matic accumulators 

Woven roving and me- 
chanically bonded glass 
mat, combined 

Urea-formaldehyde 
tile resins 

Chopped fabrics for filler 
in plastics 

Pyroxylin-coated 


tex- 


fabrics 

Vinyl-coated fabrics 

Testing apparatus for 
accelerated fading 

Cellulose derivative 

Synthetic rubber-coated 
fabrics 

Plastic cellulose deriva- 
tive in Class 1—raw or 
partly prepared mate- 
rials 

Decorative and industrial 
high-pressure laminate 


Emery Industries, Inc. 

Emhart Mfg. Co., Stand- 
ard-Knapp Div. 

Emery Industries, Inc. 

Antara Chemicals, Div. 
of General Aniline & 
Film Corp. 

Badische Anilin- & Soda- 
Fabrik AG 


Endura Corp. 


New Hermes Engraving 
Machine Corp. 
United States Rubber Co. 


United States Rubber Co. 


Furane Plastics, Inc. 

Shell Chemical Corp. 

The Borden Chemical 
Co., Div. The Borden 
Co. 

Jones-Dabney Co. 

Jones-Dabney Co. 

H. V. Hardman Co. Inc. 


Furane Plastics, Inc. 


Eastman Chemical Prod- 
ucts, Inc. 


Shell Chemical Corp. 


Shell Chemica] Corp. 
Shell Chemical Corp. 


H. Hardman Co. Inc. 
Heichheld Chemicals Inc. 
U.S. Gypsum Co. 


The Epoxylite Corp. 


Erdco Engineering Corp. 

The Baker Castor Oil 
Co. 

Dow Chemical Co. 

Pennsylvania Salt Manu- 
facturing Co. 

Koppers Co., Inc. 

Dewey and Almy Chemi- 
cal Co., Div. of W. R. 
Grace & Co. 

Everlite Corp. 


Sheffield Plastics, 
Cast Optics Corp. 
Exact Weight Scale Co. 


Inc. 


Columbian Carbon Co. 
Firestone Plastics Co. 


Rotuba Extruders, Inc. 


Extrudo Film Corp. 


Rotuba Extruders, Inc. 
Omni Products Corp. 
Omni Products Corp. 


The Quaker Oats Co. 

Plastics & Coal 
Chemicals Div. 
Chemicals Corp. 

F.1.M.S.A.I. Spa 


Allied 


Fiber Glass Industries, 


Inc. 
Reichhold Chemicals, Inc. 


The Rayon Processing 
Co. of Rhode Island 
E. I. du Pont de Nemours 

& Co., Inc. 
E. I. du Pont de 
Nemours & Co., Inc. 
Atlas Electric Devices 


Co, 

Shoe Form Cc., 
E. ie du Pont 
Nemours & Co., 

Shoe Form Inc. 


Inc. 
de 
Inc. 


Plastics Div., Farley & 
Loetscher Mfg. Co. 


1182 





TRADE NAME 


Farrel 
Farrel-Birmingham 
Fassion 

Feather Brand 


Federan, Federlon, 


Fedwall 
Fedlastic 
Fedroid 


Fenalac 


Ferro 


Ferrotron 
Fibercore 
Fiberesin 

Fiberite 


Fiberthin 
Fibrez 


Filflox 
Filfrac 


Filon 


Firco 


Fire-Snuf 


Flaw master 


Flexbond 
Flexol 
Flexo-printer 
Flexricin 
Flexrite 
Flexstron 
Flomax 
Florence 
Fluoroflex-C 
Fluoroflex-T 
Fluoroseal 
Fluorosint 


Fluran 
Foramine 


F orasite 
Formacurve 


Formadall 


Format 
Formold 
Formvar 
Forticel 
Fortifiex 


Fosta Nylon 
Fostarene 


Fosta Tuf-Flex 
Foundrez 
Franklin 


Fray-No-Therm 
Freeloader 


1184 


NATURE OR TYPE OF 
PRODUCT 


COMPANY & ADDRESS 


TRADE NAME 





NATURE OR TYPE OF 
PRODUCT 


COMPANY & ADDRESg 





Mills, calenders, extru- 
ders 

Mills, calenders, extrud- 
ers 

Vinyl coating 

Balsa cores for rein- 

forced plastics 


Vinyl-coated fabric 
Vinyl-coated jersey 
Pyroxylin-coated fabric 


Organic pigments used 
in coloring plastics 


PVC heat and light sta- 
bilizer; organic inhi- 
bitors; expoy  stabil- 
izers; blowing agent 
catalysts; and colors 

Magnetic plastic mate- 
rials 

Fibrous glass reinforced 
molding compounds 

Laminated decorative 
board and panel stock 

Reinforced phenolic and 
melamine molding ma- 
terials 

Coated textile fabric 

Fibrous glass and premix 
molding compounds 


Random cut fiber 
filler in plastics 
Cut cotton fibre 


for 


Fibrous glass and nylon 
reinforced polyester 
building and decora- 
tive panels and glaz- 
ing panes. The meth- 
ods and equipment re- 
quired in the continu- 
ous manufacturing 
process for making 
laminates 

Plastic treatment 
fire hose 

Flame-retardant, 
lucent polyester struc- 
tural panels 

A thermosetting com- 
pound used to reclaim 
metal parts and cast- 
ings 

Polyvinyl 
sion 

Plasticizers 


for 


trans- 


acetate emul- 


Flexographic printing 


press 
Fatty ester plasticizers 
Lacquer colors 
filament 
tape for 
packaging 
Liquid heat and 
stabilizer for 
Zine oxides 


Rod, sheet, and tubing 
made from Kel-F 

Hose, rod, sheet, 
tubing of Teflon 

Teflon-base thread com- 
pound 

Reinforced TFE-fluoro- 
earbon resin 

Fluorocarbon products 

Urea-formaldehyde par- 
ticle board adhesives 

Phenol - formaldehyde 
particle board adhesives 

Formed decorative lami- 
nate 

Reinforced polyester pre- 
micsisal, glass, and/or 
synthetic fibers) 

Mechanically bonded glass 
mat 

Die steel 


reinforced 
heavy duty 


light 
vinyl 


and 


Polyvinyl formal resins 

Cellulose propionate 
sheet films, molding 
powders 

Linear polyethylene 


Nylon resin 
Polystyrene 
powders 
High-impact polystyrene 
Urea-formaldehyde and 
phenol - formaldehyde 

foundry resins 
Hard vulcanized fibre 


molding 


Heat sealable coating 
Automatic blow-loading 
machinery 


Co. 
Co. 
Co., 


Farrel-Birmingham 
ne. 
Farrel-Birmingham 
c 


ne. 
M. - Fassler and 


In 
Ruteruntionsl Balsa 
Corp. 


Div. 
Div. 
Div. 


Co., 
Ani- 


Federal Industries, 
of Textron, Inc. 
Federal Industries, 
of Textro Ine., 
Federal Industries, 
of Textron, Ine. 
General Dyestuff 
iv. of General 
line & Film Corp. 
Ferro Chemical Corp. 


The Polymer Corp. 
Plumb Chemical Corp. 
Fiberesin Plastics Co., 
The Fiberite Corp. 


United States Rubber Co. 

General Plastics Corp. 
and General Fiber Inc., 
Div. of General Plas- 
ties Corp. 

The Rayon Processing 
Co. of Rhode Island 

Rayon Processing Co. of 


R.I. 
Filon Plastics Corp. 


General Plastics Mfg. Co. 


Resolite Corp. 


Carl H. Briggs Co., Ine. 


Colton Chemical Co., Div. 
Air Reduction Co., Inc. 

Carbide and Carbon 
Chemicals Co. 

Wolverine Paper Con- 
verting Machine Corp. 
e Baker Castor Oil 
Co. 

Flexcraft Industries 

Mystik Adhesive Prod- 
ucts, Ine. 


National Lead Co. 

New Jersey Zine Co., 
The 

Resistoflex Corp. 

Resistoflex Corp. 

Industrial Plastic Fabri- 
eators, Inc. 

The Polymer Corp. 


U. Stoneware Co. 
Reichhold Chemicals Inc. 


Reichhold Chemicals Inc. 
Pine-Wood Plastic Co. 
Woodall Industries Inc. 


Industries, 


Co. of 


ah Glass 


Crucible 
America 

Shawinigan Resins Corp. 

Plastics Div., Celanese 
Corp. of America 


Plastics Div., Celanese 
Corp. of America 

Foster Grant Co., Ine. 

Foster Grant Co., Ine. 


Steel 


Foster Grant Co., Inc. 
Reichhold Chemical Corp. 


Franklin Fibre-Lamitex 
Corp. 
Farrington Texol 


Corp. 
Whitso Ine. 


Frostwhite 
Fuse Film 
Fyberold 


Fybrglas 


G-K 
GRC 
Gala 
Galorn 
Gamace 
Garako 


Garalease 
Garalun 


Garalyst 
Garan 
Garan Finish 


Garanized 
Garnet H. T. 


Garox 
Gel-Kote 
Gelva 
Gelvatex 


Gelvatol 
Gemwood 


Gen-Flo 
Gen-Mix 


Genolon 


Genotex 
Genotherm 
Geno-tubing 
Gen-Tac 
Genton 


Geon 


Gentron 


Ger-Flex 
Gerlite 
Ger-Pak 
Ger-Tube 
Gileo 


Glas-Bond 
Glaskyd 


Glastic 
Glasticote 


Glidpol 


Glitex 
Globlak 
Glopaque 
Glykon 
Glyptal 


Goldcote 
Golpanol 


Goodallite 
Good-rite 


Light, stable, medium- 
impact polystyrene 
Film and film laminate 
H grade _ insulating 
(“Fish Pa- 


Repair kits 


. 
G 
Pipe joint compound 


Tiny injection molded 
thermoplastic parts 
Casein 

Casein 

Natural  caleium 
bonate extender 


car- 


Acelerators for polyester 
resins 

Release agent films 

Aluminum oxide paper 


Photopolymerization pe- 
roxides (catalyst com- 
position) 

Glass fiber roving 
Sizing for glass fiber 
roving 

Glass fiber roving 

Heat treated garnet 


Peroxides 
for polyester 
Polyvinyl acetate resins 
Aqueous polyvinyl acetate 
emulsions and paint 
bases and paints 
Polyvinyl alcohol resins 
mina sheets -con- 
sisting of pregwoods 
combined with plastic 
sheets (acrylic, phenol- 
ic, acetate, etc.) 
Styrene-butadiene latex 


Reinforced pre-mix plas- 
t 


ics 

Hard, unplasticized vinyl 
copolymer film and 
sheet 

Yarn for weaving of plas- 
tic textiles 

Hard, unplasticized PVC 
film and sheet 

Hard, unplasticized PVC 
lay flat tubing 

Rubber-to-fabric vinyl 
pyridine adhesive dip 

Aqueous dispersions of 
nylon 

Vinyl resins, casting ma- 
terials, emulsions and 
dispersions; viny] base 
and rubber base; viny! 
chloride, vinyl chlo- 
ride-vinylidene, other 
vinyls 

Fluorinated hydrocarbon 
monomers and poly- 


mers 
Vinyl tubing 
Acrylic sheeting 
Polyethylene film 
Polyethylene tubing 
Polystyrene and 
ethylene sheet 
Adhesive 
Glass-reinforced alkyd 
molding compound 
Glass-reinforced plastic 
Cleaner-polish-protective 
coating; silicone oil 
and wax mold release 


poly- 


nts 
Basic material for mold- 
ing, laminating, ete., 
of reinforced plastic 
products 
tubing or 
apes 
Carbon black dispersion 
Polyester and _ acrylic 
ts and blanks with 
pearl effect 
Polyester resin 


resin-base 
pain varnishes, 
enamels, alkyd resins 


Pigmented 


for 
anticorro- 


coating 
and 
sive metal 
Vinyl-coated fabric 
Hydrophilic polymers, 
monomers, ozonic aci 
and chemical ,,inter- 


phathalates, 
rubber 





synthetic 


Sheffield Plastics Inc, 


Velveray Corp 

Wilmington "Pibr Spe 
cialty Co. 

Schramm Fil 
Products, Inc. 


a rglass 


Atlas Mineral Products 


0. 
Gries Reproducer (orp, 
George Morrell Corp 
George Morrell Corp. 
The Calcium Produets 
iiv., Georgia 
Marble Co. 
Garan Chemical Corp 


Garan Chemical Corp. 

Armour 0., Coated 
Abrasives Div. 

Garan Chemical Corp 


L.O.F. Glass Fibers Co, 
The General Tire & Rub- 


r Co. 

L.O.F. Glass Fibers 

Armour & Co., 
Abrasives Div. 

Garan Chemical Corp 

The Glidden Co. 


Shawinigan Resins Corp. 
Shawinigan Resins Corp. 


Co. 
Coated 


Shawinigan Resins Corp 
Gemwood Corp. 


Chemical Div., Gene 
Tire Rubber Co. 
The General Tire & Rub- 

ber Co. 
Anorgana G.M.B.H 


Anorgana G.M.B.H 
Anorgana G.M.B.H 
Anorgana G.M.B.H 
Chemical Div., Ger 
Tire & Rubber © 
General Dispersions 


B. F. Goodrich Ch« 
Co. 


eral 
Ine 


mical 


General Chemical Div., 
Allied Chemica! Corp 


Gering Products In: 
Gering Products Ir 
Gering Products In 
Gering Products Inc. | 
The Gilman Brothers Co 


Polymer Industries, In 
Glaskyd, Inc. 


The Glastie Corp. 
Industrial & Domestic 
Silicone Distribut: 


The Glidden Co. 


Genesee Laborator 


Columbian Carbon ‘ 
US. Plastic PF 
Corp. 


Chemical Div., 
Tire & Rubber C 

Chemical Materia!» 
Dept., Genera) Fle 
trie Co. , 

The Eyelet Specialty ©° 


Badische Anilin- & 
Fabrik AG 


Goodall-Sanford In: 
B. F. Goodrich Ch« 


Co. 





TRADE NAME 


Gravo 

Grex 

Grieve Hendry 
Grip-Flex 


Griptex 
Guard 


Gummon 
Gusco 


Guttagena 


Guttana-Glasklar 
Gu-Tubing 


Gymseal 


Halowax 
Hammermatic 


Harflex 
Harmon 


Hartex 
Hasko-Struct 


Haveg 

Haysite 

Heatrex 

Heilex 

Heirloom 

Heliogen 

Heliozone 

Helix Bonding 
Agent 

Helix Flawmaster 

Hemit 


Hercocel 


Hercoflex 
Hercolyn 


Hercules 
Herecrol 


Heresite 


Hetron 


Hexcel 
Hexcelite 


Hobe 


Honey Cobond 
Horse Head 


ostafion 


ydensel 
vdrawlik 
irite 





NATURE OR TYPE OF 
PRODUCT 


COMPANY & ADDRESS 


TRADE NAME 


NATURE OR TYPE OF 
PRODUCT 





Laminated aluminum 
and phenolic plastic 
engraving stock 

Flexible laminated en- 
graving stock 

High-density polyethy- 
lene 

Industrial and laboratory 
ovens and furnaces 

Resin coating for plas- 
tics 

Non-skid rug coating 

Vinyl-coated fabrie for 
wall covering 

Organic cold mold mate- 
ria 

Epoxy and epoxy-pheno- 
lic coatings 

Clear flexible and semi- 
rigid film and 
sheet 

Calendered and polished 
clear film 

ay flexible PVC tub- 

Clear phenolic floor 
finish 


H 


Chlorinated naphthalenes 
ir dry and baking 
enamels 

Plasticizers 

Color dispersions in res- 
ins and plasticizers 

Vinyl film and sheeting 

Sandwich material (poly- 
ester resin-impregnated 
fiber-glass bonded to 
expanded foam) 

Filled phenolic resin 

Reinforced polyester 

Clear and pigmented 
baking lacquer 

Plastic coatings 


Alkyd protective sme 
Phthalocyanine 
used in coloring vinet 
etc. 
Inhibitor 


Epoxy resin adhesive 


Epoxy resin-metal putty 

Inorganic cold mold ma- 
terial 

Cellulose acetate molding 
powder ; ethy] cellulose 
molding powder 

Plasticizers 


Hydrogenated methyl 
abietate 

Hot stamping presses 

Acrylonitrile-synthetic 
rubber 

Phenolic coatings 

Polyester resins 


Structural honeycomb 

Decorative paneling us- 
ing aluminum honey- 
comb and window 


glass 

High-density polyethy- 
lene molding powder 

Honeycomb before ex- 
pansion 

Adhesives 

Zine pigments and titan- 
ium dioxide pigments 

Fluoroethylene resins, 
polytrifluorochloroethyl- 
ene, and polytetrafiu- 
oroethylene 

Polyolefins, low-pressure 
polyethylene, polypro- 


lene 

Polyvinyl chloride emul- 
sion and suspension ma- 
terial 

Electric steam boiler 


Coated and waterproofed 
fabrics and film 
Contact adhesive 


Emulsions and _  disper- 
sions; rubber; buta- 
diene-styrene ; buta- 
diene-acrylonitrile; ac- 
rylate 

Modified ammonium 
polyacrylate solution 

Release papers 

Plastic tubin: 

Extender an 
pigment 


inert filler 


z 
New Hermes Engraving 
Machine Corp., Ine. 


New Hermes Engraving 
Machine Corp., Ine. 


Grieve-Hendry Co., 
Keystone Refining Co., 


ne. 
Adhesive Products Corp. 
Columbus Coated Fabrics 


Corp. 
Garfield Mfg. Co. 
A. Gushmer Ince. 


Anorgana G.M.B.H. 


Anorgana G.M.B.H. 
Anorgana G.M.B.H. 
McCloskey Varnish Co. 


Union Carbide Corp. 
Rexton Finishes Inc. 


Wallace & Tiernan, Inc. 
» — Goodrich Chemical 


Harte & Co., Ine. 
Haskelite Mfg. Corp. 


Haveg Industries, Inc. 

Hays Mfg. Co. 

Rexton Finishes, Inc. 

Heil 
Co. 

McCloskey Varnish Co. 

General Dyestuff Co., 
Div. of General Ani- 
line and Film Corp. 

E. I. du Pont de Nemours 
& Co., Inc. 

Carl H. Biggs Co., Inc. 


Carl H. Biggs Co., Ine. 
Garfield Mfg. Co. 


Process Equipment 


Hercules Powder 
Ine. 


Co., 


Hercules Powder Co., 


ne. 
Hercules Powder Co., 
Ine. 
Acromark Co., The 
Heresite & Chemical Co. 


Heresite & Chemical Co. 
urez Plastics Div., 
Hooker Electro-Chemi- 
cal Co. 

Hexcel Products, Inc. 

Hexcel Products, Inc. 


Hercules Powder Co. 
Hexcel Products, Inc. 


Swedlow Plastics Co. 

New Jersey Zine Co., 
The 

Farbwerke Boechst AG. 
vormals Meister Lucius 
& Bruning 


Farbwerke Hoechst AG. 
vormals Meister Lucius 
& Bruning 

Farbwerke Boechst AG, 
vormals Meister Lucius 
& Bruning 

Automatic Steam Prod- 


ucts Co. 

Associated Rubber & 
Plastic Corp. 

Pierce & —- Chemi- 
eal Cor 

“ Goodrich Chemical 


UBS Chemical Corp. 


Mosinee ay Hd Mills Co. 
Hydrawlik 
Georgia Keslin Co. 


Hydrocal & Hydro-Gypsum 
stone mol 


Hydromite 
Hydro-printer 


Hyfac 
Hylene 


Hypalon 
Hypervac 
Hysol 
Hy-tuf 


Hyvac 


Igepal 
Igepon 


Impco 


Im-plast 


Implex 
Inceloid 
Ind 


Instaset Plastics 
Insulfoam 


Insulstric 
Insultrue 


Interplastics 


Intraplast 
lolyte 


Tosol 
Iporka 
Irvington 
Irvinil 
Isanol 
Isobestos 
Isoflex 


Isolastane 


Isoglas 


Isolite 
Isomelt 


Isonel 
Isoplast 
Isoplex 


Ivo 


Jel-O-Mer 
Jet-Kote 
Joda 


Johnson’s Wax 
Jolite 
JRCO 98 


cements and 
material 

Resin gypsum mix for 
mold making 
Flexographic 

press 

Hydrogenated acids 
Organic isocyanates 


Synthetic rubber 


printing 


High vacuum pump 

Epoxy resin compounds 
and amine and anhy- 
dride hardners 

Alloy steel 


High vacuum pump 


Surfactant; emulsifier ; 
antistatic agent; wet- 
ting agent 

Surfactant ; 
agent 


wetting 


Plastics processing 
equipment 

High-impact, chemical 
resistant thermosetting 
materials 

Modified acrylic molding 
powder 

Plastic sheeting, adhe- 
sives, lacquers 

Thermosetting and ther- 
moplastic molding ma- 
terials 

Phenolic 
pounds 

Vinyl plastisols and or- 
ganosols 

Plastics 

Open-cell polyester foam 
thermal insulation 

Fibrous glass-polyester 
laminate 

Fibrous 
laminate 

Laminated plastic sheet, 
tubes, gears, blanks, 
washers, discs, special 
molded parts 

Thermoplastic 
powders 

Plastic sheeting 

Reinforced plastic fabri- 
cations 

Solvent soluble dyes 


molding com- 


glass-polyester 


molding 


Urea resin and foam 
and laminated 

oducts 
Polyviny! chloride resin 


Lacquer solvent 


Isocyanate (polyurethane) 
resin-coated asbestos 

Crack-resistant polyethyl- 
ene tubing 

Isocyanate (polyurethane) 
elastomer-coated glass 
cloth 

Isocyanate (polyurethane) 
resin-coa glass cloth 

Polyester resin 

Polyurethane wire 
enamel 

Polyester wire enamel 


Depolymerized rubber 

Duplex isocyanate (poly- 
urethane) resin-coated 
glass cloth 

Bone black 


J 


Citronella odorant 

Liquid alkyd resin and 
solutions for use as 
coating compositions 
and as_ vehicles in 
paints and enamels 

Alkyd resins and solu- 
tions 

Furane resin coatings 

Thermoplastic sheets 
and film 

Wax products used as 
mold release agents 

Bottles, jars, and con- 
tainers 

Polymeric amides homo- 
mized with internal 
ubricants 


COMPANY & ADDRESS 


United States 
0. 

United States Gypsum 
Co. 


Gypsum 


Wolverine Paper Con- 
verting Machine Corp. 

Emery Industries, Inc. 

E. I. du Pont de Nemours 
& Co.,, Inc. 

E. I. du Pont de Nemours 
& Co., Ine. 

Central Scientific Co. 

Houghton Laboratories, 
Inc. 


Crucible 
America 
Central Scientific Co. 


Steel Co. of 


Chemicals, Div. 
Aniline & 


Antara 
of General 
Film Corp. 

Chemicals, Div. 
of General Aniline & 
Film Corp., 

Improved Machinery Inc. 


The Richardson Co. 


Rohm & Haas Co. 
Mfg. 


Industrial Molded Prod- 
ucts Co., Inc. 


American Products 
Co. 


Pitt-Consol Chemical Co. 


Industrial Solvents & 
Chemicals Inc. 

Evans-Winter-Hebb Inc 

Robinson Foams Ltd. 


Cincinnati Development 
fg. Co. 

Cincinnati Development 
& Co. 


g- 
The Richardson Co. 


Interplastics Corp. 


Intraplast Mfg. Co. 

Schori Process, Div. Fer- 
ro-co Corp. 

National Aniline Div., 
Allied Chemical Co. 

Badische Anilin- & Soda- 
Fabrik AG 

Minnesota Mining & 
Mfg. Co. 

Great American Plastics 


0. 
Badische Anilin- & Soda- 
Fabrik AG 
Natvar Corp. 
Keystone Plastics, Inc. 


Natvar Corp. 


Natvar Corp. 


Schenectady Varnish Co. 
Schenectady Varnish Co., 


ne. 

Schenectady Varnish Co., 
ne. 

Rubber & Asbestos Corp. 

Natvar Corp. 


Columbian Carbon Co. 


Fritzche Brothers, Inc 
Alkydol Laboratories 
Inc. 


Alkydol Laboratories, 
Inc. 

Furane Plastics, Inc. 

Joseph Davis Plastics 
Co. 

Ss. C. 
Ine. 

Lermer Plastics, Inc 


Johnson & Son, 


Jim Robbins Co. 





TRADE NAME 


Kadox 


Kalite 


Kandar 
Kapsol 
Kaston 
Kauresin-Leim 
Kaurit-Leim 
Kel-F 
Kenflex 
Kenmix 
Kentrall 
Kentron 
Keracloth, 
& Kerato 
Keroseal 


Kessco 


Ketac 
Ketos 


Kevinite 
Kingcote 


Klearcor 


Kling-Seal 
Ko-Blend 
Kodapak Sheet (1) 
Kodapak Sheet (II) 


Kadapak Sheet (1V) 
Koloc 


Kopol 
Koresin 


Korez 
Koroseal 
Kotol 
Kralac 
Kralastic 
Krene 
Kromoplast 
Kronisol 
Kronite 
Krylon 


Kryolith 


Kunstharz 


Kure-Blend 
Kwik-Klamp 


Lactoid 
Ladcote 
Lamicoid 


Lamidall 


Laminac 
Lamin-Art 


Lamitex 


Larerylie 
Laromin 


1186 


pnt, 


NATURE OR TYPE OF 
PRODUCT 


K 


Zine oxides 


Precipitated calcium car- 
bonate, atty acid 
coated 

Thermoplastic 
emulsion 

Plasticizers (oleate) 

Phenolic casting resins 

Phenol-formaldehyde 
resins 

Urea-formaldehyde 


resin 


resin 


Fluorocarbon molding 
powder and products 

Synthetic hydrocarbon 
resin and plasticizers 

Rubber accelerator dis- 
persions 

Combination hardness 
testers 

Micro hardness testers 

Pyroxylin impregnated 
cloth 


Vinyl based 
materials 
Plasticizers, 
tive agents 
Ketone-aldehyde 
Tool steel 


fabricated 
surface ac- 
resin 
Decorative 


nate 
Cut cotton 


plastic lami- 


fibre 


Polyethylene pipe 
clear interior and a 
black extruded sheath 

Thermoplastic-coated 
sheet 

Insoluble 
master bate 

Cellulose acetate 

Cellulose acetate butyrate 

Cellulose triacetate 

Resin compositions 
cotton, rayon, and 
wool 

Processed congo copals 

Vinyl resin on a phenolic 
base for the rubber in- 
dustry 

Rubber-base coating 


with 


sulfex-GR- 


for 


Vinyl-coated fabrics, 
vinyl film and sheet, 
vinyl extrusions, plas- 
tisol compounds, etc. 

Resin solution for ad- 
hesives and castings 

Rubber compounding res- 
ins and plastic latices 


Molding 
powders 
latices 

Plasticized calendered 
vinyl chloride-acetate 
film and sheeting and 
cast vinyl film 

Dry colorant for thermo- 
plastics 

Dibutoxyethyl 
plasticizer 


and 
and 


extrusion 
flexible 


phthalate 


Tricresyl phosphate plas- 
ticizer 


Plastic coating 
Mineral filler 


Unsaponifiable synthetic 
resin, based on ketones ; 
alcohol-soluble resin 
for nitrocellulose 

Tetramethyl Thiuramdi- 
sulfide-GR-S 

Resin adhesive for struc- 
tural assemblies 


L 


Casein 

Thermoplastic compounds 

Laminated thermosetting 
sheets, rods, tu 


Decorative polyester lam- 
inate 

Polyester resins 

High-pressure melamine 
decorative laminates 

Laminated plastics in 
sheets, rods, tubes, 
screw machine parts, 
stampings, etc. 

Acrylic sheet 

Hardener for epoxies 


COMPANY & ADDRESS 


New Jersey Zine Co., 


e 
Diamond-Alkali Co., The 


U.S. Rubber Co. 


Ohio-Apex, Div. F. M. C. 

Poly Resins 

Badische Anilin- & Soda- 
Fabrik AG 

Badische Anilin- & Soda- 
Fabrik AG 

Minnesota Mining & 
Mfg. Co. 

Kenrich Corp. 


Kenrich Corp. 
The Torsion Balance Co. 


The Torsion Balance Co. 
Textileather Div., The 
General Tire & Rubber 


Co. 

B. F. Goodrich Industrial 
Products Co. 
Kessler Chemical 

Ine. 
American Cyanamid Co. 
Crucible Steel Co. of 
America 
Swedlow Plastics Co. 


Co., 


Rayon Processing Co. of 
R. I 


\. . 
Western Plastics Corp. 


Milprint, Inc. 


General 
so. 
Eastman 


Tire & Rubber 


Kodak Co. 
Eastman Kodak Co 
Eastman Kodak Co. 
United States Rubber Co. 


Reichhold Chemicals Inc. 
Badische Anilin- & Soda- 
Fabrik AG 
-*~ Mineral Products 
B. oe Goodrich Industrial 
Products Co Div. 
F. Goodrich Co. 


United States Rubber Co. 


Naugatuck Chemical Div., 
United States Rubber 
Co. 

Naugatuck Chemical Div., 
United States Rubber 
Co. 

Bakelite Co., Div. of 
Union Carbide Corp. 


American Molding Pow- 
der & Chemical Corp. 

Ohio-Apex Div., Food 
Machinery & Chemical 
Corp. 

Ohio-Apex Div., Food 
Machinery & Chemical 
Corp. 

Krylon Ine. 

Pennsalt Chemicals 


Corp. 
Badische Anilin- & Soda- 


Fabrik AG 


General Tire & Rubber 
0., Chemical Div. 


National Starch Co. 


BX Plastics Ltd. 
L. A. Dreyfuss Co. 
Mica Insulator Div., 
Minnesota Mining & 
Mfg. Co. 
Woodall Industries, Inc. 
American Cyanamid Co. 
Fabricon Products, Div. 
of Eagle-Picher Co. 
Franklin Fibre-Lamitex 
Corp. 


Lare Products, Inc. 
Badische Anilin- & Soda- 
Fabrik AG 


TRADE NAME 


Laropal 


Latekoll 
Latyl 

Lauxein 
Lauxite 


Layflat 
Lectro “60” 


Leefluor 


Lemac 
Lemol 


Leucogen 
Leucosol 
Lignocol 
Like Magic 
Lintex 
Lithosol 
Logo 
Logofoil 


Logoquant 


Logoset 


Lorco 


Lorol 


Lotol 


Loxite 


Luaktin 


Lucidol 
Lucite 
Ludox 
Lumarith 
Lumigraphic 
Luperco 
Luperox 
Lupersol 


Luphen 


Lupolen 
Lupoline 
Lusane 


Lustreglow 


Lastrelite 


Lustretone 


Lustrex 
Lutofan 
Lutonal 


Lavican 


Luxol 


Lytron 


NATURE _. TYPE OF 
PRODUCT 


COMPANY & ADDR& 





Modified ester for rapid- 
ly drying oil, alkyd, 
alcoho! lacquers, etc. 

Thickening agent for dis- 
persions 

Dyes 


Casein and soybean ad- 
hesives 

Urea and melamine ad- 
esives 

Plastic tubing 

Stabilizer for vinyl elec- 
trical insulations 

Tefion rods, sheets, tubes 
and molded or fabri- 
eated parts made of 
Teflon 

Polyvinyl acetate 


Polyvinyl alcohol 


Dyes 

Dyes 

Anti-skinning agent 
Anti-static and cleaner 
Vinyl-coated fabric for 


table coverings 
Dyes 


Solutions of organic 
polymeric substances 
Strippable protective 
coating composition 
Chemical preparations 
and protective coating 
composition for use on 
plastics 
Synthetic 
varnishes 
Tumbling barrels, media, 
and compounds for 
plastics finishing 

Fatty alcohol 


enamels and 


Compounded latices 


Elastomertie adhesives 


Rapidly evaporating sur- 
face coating for oil 
alkyd lacquers 

Benzoyl peroxide 


Acrylic 

Colloidal silica 

Cellulose acetate sheet, 
film, molding powders 

Fluorescent pigments 

Organic 


poun 
Organic peroxide 


peroxide com- 


pastes 

Organic solu- 
tions 

Hardenable phenolic res- 
in for chemical resist- 
ant lacquers and resist- 
ant coatings 

Polyethylene 


peroxide 


Tumbling barrels 
compounds 
Brilliant blue B dye 


High luster 
acrylic 
blanks 

Smooth and patterned 
pearlescent acrylic 
sheets and blanks 

High luster pearlescent 
polyester sheets and 
blanks 

Styrene molding and ex- 
trusion compounds 

Polyvinyl chloride 
ulsion 

Polyvinyl ether 


and 


pearlescent 
sheets and 


em- 


Polyvinyl carbazole 
(heat-resistant; espe- 
cially for electronic ap- 
plications) 

Dyes 


Unplasticized polystyrene 
emulsions (textile res- 
in) and latices for sur- 
face coatings 


Badische Anilin- & 
Fabrik AG 


Badische Anilin- & 
Fabrik AG 

E. I. du Pont de Nemoy 
& Co., Inc. 

Monsanto Chemical (), 


Monsanto Chemical (o 


Plax Corp. 
National Lead Co. 


Walt Lee Chemical Con 


The Borden , 
Co., Div. The Borde 
Company 

The Borden 

iv. 


eal Corp. 
Merchandise 

tion, Inc. 
Columbus Coated Fabri 


Bee Chemical Co. 
Bee Chemical Co. 
Bee Chemical Co. 


Bee Chemical Co. 
Lord Chemical Corp 


E. I. du Pont de Nemoun 
& Co., Inc. 

Naugatuck Chemical Div 
United States Rubber 


0. 

Xylos Rubber Co., Div 
of Firestone Tire ¢ 
Rubber Co. 

Badische Anilin- & Sod 
Fabrik AG 


Lucidol Div., 


Wallace é 
Tiernan, > 


& Co., Inc. 
Plastics Div., Celanes 
Corp. of America 
Imperial Paper & Cole 


orp. 

Lucidol Div., 
Tiernan, 

Lucidol Div., 
Tiernan, 

Lucidol Div., Wallace & 
Tiernan, Inc. 

Imperial Paper and Color 
> Pigment Color 

iv 


Wallace é 


Lupoline Automatic Pol 
ishing Equipment Corp 

Badische Anilin- & Sods 
Fabrik AG 

E. I. du Pont de Nemour 
& Co., Ine. 

U. S. Plastic 
Corp. 


U. S. Plastic Products 
Corp. 


U. S. Plastic 
Corp. 


Products 


Products 


Monsanto Chemical Co. 


Badische Anilin- & Sods 
Fabrik AG 

Badische Anilin- & Sods 
Fabrik 

Badische Anilin- & Sod 
Fabrik AG 


E. I. du Pont de Nemourt 
& Co., Inc, 
Monsanto Chemical Co 








NAME 


RADE N 


NATURE OR TYPE OF 
PRODUCT 





COMPANY & ADDRESS 





fasland Duran 


faster Color 


fax-el 
feadmatic 


‘eMearlmaid 
puMegavac 


Mercadium 
Merix 


Anti-Fog 


Merix Anti-Static 
Merpentine 


Merpol 
Metaflex 
Metaplex 
Metalset 
Methac 
Methaflex 
Methocel 
Methox 


Methylon 
Metlbond 


Micabond 
Miccron resins 
Miccrosol 
Micro Mica 
Micronex 
Microsurfacer 
Microtomatie 
Micro-vent 


Midas 
Midlon 


Milam 
Millical 
Mil-O-Film 
Mini-Jector 
Mipolam 
Miracle 


Mirasol 
Mirro-Brite 


Mirromold 


M 


Cyclahexanone peroxide 
paste 

Methylene disalicylic 
acid technical 

Disintegrating ma- 
chines, etc. 

Adhesives and coatings 

Portable straight and 
round knife cutting 
machines 

Synthetic iron oxide pig- 
ments 

Liquid epoxy resin 

Reinforced plastic com- 
position used in cast- 
ing 

Liquid phenolic resin 

High styrene resins 

Polyester resins 

Thixotropic polyester 
resins 

Mixing and blending ma- 
chines 

Stabilizers 

Olefin polymer 


Resin emulsions 


Metal-plastic laminates 


Polyvinyl chloride resins 


Vinyl upholstery 


Concentrated pigment 
dispersions for thermo- 
plastics materials 

Free machining steel 


Air valves, air timers 
Natural pearl essence 
High vacuum pump 
Melamine-urea adhesive 
resins 
Water-soluble rubber La- 
tex accelerator 
Cadmium mercury in 
colors 
Fog-preventative 
ieal for plastics 
Antistatic for plastics 
Surface active agent 


chem- 


Surface active agent 


Coated textile fabric with 
polished metal ap- 
pearance 

Vacuum metallizing 

Metal-filled epoxy formu- 
lations 


Methanol-methy! acetate 


Plastic sheet 
Methyleellulose 
Dimethoxyethy) 
late plasticizer 
Phenolic coating resin 


phtha- 


Structural sandwich and 
metal-to-metal adhe- 
sive 

Bonded mica 

Resin for fluidized bed 
coating 

Vinyl plastisols 


Finely ground mica 

Carbon black 

Sizing machine for sur- 
facing thin sheeting 

Precision slicing & dic- 
ing machines 

Porous vinyl film 


Bronze dispersion 
Extruded sheeting 


Laminated packaging 
material 
Precipitated calcium car- 


mate 
Plastic sheets, bags, and 
wrappers 
Injection 
chines 
PVC copolymers 


molding ma- 


Adhesives and coatings 

Alkyd resins 

Metallized acetate, buty- 
rate, polystyrene, and 
polyester film and 


sheet 
Mold-steel 


Plastics Div., Celanese 
Corp. of America 

Heyden Newport Chemi- 
cal Corp. 

Mitts & Merrill Inc. 


Magic Chemical Co. 
H. Maimin Co., Inc. 


Columbian Carbon Co. 


The Marblette Corp. 
George J. Kreier & Son 


The Marblette Corp. 
Borg-Warner Corp. 
Plastics Div., Celanese 
Corp. of America 
Plastics Div., Celanese 
Corp. of America 
Rapids Machinery Co., 
ne. 
Argus Chemical Corp. 
Phillips Chemical Co. 


Marbon Chemical Div., 
Borg-Warner Corp. 
Naugatuck Chemical Div., 
United States Rubber 


0. 
Naugatuck Chemical Div., 
United States Rubber 


Co 
ba & Masland Duraleather 


pe Molding Pow- 
der & Chemical Corp. 

Crucible Steel Co. of 
America 

Mead Specialties Co. 

The Mearl Corp. 

Central Scientific Co. 

American Cyanamid Co. 


Pennsylvania Salt Mfg. 
Co., Industrial Div. 
Imperial Paper & Color 

Corp. 
Merix Chemical Co. 


Merix Chemical Co. 
E. I. du Pont de Nemours 


& Co. 

E. I. du Pont de Nemours 
& Co. 

L. E. Carpenter & Co. 


Sullivan Chemicals 
Smooth-On Mfg. Co. 


The Borden Chemical 
Co., Div. of the Borden 
Co. 

Plax Corp. 

Dow Chemica! Co. 

Ohio-Apex, Div. F.M.C. 

Electric Co., 

Materials 


General 
Chemical 
Dept. 

Narmco Resins & Coat- 
ings Co. 


Continental-Diamond 
Fibre Corp. 

Michigan Chrome & 
Chemical Co. 

Michigan Chrome & 
Chemical Co. 

The English Mica Co. 

Columbian Carbon Co. 

Buss Machine Works 

The DoAll Co. 

Canadian Resins and 
Chemicals, Ltd. 

Argus Chemical Corp. 

Midwest Plastic Products 


Co. 
Milprint, Inc. 


The Diamond-Alkali Co. 

Milprint, Inc. 

Newbury Industries, Inc. 

Dynamit-Actien-Gesell- 
schaft 

a ae Adhesives Corp. 


rn, Co. 
Coating. Products 


The Carpenter Steel Co. 


TRADE NAME 


NATURE OR TYPE OF 
PRODUCT 


COMPANY & ADDRESS 





Mobaloy 


Mobay 


Modiglass 
Modulene 
Mogul 
Mold-Eze 
Moldmaster 
Molgard 
Monarch 


Monarchrome 


Mondur 


Monite 
Monofast 
Monopeen 
Monopentek 


Moplen 
Morcowet 


Morester 
Morflex 
Morsperse 


Moviol 


Multifex MM 
Multiform 


Multi-Lok 
Multiplastics 


Multipruf 
Multiwave 


Multranil 


Multron 


Mustang 


Mycalex 
Mykroy 
Myleroy 
Myltite 
Mystik 


NP 10 

NR 

NR Pliolite 
Nacconate 
Nacconol 
Naccosol 


Naccotan 


| me & Nacromer 


adic 
Nalco 
Nalzin 
Napolex 
Napthanil 
Narmcloth 


Synthetic fabrics, glass 
roving, glass-filled 
molding compounds 

Organic chemicals  in- 
cluding isocyanates, 
carbamyl! halides; syn- 
thetic resins, including 
polyesters ; chemical in- 
termediates for poly- 
urethanes ; catalysts 
and other additives for 
use in making polyure- 
thane plastics; poly- 
urethane foam; etc. 

Surfacing mats, veils, 
decorative overlays 

Paes resin 

olding compound 

Channel earbon blacks 

Mold lubricant 

Injection Molding Ma- 
chine 

Internal mold 
products 

Medium color 
earbon blacks 

Colors made by precipi- 
tating phthalocyanine 

Isocyanates and synthet- 
ic resins (including 
polyesters) 

Casein adhesives 


and 


release 


channel 


Pigments 


Paints, varnishes, enam- 
els, etc. 
Monopentaerythritol 


Polypropylene 
Wetting agents 


Polyester resins 
Plasticizers 
Dispersing agents 


Polyvinyl alcohol 


Precipitated calcium car- 
bonate, ultrafine 

Saws, benders, 
bridgers, dies 

Resin base adhesive 

Reinforced plastics for 
industrial repairs and 
boat coverings (in kit 
form) 

Vinyl-coated fabric 


cutter, 


Formable core material 


Synthetic resins and cat- 
alysts for use in mak- 
ing polyurethanes 

Synthetic resins (includ- 
ing polyesters) 

Composition base 
supported vinyl 


Glass-bonded 


sheet- 


mica 

Glass-bonded mica 

Glass-bonded mica 

Rolled nylon sleeves and 
washers 


Pressure-sensitive 
tapes 


cloth 


Polymeric plasticizer 
Polyester resins 
Cyclized rubber 


resins 
Diisocyanate 


coating 


Detergent 
Wetting agents 
Dispersing agent 


Synthetic pearl pigments 

Anhydride for alkyds 
and polyesters 

Infra-red lamps 


Zine stabilizer for use in 
vinyl 

Extruded thermoplastic 
tubing 

Diazo colors 


Coated fabrics and 
impregnated 
ing materials 


pre- 
laminat- 


Cordo Molding Products, 
ne. 


Mobay Chemical Co. 


Modiglass Fibers Inc. 
H. Muehlstein & Co., 


Inc. 
Godfrey L. Cabot, Inc. 
Moldrite Products Co. 
Crown Machine & Tool 


0. 
Garan Chemical Corp. 


Godfrey L. Cabot, Inc. 


Imperial Paper & Color 
Corp. 
Mobay Chemical Co. 


~~ Waterproof Glue 
H _Kohnstamm & Co., 
ppanpubensteal Corp. 


Heyden Newport Chemi- 
cal Corp. 
Chemore Corp. 
Morton ‘Canam Chemi- 
Chemi- 


oO. 
Morton Withers 
eal Co. 
Morton Withers 
cal Co. 
Farbwerke Hoechst AG. 
vormals Meister Lucius 
& Bruning 
The Diamond-Alkali Co. 


Chemi- 


Chemi- 


J. A. Richards Co. 


National Starch Co. 
Curd Enterprises, Inc. 


Elm Coated Fabrics Co., 
ne. 

Narmeo Resins & 
ings Co. 

Mobay Chemical Co. 


Coat- 


Mobay Chemical Co. 

Textileather Div., The 
General Tire & Rubber 

Co. 

Mycalex Corp. of Amer- 


ica ‘ 
Electronic Mechanics, 


ne. 

Electronic Mechanics, 
ne. 

Keystone Plastics, Inc. 

Mystik Adhesive Prod- 


ucts, Inc. 


Eastman Chemical Prod- 
ucts, Inc. 
Plastics Div., Celanese 
. of America 
Goodyear Tire and 
Rubber Co. 
National Aniline Div., 
Allied Chemical Corp. 
National Aniline 
Allied Chemical 
National Aniline 
Allied Chemical 
National Aniline 
Allied Chemical 
Mearl Corp. 
National Aniline 
Allied Chemical ‘ 
North American Electric 
Lamp Co. 
National Lead Co. 
British Moulded Plastics 
aad. 
E.I. du Pont de Nemours 
& Co. 
Narmeo Resins & 
ings Co 


Coat- 








TRADE NAME 


NATURE OR TYPE OF 
PRODUCT 


COMPANY & ADDRESS 


TRADE NAME 


NATURE OR TYPE OF 
PRODUCT 


COMPANY & ADDRESs 





Narmtape 
Natco 


Naugahyde 
Naugapol 


Naugatex 
Naugatuck 


Nebony 
Neelium 
Nekol 


Neobon 
Neomerpin 


Neo-Spectra 
Neozone 


Nepoxide 
Neutroleum 


Neutroscent 


Nevamar 
Nevillae 
Neville LX-68s 
Nevindene 
Nevinol 
Nevsolv 
Niacet 
Nibrocel 
Nicoform 
Nitrex 
Nitrocol 
Non-Fer-Al 
Nolane 
Non-flam 
onic 
Nopco 
Nopcocell 
Nopcofoam 
Nopeo Leckfoam 
Normasal 
Norplex 
Novabestos 
Nuba 
Nuplafiex 


Nuseal 
Nygen Tolex 


Nylafiow 
Nylam 


Nylastint 
Nylatint 
Nylatron 


Nylaweld 
Nynel 


Ocenol 
Ohio-Apex 


Ohmoid 
Ohopex 


Olin Polyethylene 
Omnicolor 


Omnylon 
Omya 


Opalon 
Oppanol B 
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Adhesive for 
constructions 
Machine tools 
Vinyl-coated fabric 
Synthetic rubber 


sandwich 


Butadiene-styrene latices 
Plasticizers 


Petroleum 
resin 
Extra-heavy-duty neo- 
prene coating 
Wetting agent 


hydrocarbon 


Neoprene coating 
Surface active agents 


Carbon black 
Rubber anti-oxidants 


Epoxy coating 


Odor modifier for rubber, 
vinyl, and plasticizers 
Perfume for surface 
dressing of finished 
plastics 
High-pressure decorative 
laminates 
Phenol-modified couma- 
rone-indene resin 
Petroleum hydrocarbon 
resin 
Coumarone-indene resin 
fnsticlaing oil 
Hydrocarbon solvent 
Vinyl acetate 


Base stock for high-pres- 
sure laminates 

Electroformed cavities 

Synthetic rubber latices 


Nitrocellulose base pig- 
ment dispersion 

Precipitated calcium car- 
bonate, high purity 

Fiberglass finishing 
agent 


Cellulose derivative 
Nonionic wetting agents 


Polyurethane foam 

Polyurethane foam (flex- 
ible) 

Polyurethane foam (flex- 
ible) 


Polyurethane 
(foam-in plac 

Stabilizer ony — A chlor- 
ide flooring 

Laminated plastics 

Asbestos and/or glass 
reinforcement and elec- 
trical insulation 

Modified coumarone-in- 
dene resin 

Compounded plastic ma- 
terial 

General mixing varnish 

Supported vinyl 


~~ 1 


Nylon 


ressure tubing 
Nylon 


Im and film lami- 
nates 

Finely divided 
molding powders 

Nylon dyes 

Filled nylons 

Nylon-to-nylon adhesives 

Nylon and film laminate 


Oo 


nylon 


Oley! alcohol 


Plasticizers, 
plastics 


Laminated phenolic 
Specialty plasticizers 


monomers, 


Polyethylene 


For pigments and dyes 
in plastics 


ylon 
Chalk whiting 
Vinyl chloride (resins 


and compounds) 
Polyisobutylene 


Narmco Resins & Coat- 
ings Co. 

National Automatic Tool 

United States Rubber Co. 

Naugatuck Chemical Div., 
United States Rubber 


Co. 
Naugatuck Chemical Div,. 
United States Rubber 


Co. 
Naugatuck Chemical Div., 
United States Rubber 


Co. 
Neville Chemical Co. 
Ae Mineral Products 


ants Chemicals, Sales 
Div., General Aniline 


& Film » 
a Mineral Products 
o. 
= du Pont de Nemours 


.» Ine. 
Columbian Carbon Co. 
E.L. du Pont de Nemours 


& Co., Ine. 
Atlas Mineral Products 
0. 
Fritzche Brothers, Inc. 
Fritzche Brothers, Inc. 


The National Plastic 
Products Co. 

Neville Chemical Co. 

Neville Chemical Co. 

Neville Chemical Co. 

Neville Chemical Co. 

Neville Chemical Co. 

Carbide and Carbon 
Chemicals Co. 

Brown Co. 

Electromold Corp. 

Naugatuck Chemical Div., 
Ya! ted States Rubber 
0. 

Cc. J. Osborn Co. 

Diamond Alkali Co. 

New York Quinine & 
Chemical Works, Div. 
of 8. B. Penick & Co. 

Shoe Form Co., Inc. 

Pennsalt Chemicals 


Corp. 
Nopco Chemical Co. 
Nopeo Chemical Co. 


Nopco Chemical Co. 
Nopeo Chemical Co. 
National Lead Co. 
Northern Plastics Corp. 
Raybestos-Manhattan, 
Ine. 
Neville Chemical Co. 
New Plastic Corp. 


McCloskey Varnish Co. 


Corp. 
H & R Industries 
The Polymer Corp. 
The Polymer Corp. 
The Polymer Corp 


The Polymer Corp. 
Velveray Corp. 


= = Pot de Nemours 

FMC "Organic Chemicals 
ry ‘cod Machinery 
& Chemical Corp. 

Wilmington Fibre’ Spe- 
cialty 

FMC mic Chemicals 
Div., Food Machinery 
& icals Corp. 

Olin Mathieson Chemical 
Corp. 

Omni Products Corp. 

Omni Products Comm. 

Pluess-Staufer (North 
American) 

Monsanto Chemical Co. 

Badische- Anilin- & Soda- 
Fabrik AG 


Oppanol C 
Orion 
Oronite 


Oxidex 


Penton 
Perciene 


Permagen 


Permalux 
Permansa 


Perma-Skin 
Permelite 


Permelite 
Permolith 
Petrothene 


Petrowet 
Phenolite 
Phenopreg 
Phenoweld 
Phtalopal 
Picco 
Piceolyte 
Piccolastic 
Piccopale 
Piccosize 
Piccocizer 
Piccofiex 
Piccoumaron 


Polyvinylisobutyl ether 
Acrylic fiber 


Chemicals for use in 
—_ arts and 


Asibanttont for animal 
- vegetable fats and 


P 


Hydraulic presses 


Asphalt & resin thermo- 
plastic molding compo- 
sition 


chopped 
ont roving 


i ee 
Pramese tor pias lastics 
Polyester cast resin 


Softeners for Jpoqeass. 
lastics, and film form- 


strands 


—. 


Badische- Anilin- & Soda- 
Fabrik AG 
E.L. du — de Nemours 


& Co., I 
Oronite te "Chemical 


Frtizche Brothers Inc 


Pasadena Hydraulic: 


Inc. 
Fiene Industria! 
roducts, Inc. 
Pittsburgh Plate Glass 
Co. 


Schwartz Chemical Co. 
terchemical Corp., Fin- 


Badische Anilin- & Soda- 
Fabrik AG 
Anilin- & Soda- 
Fabrik AG 


Amoco icals Corp. 


Chem 
dis- E. L. du Pont de Nemours 


Plastic pipe and fittings Western P 
thetic ibber (oil- 


ru 
resistant) 


Polyester resins 

Esters of eqre-hudsony 
benzoic acid, preserva- 
ves 

Vinyl resin ions 
(vinyl  chlori and 
vinyl de-acetate 
resins) 

Saturated fatty 
ee a 

ms 
“urethane ‘thet aX pels. © 


sey ~ 
= oy alkyd gan 
Electrical i 


ester 


Pentaerythritol resins 
Amyl naphthalenes — 








amy! Sicohol” 
| technical 





be yr pigments used 
or coloring plastics 


Neoprene accelerator 
Colorants (yuttow, red, 
green, and orange) 
wa: and epo: coatings 
a melding 
Plastic molding com- 

Lithopone 


Polyethylene resin 


Surface active agents 
Laminated plastics 


Phenolic adhesive 

Alcohol soluble phthalic 
resins for nitrocellulose 
wood lacquers 
ydrocarbon resins 


Terpene polymer resin 
Styrene polymer resin 
Petroleum resin 
Petroleum resin emulsion 
Plasticizer 

Styrene copolymer resins 
Hydrocarbon resins 


Co. 
Rohm & Haas Co 
Heyden Newport Chemi- 
Corp. 


Parcloid Chemica] Co. 
The Baker Castor Oil Co. 


Garan Chemical Corp. 
Paper Co. 





ational Vulcanized 
a— Mineral Products 
Dow Chemical Co. 


Ine. 

Corp. 

Corp. 

Corp. 

Corp. 

Newport Chemi- 


‘owder Co. 
E. L. du Pon ‘ de Nemours 
"& Co., Ine 
a Co., 
Div. of Ani- 
line & Film 
E. L “au Pont ass emews 
& Co., Inc. 
The Sherwin Williams 


Dennis Chemical Co 
Melamine Plastics, I-c. 
The Fiberite Corp. 

The Sherwin Williams 
Co. 

U. S. Industrial Chemi- 
cals Co., Div. National 
Distillers and Chemica! 

E. L. du Pont de Nemours 
& Co., Inc. 

National Vulcanized 
Fibre Co. : 
Fabricon Products, Div. 
of Eagle-Picher Co. 

V. Hardman Co., Inc. 

Badieche. Anilin- & Sode- 
Fabrik AG 

Pennsylvania Industria! 
Ch 


Pennsylvania industrial 
Chem 


Pennsylvania Industrial 
Poraricanis fadustrisl 
eA A ree 
Parneyivanis,  Todustrisl 
industrial 


ow 
industrial 


Pennsylvania 
Chemical 











NATURE OR TYPE OF 
PRODUCT 


COMPANY & ADDRESS 


NATURE OR TYPE OF 
PRODUCT 


COMPANY & ADDRESS 





Pinto 


Pittsburgh PX 
Placo 


Placquer 
Plascor 


Plaskon 


Plaspreg 
Plastacele 
Plastaplex 
Plastex 
Plasticone 
Plasti-cut 
Plastigen 


Plastikon 


Pliofiex rubber 


Plioglas 
Pliogrip 


Pliolite 


Pliolite latex 
Pliotac 
Plio-Tuf 
Pliovic 
Pliovie latex 
Plumb-0-Sil 
Plyacein 
Plyamine 
Plyamul 
x 


Polectron 


Hydrocarbon resins 


Composition base sheet- 
supported viny! 


Prefix denotes plasticiz- 
company 
a 

lamina’ 


rodu' 
Pn acrylic paint 
— compounds for 
Line of resins and mold- 


ny ete.) 
Furane resin-impregnated 


compoun 
Cellulose acetate 
Coati: for polystyrene 
= re of ine, a - ae etc. 


Gace process stencil 


Soft — for lacquers, 
based on nitrocellulose 


pose and cement —_ 


Pennsylvania Industrial 
Chemical Corp. 

Textileather Div., The 
oe Tire & Rubber 
a kt Coke & Chem- 
Plastic Laminating Corp. 
Custom Coatings Co. 
United Laboratories Co. 


ste & Coal Chemi- 
or RY. Allied Chemi- 


om > Festina, Inc, 
K.I. du Pont de Nemours 
& Co., Inc. 
es Chemicals 
The Plastex Co. 
= Sherwin Williams 
Ulano Products Co. 
Badische Anilin- & Soda- 
Fabrik AG 


- Goodrich In- 


paewesibe thermoset- B. F. 
tructural 


adhe- 
and sheet 


sand for 


ting s 
sives 


Vinyl film 
ucts 


ng 
a. om plastics and lac- 


ving! plasticizer (epoxi- 
— an type and 


ype) 
Plasticine. for vinyls, 
cellulosics, and syn- 
thetics rubbers 


Plastic lining 
Coated fleece back fabric 
Softeners for lacquers 


and plastics 

Urea formaldehyde for 
lacquers, acid-resistant 
coating, and n 
lulose juers 

Reinforced yester pre- 
mix mol compound 

Vinyl phonograph record 
compound 

Reinforced polyester for 
Rey process equip- 


Film, rod, bottles, 
tubing 

Bottles, tubing, 
film, ete. 


Phenolic mo 
pounds ; 


and 
sheet, 
com 
resins 
ee mt molding 


Palyethylene fiat film and 
layfiat 
abet” 


Butadiene/styrene 
Vinyl-coated glass cloth 
Rubber-base adhesives 


Styrene/butadiene rubber The 


reinforci ins ; - 

sene/butadions pit. x 

resins 
Butadiene/styrene 


Rubber-base adhesives 


Protein adhesives 
Urea—formaldehyle ad- 
hesives 


acetate ad- 


Corp. 

Acme Resin Corp. 
National Aniline Div., 
Allied Chemical Corp. 

Advance Solvents 
Chemical Div., 
Chemical Works, Inc. 

Emery Industries, Inc. 


Heil Process Equipment 
—" Coated Fabrics 
Badische Anilin- & Soda- 
Fabrik 
Anilin- & Soda- 
Fabrik AG 
George Morrell Corp. 
Plastylite Corp. 
Haveg Industries, Inc. 


Plax Corp. 
Plax Corp. 


- Plastics Engineering Co. 


Mol-Rez Div., American 
Petrochemical Corp. 
Rohm & Haas Co. 


Plicose Mfg. Corp. 

Goodyear Tire & pothee 
Co., Chemical ‘D 

Goodyear Tire -f ‘Rubber 


Co., Chemical 
Flexfirm neg 


The Sordune Tire & 
Rubber Co. 


# oy oy Tire & 


Cuda Tire & Rubber 


The Goodyear Tire & 
Rubber \ 


The Goodyear Tire & 
Rubber 

= Tire & Rubber 
GCootyear Tire & Rubber 
National Lead Co. 

Reichhold Chemicals, Inc. 
Reichhold Chemicals, Inc. 
Reichhold Chemicals, Inc. 
Rubber & Asbestos Corp. 
Reichhold Chemicals, Inc. 


Antara Chemicals, Div. 


Aniline & 
Hanley Plastics Co. 




















Polyplastex 
Polyplax 

Polyplex 

Polyprene 

Polyres 
Polystrom-Omni 
Polystyrol of BASF 


Poly Supra 
Polytherm 


Polytool 


Ponsol 
Pontachrome 
Pontacyl 
Pontamine 
Por-C-Lyn 
Portovent 
Pre-Imp 
Pres-a-ply 


Pressure-Line 
Printon 
Pro-fax 
Propiofan 
Protektinsul 


Protex 
Protowrap 


Proxcote 
Proxmelt 


Prox-mesh 


Qo 
Quakeral 


Resin 


Polyethylene film treated 
for printing 
Butyl rubber activator 


resins 


Resin emulsions 


Polyethylene a 
pivseenes 6 lm 


Polyvinyl-chioride preci- 

C.F. (powder, rod & 
sheets 

Polyurethane foam 

Rubber stabilizer 





Adhesive 
Polyethylene film; poly- 
ylene electrical tape ; 
polyethylene protective 
tape coatings 
Liquid cleanser 


Mold release agent 


Polyester resins 
Melamine-alkyd enamel 


Dry-blended colored poly- 
ethylene 

Decorative plastic sheet- 
ing and laminates 
(generally vane’) 


ages 

made of pelpetiyiane, 

ystyrene, and vinyl 
Coatings for acrylics 

Vinyl organosol enamel 


Resins 

Polystyrene 

Polystyrene 

Dry colorants for plastics 


Polystyrene for expand- 
able expanded poly- 


styrene 

Polyester, epoxy, phe- 
nolic, and polyurethane 
tooling compounds 

Dyes 

Dyes 


- Diazo dyes 


Baked enamel finishes of 
ee gg hardness 
Porta elevating table 

Flexible hose 

Glass fiber loaded com- 
pound for molding 

i 6 * ~ ~ pane gum- 


labe! 
Flexible polyethylene pipe 
with built-in reinforce- 
ment 


Printed 
plastic 
films 


Polypropylene 
Polyvinylpropionate 


and decorated 
material and 


Vapor barrier material; 
a polyvinyl 
pe covering finish 
gue ¢ oxides 
Plastics-coated 
Heat and light ‘Stabilizer 
_— clear vinyl 
Leoquer type coatings 
Solid coatings and ad- 
hesives applied by heat 
ie reinforced with 
wire mesh 
Strippable coatings 
Granulating and pulver- 
izing machines 
lulose nitrate 


Pyrometers 


Q 


Dynamit-Actien-Gelle- 

schaft, Vormals Alfred 
Nobel” & Co. 
Extruders, Inc. 


E. 1. du Pont de Nemours 
& Co., Ine. 

Polymer Industries, Inc. 

Polymer Indus Ine. 

Poly Resins 

Poly Resins 

Harwick Standard Chem- 


Extruders, Inc. 

Plax Co 

Electro-Chemical 
ucts Corp. 

Acme Resin Corp. 


The General Tire & Rub- 
ber Co. 

Naugatuck Chemical Div., 
United States Rubber 


Polymer Industries, Inc. 
The Kendall Co. 


Prod- 


Schwartz Chemical Co., 


ne. 
Plastics & Coal Chemicals 
iv., Allied Chemical 


Reichhold Chemicals, Inc. 

Interchemical Corp., Fin- 
ishes Div. 

Gering Products, Inc. 


Polyplastex United, Inc. 
Plaxall Inc. 


Sullivan Chemicals Co. 

Interchemical Corp., Fin- 
ishes Div. 

Polyrez Co., Inc. 

Omni Products ts Corp. 

Badische Anilin- re Soda- 
Fabrik AG 

Krieger Color & Chemi- 


ca .» Inc. 
Omni Products Corp. 
Reichhold Chemicals, Inc. 


. du Font de Nemours 
Lah ‘Pont de Nemours 
. du Pont de Nemours 


Co., 
E. I. du "Pont de Nemours 
& Co., Inc 
Atlas Coatings Corp. 


Hamilton Tool Co. 
Flexaust 
Flexfirm Products 


Dennison Mfg. Co. 


Skyline Industries; Sky- 
line Plastic Pipe, Inc. ; 
Skyline Plastic Mold- 
ing, Inc. 

Printon Corporation 


Hercules Powder C 

Badische Anilin- & “Soda- 
Fabrik AG 

Miracle Adhesion Corp. 


The New come ae Co. 
Kehr Products 
National Lead 5. 


Pyroxylin Products, 
Pyroxylin Products, 


Pyroxylin Products, 
Pyroxylin FesGadta, 
Corp 


Pulva 


Inc. 
Ine. 


Ine. 


Ine. 


E. I. du Pont de Nemours 
& .» Ine. 

Pyrometer 
Co., Ine. 


i Instrument 


The Quaker Oats Co., 
Chemicals t. 

The Quaker ats Co., 
hemicals lo 
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PRODUCT 
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TRADE NAME 


NATURE OR TYPE OF 
PRODUCT 


COMPANY & ADDRESS 





Quinterra 


Quinterrabord 


Quso 


RC 
Rx 


Radialloy Tipped 
Railite 


Ramapo 
Randac 


Randfilm & RandfiexVinyl 


Raven 
Rayaceta 


Raybrite 
Rayette 


Raymix 
Raytellics 


Readco 
Real-Ease 
Realite 

Reet 

Reevon 
Re-New-Coat 
Resilyte 
Resimene 


Resinite 


Resinox 


Resloom 


Resmetal 


Resoform 


Resorecabond 


Nesp:uid 
Reswax 
Resyn 


Rexadhere 
Rexadur 


Rexalator 
Rexatherm, 
Rexclad, 
Rexlance 
Reynofoam-P 
Reynofoam-V 
Reynosol 
Rez-n-bond 


Rez-n-dye 
Rez-N-Lac 


Rez-N-Polish 
Rigicast 
Rigidene 
Rigidon 


Rigidsol 
Rigivin 


Rila 
Rincontrol 
Rippolite 
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Electrical insulations of 
100% purified base 
sheet resin-treated 

Highly — asbestos 
base sheet materials 

Finely divided amorphous 
silica 


R 


Pigment dispersions in 
t chip and paste 

form 

Plasticizers, 
co-monomers 

Sheets of phenolic resin- 
impregnated paper- 
boards 

Carbide tipped saw 
blades, router bits, spe- 
cial cutters, ete. 

Decorative laminates 

Pigments 


plastisols, 


Thermosetting resins for 
impregnating, encap- 
sulating, etc. 

sheeting (unsup- 
ported and supported) 

Carbon black 

Bleached sulfide pulp for 
cellulose acetate 

Reinforcement for 
tics 

Composition base 
supported viny] 


Cut rayon fibers 


plas- 


sheet 


Metallic particles for dec- 
orative filler for plas- 
tics 

Mixing, kneading, or 
blending machines 

Silicone release 
pound 

Decorative high-pressure 
melamine laminates 

Vinyl and polyethylene 
film and sheeting 

Polyethylene filaments 
and fabrics 

Epoxy resin coating or 
resurfacing 

Decorative plastic lamf- 


com- 


na 

Urea and melamine res- 
Ins 

Thermoplastic resin in 
form of extruded tub- 
ing, tape, and shapes 

Phenolic resins and com- 
pounds 

Textile resins (melamine 
and cyclic ethylene 
urea) 

Metallic patching paste 
(self-hardening solder) 
yes and pigments for 
use in coloring resins 
and plastics 

Resorcinol resins 


Vinyl] film, sheeting, and 
coated fabrics 

Synthetic wax-resin com- 
bination 

Complete line of resin- 
base adhesives 

Primers and lacquers 

Chlorinated rubber coat- 
ings 

Chemical catalyst 

Enamels 


Polyurethane foams 
Vinyl chloride foams 


Plastisols and organosols 


Acrylic 
cement 


and styrene 


Lacquers for all plastics 

Powder cleaner and anti- 
static 

Cast plastic 

Polyethylene 

Glass-reinforced plastic 


Rigid plastisol 
Rigid vinyl 


Fluorescent pigments 
Wrinkle enamels 


Fibrous glass reinforced 
laminate sheets 


Johns-Manville Co. 


Johns-Manville Co. 
Philadelphia Quartz Co. 


Interchemical Corp., 
Color & Chemicals Div. 


Rubber Corp. of America 
Consolidated Paper Co. 


Radial Cutter Mfg. Corp. 
neue Assoc., 


+. du u Pont e' Hemeus 
Mitchell Rand Mfg. Corp. 


Rand Rubber Co. 


Columbian Carbon Co. 
Rayonier, Inc. 


Rayonier, Inc. 


Textileather Div., The 
_aneene Tire & Rubber 


0. 
Rayon Processing Co. of 
e 


Rayon Processing Co. of 
R.L, The 


Read Standard 


Boreco Chemicals, Ine. 


Reiss Assoc., Inc. 


Ross & Roberts, Inc. 


Reeves Bros., Inc. 


Truscon Laboratories 
The Buckstaff Co. 
Monsanto Chemical Co. 


Resinite Dept., Div. of 
The Borden Co. 


Monsanto Chemical Co. 


Monsanto Chemical Co. 


The Borden Chemical Co., 
Div. of The Borden Co. 
General Dysestuff Co. 
Div. of General Ani- 
line & Film Corp. 
American-Marietta Co., 
Adhesive, Resin & 
Chemical Div. 
Respro Div., e Gen- 


Th 
eral Tire & Rubber Co.- 


The Borden Chemical Co., 
Div. of The Borden Co 
National Starch Co. 


Rexton 


Inc. 
Rexton 


Inc. 


Finishes, 
Finishes, 


Rexton 


Finishes, Ine. 
Rexton 


Finishes, Ine. 
Reynolds Chemical Prod- 
ucts Co. 
Reynolds Chemical Prod- 
ucts Co. 
yo Coates Prod- 
ucts 
Chemical Co. 


Schw fy 
Chemical Co. 
Chemical Co., 


Chemical Co., 


Schwartz 
Schwartz 


Ine. 

Schwartz 
ne. 

Heil Process Equipment 
Corp. 

Heil Process Equipment 
orp. 

Heil Process Equipment 


orp. 
Watson-Standard Co. 
Heil Process Baquipment 


Corp. 
Rhode Island Labora- 
tories, Inc. 
Interchemical Corp., Fin- 
ishes Div. 


Rippolite Plastic Prod- 
ucts, Inc. 


Rolease 


Rona 
Rontex 
Roracyl 
Rosite 


Rotalin 
Rotamill 
Rotoshere L 
Rovcloth 
Rovmat 
Royalite 


Royal Master 


Rucoam 
Ruddflex 


Rulon 


Ryertex Omicron 
PVC 


Samson Extra 
San-D-Lite 


Sandt 
Saran-O-Lam 
Saran Wrap 
Sarcotrol 
Satinesque & 
Satinglo 
Satusply 


Scalperator 


Screen-O-Printer 


Scriptite 
Sealcast 


Silicone rubber-covered 
roll for plastics pro- 
cessing applications 

Pearl essence and pearl- 
escent pigments 

Plastic sealing compound 
for textile materi 

Dyes 


Inorganic and organic 
molded electrical in- 
sulating materials 

Dyes 


Semi-automatic rotary 
milling machines 
Portable round knife 
cutting machine 
Woven roving 


Unidirectional mechani- 
cally bonded glass mat 
Blend of synthetic rub- 
ber and thermoplastic 

i (A-B-S_ polymer 


———- grinding ma- 


ne 

Vint film and sheeting 

Vinyl sheeting & film; 
also butyrate, fluoro- 
carbons, styrene copoly- 
mers, etc., silicones; 
laminates ; vinyl-coated 
cloth 

Modified flurocarbon for 
high temperature bear- 


ings 
Polyvinylchloride 


Electronic apparatus for 
treating polyethylene 
film; welding and cut- 
ting machine; photo- 
cell controlled 

Polyvinyl butyral film 

Sassafras odorant 

Alkyd base non-slip coat- 
ing for floors 

Steel for plastic molds 

Polyethylene sheet mate- 
ria! 

Die presses 

Printed and laminated, 
saran films, saran cas- 
ing, ete. 

Polyvinylidene chloride 

m 

Mold temperature con- 
troller 

Vinyl coated fabrics 


Reinforced-polyester 
laminate F 
Machine for separating 

mechanically and pneu- 
matically 
Silk screening equipment 


Paper finishes 
_ and casting com- 


unds 
Sealdbin & SealdtankFlexible, collapsible con- 


Sealerine 
Sealfoam 


Sealine 
Sealset 
Sealweld 
Sealz 


Seamco 
Seilon 


Selectrol 
Servospeed 
Sevron 
Shelblast 


Shellene 
Shell-pli 


Sicofane 


tainer of multi-ply 
rubbercoated cord fab- 
ric for shipping of cor- 
rosive liquids and dry 
flowable solids 
Concrete sealer 
Foam-in-place com- 


poun 

Hand-operated portable 
heat sealer 

Activators and harden- 
ers 

Adhesives 

Rubberized bitumens 


Styrene molding mate- 


ria! 

Vinyl, styrene, and poly- 
ethylene rolls and 
on for vacuum 
‘orm 

Avtemetis checkweigher 


Variable-speed motor 
drive systems 
Dyes 


Soft grit blasting mate- 
rial for cleaning of 
eanbde 
Packing bags or sacks 
made of polyethylene 
Laminated products (cel- 
lulose sheeting com- 
n= with other prod- 


Regenerated cellulose 


Stowe-Woodward, Inc. 


Rona Laboratories, 
Flexfirm Products 
E. I. du Pont de Nemours 


& Co., Inc. 
Rostone Corp. 


Ine, 


E. I. du Pont de Nemours 
Co., Ine. 

Dowding & Doll Ltd. 

H. Maimin Co., Inc. 

. ~ Glass Industries, 
ne. 

ro" Glass Industries, 
c. 

United States Rubber Co. 


Royal Master, Inc. 
Rubber Corp. of America 


Rudd Plastic Fabrics 
Corp. 


Dixon Corp. 


Joseph T. Ryerson & Son 


S.C.A.E., Baccio da Mon- 
telupo 


Monsanto Chemical Co. 
Fritzsche Bros., Inc. 
Truscon Laboratories 


The Carpenter Steel Co. 
Sandee Mfg. Co. 


Atlas-Sandt Corp. 

Printon Corp. 

Dow Chemical Co. 

Sarco Co., Inc. 

Columbus Coated Prod- 
ucts Corp. 

United States Rubber Co. 

Hart-Carter Co. 

Sosa ®-Papete Mfg. 

sacenasiie Chemical Co. 

Minnespells ——— 


Regulat 
United States Co, 


Customs Coatings Co. 
—_ meneywell 


se Mts. Corp. 


Minneapolis Honeywell 
Regulator Co. 
Minneapolis Honeywell 
ulator Co. 
Naugatuck "Chemical Div., 
United States Rubber 


Co. 

Seamco Chemical Co. 

Seiberling Rubber Co. 
Plastics Div. 

The Exact Weight Scale 
Co. 

Electro-Devices, Inc. 

E. I. du Pont de Nemours 
& Co., Ine. 

Agrashell, Inc. 

Shellmar-Betner Div., 
Continental Can Co. 


Shellmar-Betner Div., 
Continental Can Co. 


Mazzucchelli Celluloide 
S.p.A. 


-P. 








TRADE NAME 


NATURE OR TYPE OF 
PRODUCT 


COMPANY & ADDRESS 


TRADE NAME 


NATURE OR TYPE OF 
PRODUCT 


COMPANY & ADDRESS 





Sicalene 
Sicalit 
Sicaloid 
Sicofoil 
Sicovinile 
Sierracin 
Sierracote 


Silastic 
Silcobest 


Silvacel 


Silvacon 


Silvacote 
Silvaloy 


Silvatrim 
Sirco 


Sircoblast 


Smooth-on 
Sno-pak 


Sobolicate 
Solfast 
Solka-Floc 


Solox 


Solozone 


Solvenon 


Solvic 
Son Blaster 


Sonite 


Spac 
Span 
Eocctve-Chvome 


Polyethylene sheets 

Cellulose acetate molding 
wder 

Cellulose acetate sheets 


Cellulose a and tri- 
acetate 

Vinyl and ~ copoly- 
mer sheets 

Cast transparent polyes- 
ter sheet 

Transparent conductive 
coating 

Silicone rubber 
minated glass cloth 
slot wedges 

Pulp molding compound 


Extender and filler for 
various molding com- 
pounds and _ casting 
resins 

Vacuum metalized finish 

Moldable wood fibers 


Metallized plastic strip 
Nut shell flour used as 


fillers 

Ground nut shell pellets 
for soft grit blast- 
cleaning and _ deflash- 
ing of molded plastics 
products 

Iron cements; polysul- 
fide flexible mold com- 
pounds 

Resin foam for mount- 
ing and preserving cut 
flowers 

Specially treated 
bling granular 

Colorants (red and blue) 


Finely-divided purified 
cellulose 

Denatured alcohol 
vent 


tum- 


sol- 


Sodium peroxide 


Dimethylacetate for sol- 
vents and thinner for 
lacquers 

Polyvinylchloride resins 
and vinyl copolymers 

Ultrasonic vibrators ; 
cleaning machines for 
buffing compounds, etc. 

Non-metallic epoxy for- 
mulations; repair kits 
and hardeners 

Anti-static agent 

Emulsifying agent 

Metallic insert extrusion 


Speed Clamps, Speed Fasteners 


Clips, Speed Grips, 


Speed Nats 
Speedmaster 


Speed-Rex 
Spen-Amm 
Spencer nylon 
Spensol 

Spiral tubing 


Spirod & Spiroyl 
Spraylat 


Sprits 
Staflex 


Stalpic 
Standard 


Standard weytex 
Stan-Tone 


Statex 
Statikil 
Stearite 


Stentor 
Sterilkote 


Sterling 


Stripomatik 


Stylour 
Stylplast 


Stymer 


Styretex 


Variable speed transmis- 
sion 

Epoxy coating for metal 
and machinery 

Anhydrous ammonia 

Nylon resin 

Nitrogen solutions 

Spiral wound tubing 


Extruding machine 

Water base strippable 
protective coatings 

Mold release 

Plasticizers and stabiliz- 


ers 

Phenol formaldehyde res- 
in coatings 

Power and gravity con- 
veyors 

Wortbeard 

olors 


Carbon black 
Anti-static chemicals 
Hydrogenated stearic 
acid 
Steel for plastic molds 
Vinyl plastisols and or- 
ganosols; vinyl and 
epoxy industrial finish- 
ings 
Furnate and _ thermal 
earbon blacks 
Silicate adhesive 
Protective coatings 
Polyethylene color con- 
centrate 
Portable round knife 
cutting machine 
Flocked pelystyome sheet 
Urea-formaldehyde com- 
pounds (molding) 
Vinyl resin and styrene 
copolymer textile sizes 
Polyester resin 
Styrenated alkyd resins 
Styrenated alkyd resins 


Celluloide 
Celluloide 
Celluloid 

Celluloide 
Celluloide 


Mazzucchelli 
8. 





p.A. 
Mazzucchelli 


S.p.A. 
The Sierracin Corp. 


The Sierracin Corp. 


Dow Corning Corp. 


Silicone Insulation, Inc. 


Weyerhauser Sales Co., 
Special Products Div. 
Weyerhauser Sales Co., 
Special Products Div. 
The Eyelet Sowtely Co. 
Weverhause Co., 
Protects Div. 
Glass seeder Inc. 
Bernard Sirotta Co. 


Bernard Sirotta Co. 


Smooth-On Mfg. Co. 
Colton Chemical Co. 


Lupoline Automatic Pol- 
ishing Equipment Corp. 
The Sherwin Williams 


0. 

Brown Co. 

U.S. Industrial Chemi- 
cals Co., Div. National 
Distillers & Chemical 

orp. 

E. I. = Pont de Nemours 


Inc 
Badische Anilin- & Soda- 
Fabrik AG 


Solvic S.A. 


The Narda Ultrasonics 
Corp. 


Smooth-On Mfg. Co. 


S. M. Edison Chemical 
Atlas Powder Co. 
Schwab Plastics = 
Tinnerman Prod 


Styrocel 
Styrofan 


Styroflex 
Styrofoam 
Styromix 


Styron 
Styropor 


Styroseal 
Sulfanthrene 
Sulfogene 
Sullvac 
Sullvyne 
Sullvyne-Clad 


Sunform 


Superbia 
Super-beckacite 
Super-beckamine 
Super-beckosol 
Supercarbovar 
Super Dylan 
Superlith 

Super Modulene 


Super-Multifex 
Super-por-seal 


Super Samson 
Superior 


Supertone 
Super-tourex 
Supervac 
Supramica 
Supreme 
Surfex 
Surfynol 





Inc. 
The DoAll Co. 
Laboratories 


Spencer Chemical Co. 

Spencer Chemical Co. 

Spencer Chemical Co, 

Continental-Diamond 
bre Corp. 

John Royle & Sons 

Spraylat Corp. 


Truscon 


Sprits 
Deecy Products Co. 


A. Gusmer, Inc. 
Standard Conveyor Co. 


Weyerhauser Sales Co. 

Harwick Standard Chem- 
ieal Co. 

i? Carbon Co. 

The J. Doyle Co. 

Witco Ghemieai Co. 


The Carpenter Steel Co. 
Bradley & Vrooman Co. 


Godfrey L. Cabot, Inc. 
Philadelphia Quartz Co. 
Stoner-Mudge Co. 
Gering Products, Inc. 
H. Maimin Co., Inc. 


The Gilmen Brothers Co. 
American Viscose Corp. 


Monsanto Chemical Co. 
Robertson Co. 


H. H. 
Reichhold Chemicals, Inc. 
Jones-Dabney Co. 


Swanette 
Swirlustre 


Sylkyd 
Syloy 
Sylplast 
Syncast 


Synco 


Syncoat 


Synsize 
Synskyn 


Syntex 
Synthamica 
Synthane 


Synthe-copal 


Synthe-mul 
Syn-U-Tex 
Synvaren 


Synvarite 


Tackmaster 
Tan-O-lite 
Tan-o-tex 
Tap-Lok 


Expandable polystyrene 
ds ; ied poly- 
Plastics dispersions for 
impregnating and coat- 


ngs 
Oriented polystyrene film 
Expanded polystyrene 
Dry blended color pre- 
mixed styrene 
Polystyrene 
Expandable polystyrene 


Adhesive for 
Styrofoam 
es 


bonding 


Dyes 


Thermoplastic sheeting 
(rigid and semi-rigid) 

Unsupported vinyl plas- 
tic sheeting 

Unsupported vinyl sheet- 
ing laminated to var- 
ious metals 

Flexible sheet material 
made of glass fibers 
impregnated with a 
thermosetting resin for 
use in the fabrication 
of laminated structures 

Carbon black 

Phenolic resins 

Melamine-formaldehyde 
resins 

Isophtalic acid alkyd 
resins 

Medium color channel 
carbon black 

High-density 
ene 

Pure zine sulphide and 
concentrated lithopone 

Linear polyethylene 
(resin and molding 
compound) 

Precipitated calcium 
carbonate 

Silicone base 

Steel for plastic molds 

Sheet wax for plastic die 
work (with or without 
pressure-sensitive ad- 
hesive applied) 

Urea-formaldehyde mold- 
ing powder 

Extruded thermoplastics 

High vacuum pump 

Ceramoplastics 

Choppers, crushers, 
verizers 

Precipitated calcium car- 

nate (resin-coated) 

Organic surface active 
agents 

Precipitated calcium car- 
bonate (high purity) 

Vinyl film and sheeting 

Patterned pearlescent 
acrylic sheets and 
blanks 

Silicone alkyd resin 

Reinforced fibrous glass 


s 
polyethyl- 


pul- 


Urea-formaldehyde mold- 
ing compounds 

Polymerizable casting 
materials (liquid and 


soli 

Synthetic resins and ad- 
esives 

Synthetic resins of the 
air-dry and heat-reac- 
tive type 

Liquid urea-formaldehyde 
resins 

Vinyl coated non-woven 
fibrous glass mat 

Alkyd resins 

Synthetic mica 

Laminated plastic prod- 
ucts 

Ester gums and ester 
gum solutions 

Alkyd emulsions 

Urea-formaldehyde resins 

Liquid phenol-formalde- 
hyde resins 

Solid urea-formaldehyde 
and  phenol-formalde- 
hyde resins 


(powder, 
granules, 


and lump 


orm) 
Liquid urea-formaldehyde 
resins 


T 


Industrial adhesives 

Vinyl-coated fabric 

Pyroxlin-coated fabric 

Self-tapping, self-lock- 
ing internally and ex- 
eed threaded bush- 
ng 


Styrene Products Ltd. 

Badische Anilin- & Soda- 
Fabrik AG 

Natvar Corp. 

Dow Chemical Co. 

Gering Products, Inc. 

Dow Chemical Co. 

Badische Anilin- & Soda- 
Fabrik AG 

Narmco Resins & Coat- 
ings Co. 

E. I. du Pont de Nemours 
& Co., Inc. 

E. I. du Pont de Nemours 
& Co., Ine. 

O'Sullivan Rubber Corp. 

O'Sullivan Rubber Corp. 

O’Sullivan Rubber Corp. 

Blectro-Technical Prod- 


ucts, Div. Sun Chemi- 
cal Corp. 


Columbian Carbon Co. 
Reichhold Chemicals, Inc. 
Reichhold Chemicals, Inc. 
Reichhold Chemicals, Inc. 
Godfrey L. Cabot, Ine. 
Koppers Co., Inc. 

C. J. Osborn Co. 


H. Muehlstein & Co., 
Inc. 


The Diamond-Alkali Co. 


Truscon Laboratories 
The Carpenter Steel Co. 
The P.M.S. Co 


Lacrinoid Products, Ltd. 


Waljohn Plastics, Inc. 

Central Scientific Co. 

Mycalex Corp. of Amer- 

Franklin a. Miller & 
Son, In 

The Beamend- Alkali Co. 


Air Reduction Chemical 
Co. 

The Diamond-Alkali Co. 

Harte & Co., 

U. 8. piece” Products 
Corp. 


Dow Corning Corp. 
The General Tire & Rub- 


ber Co. 
Sylvan Plastics, Inc. 


Synco Resins, Inc. 


Synco Resins, Inc. 


Synco Resins, Inc. 


Synco Resins, Inc. 
Polyplastex United, Ine. 


Jones-Dabney Co. 

Mycalex Corp. of 
America 

Synthane Corp 

Reichhoid Chamsteala, Ine. 


Reichhold Chemicals, Inc. 
Jones-Dabney Co. 
Synvar Corp. 


Synvar Corp. 
Synvar Corp. 


Rubber & Asbestos Corp. 
Columbia Mills, Ine. 
Columbia Mills, Ine. 
Groov-Pin Corp. 








TRADE NAME 


NATURE OR TYPE OF 
PRODUCT 


COMPANY & ADDRESS 





Technoscent 


Teflon 


Textiloid 


Textrol 
Therma Fin 


Thermatron 


Thermatube 
Thermex 


Thermo-Check 
Thermo-Cote 
Thermodip 


Ther mofiex 
Thermolator 
Thermolite 
Thermomat 
Thermoscent 
THFA 
Thinflex 
Thiokol 


Thiokol 


Thionex 

Thor 

Thoro Blender 
Timken 
Titanox 

TME 


T.M.I. 
TMP 


Tolex 
Tolon 
Toolplastik 


Tourex 
Tower 


Toxilic 


Treadmaster 
Trevarno 


Triciene 


Heat resistant plastic 

odorant 

Fluorocarbon (resin, 
fiber, resin finishes, 
= Ly wire 

8) 

Phenolic cold mold ma- 
terial 

Bituminous moulding 
compound 

Hardboard 

Cellulose acetate, cellu- 
lose acetate butyrate, 
polyethylene, cellulose 
acetate propionate 

High-speed contoured 
milling machine 

Paper base laminates 

Rubber accelerator 


Polyalkylene 


Cellulose-coated fabrics 
Cellulose-coated paper 
Vinyl-coated paper 
Surface-active agents 


Vinyl-coated fabrics 
Solvent 


Rubber accelerator 


Plastic simulated to re 
semble leather 

Plastic-coated pape 

Pyroxylin-coated fabric 


Pyroxylin coated resin 
bonded composition 
(paper backed) 

Wrinkle enamels 

Extruders 


High-frequency heat 
sealing and preheating 
equipment 


Tubular 
heaters 

High-frequency preheat- 
ing equipment 


type electric 


Pipe insulation 
(expanded styrene) 
Hot melt protective strip- 
pable coatings 

Hot melt CMPD stri 
pable specification C- 
149—Type 11 

Rubber antioxidants 


Mold temperature control 

Stabilizers 

Radiant panel heater for 
industrial applications 

Deodorant for plastics 

Tetrahydrofurfury! al- 
cohol 

Masking tape 


Sulfur containing plastic 
material 

Class 1: polysulfide syn- 
thetic rubbers, organic 
sulfur-containing mate- 
rial; Class 6: (chemi- 
cals) polysulfide 
polymers, sulfur com- 

pounds, plasticizers 
Rubber accelerator 


Resin emulsions 

Dry Blender 

Tapered roller bearings 
(pig- 


ments) for plastics 
Trimethylolethane 


White colorants 


Physical testers 
Trimethylolpropane 


Fabric-supported vinyl 
Unsupported vinyl sheet- 
ing 
Plastic materials for 

tooling 


Extruded thermoplastics 
Vinyl! films and eting 


Fritzsche Bros., Inc. 


E. I. du Pont de Nemours 
& .. Ine. 


Garfield Mfg. Co. 
a Moulded Plastics 


Weyerhauser Sales Co. 
Eastman Chemical Prod- 
ucts, Inc. 


Sieburg Industries, Inc. 


The J. P. Lewis Co. 
E. L. du Pont de Nemours 


& Co., Inc. 
a du Pont de Nemours 


Mfg. Co. 
du Pont de Nemours 
“& Co., Ine 
E. I. du Pont “de Nemours 
& .» Ine. 
Farrington Textol Corp. 


Farrington Texol Corp. 

Textileather Div., Gen- 
eral Tire & Rubber Co. 

Textileather Div., Gener- 
al Tire & Rubber Co. 


Rexton Finishes, Inc. 
Davis-Standard Div., 
Franklin Research 


Corp. 
Radio Receptor Co., Inc. 


Thermel, Inc. 


The Girdler oe, Ther- 
mex Div., A Div. of 
National Cylinder Gas 


Schwab Plastics Corp. 
Bischoff Chemical Corp. 


Eronel Industries 


E. é du Pont de Nemours 
& Co., Inc. 

Industrial Mfg. Corp. 

Metal & Thermit Corp. 

Thermomat Co. 


Fritzsche Bros., Inc. 

The Quaker Oats Co., 
Chemicals Dept. 

Mystik Adhesive Prod- 


ucts Inc. 
Thiokol Chemical Corp. 
Thiokol Chemical Corp. 


E. I. du Pont de Nemours 
& Co., Inc. 

The Borden Chemica! Co., 
Div. of The Borden Co. 

The Patterson Foundry 
& Machine Co. 

Timken Roller Bearing 

The 


Co., 
Titanuim Pigment Corp. 
a Newport Chemi- 


Testing achines, Inc. 
ee Newport Chemi- 


Corp. 
Textileather Div., Gen- 
eral Tire & Rubber Co. 
Textileather Div., Gen- 
eral Tire & Rubber Co. 
Rezolin, Ine. 


Walichn Plastics, Inc. 
General 





Maleic acid and anhy- 
dride 


Industrial adhesives 
Phenolic, polyester, ep- 
oxy, silicone resin, 
glass-impregna 

cloth 

Trichlorethylene 


Tower 
Ltd. 


National Aniline Div., 
Allied Chemical & Dye 


rp. 
Rubber & Asbestos Corp. 
Coast Mfg. & Supply Co. 


E.I. du Pont de Nemours 
& -» Inc. 





NATURE OR TYPE OF 
PRODUCT 


COMPANY & ADDRESs 





Ubabond 
Ubatol 
Ultracal 
Ultramid 
Ultrapas 


Ultron 
Unibac 


Unicel 


Unichrome 
Unifab 


Unifoam 
Uniformat 
Uni-Lok 
Union Carbide 


Unirove 
US-Kon 


U.S. Naugahyde 
Unitite 

Uraec 

Urecoll 

Urecoll F 
Urefoam 

U.S.1. Isesebacic 


Uvinal 


Vuleanizing agent rad 
chlorosulfonated — 
ethylene ; pe J 
stabilizer f ki | 

Tripenteerythrito ‘ech- 
nical 
Molded trifiuorochloro- 
ethylene 
‘olyamide 


Reinforced plastic panels 

Hard PVC blocks, sheets, 
ete. 

Non-woven synthetic fi- 
ber reinforcing and 
surfacing mat 

Oriented styrene 

Teflon rod 

upholstery 


Vinyl-coated 
fabrics 

Plastic pipe, etc. 

Elect Ih 





plastic 
Tubing (cellulose acetate 
butyrate) ; extruded tran- 
sparent sleeves 
Penetrating phenolic 


sealer 

Continuous vertical dry- 
ers for plastics and 
other soli 

Lightweight supported 

vinyl fabric 

Emulsifiers 

Epoxy adhesive, filler, 
solder ? 

All resinous products 


Adhesive 
ie om tubing, coatings, 


Adhesive 
Tooling plastics 
Myee Bearer and fila- 


Rubber. and metal bond- 
ing agents 
Styrene-acrylonitrile 


Aanvtestintie solvent ce- 


Modified polystyrene 
emulsion 
Gypsum cements (mold 


ma ) 
Polyamide 
Melamine resin 


Vinyl film 

Special polymer for fab- 
ric backing 

Blowing agent 


Coatings 
Woven glass fabrics 


Flexible urethane foam 
Fibrous glass in 


form 
Uni-directional 
roving fabric 
Polyethylene, vinyl, phe- 
nolic, and polystyrene, 
plastics resins and 
compounds. 
—_— fibrous glass rov- 


Flesible electric rubber 
heating blankets for 
—— or forming 


astics 
Ruben or vinyl-coated, 
lightweight fabric 
Control Valves 


mat 


woven 


Urea adhesive resins 
Binder for wastewood 
board & articles molded 


of such 
Urea-formaldehyde 
resins 
Expanded plastic 


Mixture of isomers of 
sebacic acid 


light 


sorber; light stabil. 
izer 


National Lead Co. 


ante Newport Chemi- 
eal Corp. 

Plax Corp. 

Dynamit-Actien- 
Gesellschaft 

a Reinforced Plas- 

Dynamit-Actien- 
Geselischaft 

Troy Blanket Mills 

Dow Chemical Corp. 

Tri-Point Plastics, Inc. 

as 7 ee General Tower, 

Industrial Plastic Co. 

The Barr Corp. 


Extruded Plastics, Inc. 


McCloskey Varnish Co. 
Wyssmont Co., Inc. 


Textileather Div., Gen- 
eral Tire & Rubber Co. 

Atlas Powder Co. 

Schramm Fiberglass 
Products, Inc. 

Booty Resineers, Div. of 
American Marietta Co. 

U.S. Stoneware Co. 

U.S. Stoneware Co. 


U.S. Stoneware Co. 
Tylene Plastics, Inc. 
E. I. du Pont de Nemours 


& -» Inc. 
Marbon Chem., Div. of 


Le tate te g Corp. 
Dow Chemical Co. 


UBS Chemical Corp. 
UBS Chemical Corp. 
United States Gypsum 
Badische Anilin- & Soda- 
Fabrik AG 
Dynamit-Actien- 
Gese 


t 
Monsanto Chemical Co. 
UBS Chemical Corp. 


E. I. du Pont de Nemours 


& Co., Ince. 
Metal & Thermit Co. 
— Corp., Fiber Glass 
Wm. T. Burnett & Co. 

ne. 
> ~ Corp.,, Fiber Glass 


iv. 
Bean Fiber Glass Div., 
D.D. Bean & Sons Co. 
Union ay hs et 
tenet Co., Union 
Ay Rg "Plastics 


t. 
wae Corp., Fiber Glass 

Div. 
United States Rubber Co. 


United States Rubber Co 


Hanna Engineering 
Works 

American Cyanamid Co 

Badische Anilin- & Soda- 
Fabrik AG 


Badische Anilin- & Soda- 
Fabrik AG 
“Go. Mineral Products 











TRADE NAME 


NATURE OR TYPE OF 
PRODUCT 


COMPANY & ADDRESS 


TRADE NAME 


NATURE OR TYPE OF 
PRODUCT 


COMPANY & ADDRESS 





VA-7 
Vacform 


Valite 


Value 


Varimatic 
Varlac 


vc-V 
Vega 
Velbac 
Velbex 
Velon 
Velvetex 
Verisoft 
Versamid 
Versilan 
Vibrafoam 
Vibrathane 


Vibrin 


Vichrome 
Vicra-Lite 
Vicrtex 
Videne 


Vinac 


Vinalast 


Vinaplas-Lac 
Vinaplex 
Vinaquilt 
Vinofiex 
Vinol 

Vinrex 
Vin-So-Lite 


Vinylac 


Vinylite 


Vinylite 


Vinylam 
Violite 


Vipla 
Vitron 
Vitroplast 


Vuepak 
Vulcan 


Vulcoid 
Valtae 


Vycanac 


Vv 


Vulcanizing agents 

Vacuum forming machine 
for thermoplastic sheet 

Phenolic resins, phenolic 
— a thermoplastic 


Vinyl  pheating (unsw 
and sup ) 
— wonine 
i oss varn type 
‘Anish in rapid drying 
Vinyl cement 
Steel for plastic molds 
Napped sheeting and vi- 
= laminate 
Flexible vinyl 
Viny! film ey mo- 
nofilaments, and mul- 
tifilament 
Film and sheeting lami- 


nate 
Pigments 
Polyamide resins 


Vinyl upholstery mate- 


Polyurethane 
ates 


Polyester resins 


Vinyl enamels 
Vinyl-coated products 
Vinyl coated and impreg- 

nated products 
Polyester film 


Polyvinyl] acetate emul- 
sions 


Supported and  unsup- 
ported plastic film and 
sheeting in various fin- 

hes (em 
printed, plain ete.) 
Vinyl lacquer 


Coatings for vinyls 
Quilted plastic 
Polyvinylchloride 


Polyvinyl alcohol 


Seite 


Vinyl coatings 

Foamed ving] 
or unicellular 

Organic tackifiers 


open-cell 


Calendered vinyl film 
sheeting and clasto- 
merica vinyl molding 
and extrusion com- 


market) 
Vinyl chloride-acetate- 

coated pa 
Aluminum 
Luminescent pigments 
Polyvinyl 

acetate copol 
Glass Fiber roving 
Polyester cement 


Cellulose acetate film 
Oil furnace car 

blacks 
Resin impregnated fiber 


Alkyl pheno sulfide vul- 
canizing agents 
Calendered vinyl film 
and sheeting and elas- 
tomeric vinyl molding 
and extrusion com- 
pounds (for export 


Polyvine? chloride resin 
Clear vinyl chloride 
sheeting 


chloride-vinyl C 
ymer 


The Hamilton Tool Co. 
Atlas Coatings Corp. 


She Chemical Co. 
The Carpenter Steel Co. 
Velveray Corp. 


BX Plastics, Ltd. 
Firestone Plastics Co. 


Velveray Corp. 
H. Kohnstamm & Co., 


Inc. 
General Mills Inc., Chem- 
ical 


Landers Corp. 
United States Rubber Co. 


Naugatuck Chemical 
Div., United States 
Rubber Co. 

Naugatuck Chemical 
Div., United States 
Rubber Co. 

Interchemical Corp. 

L. E. Carpenter & Co. 

L. E. Carpenter Co. 


Gontpene Tire & Rubber 


Odes Chemical Co., 
pe. Air Reduction Co., 


Markee Ine. 


Schwartz Chemical Co., 
ne. 

Sullivan Chemicals Div. 
arbek Inc 

Badische eAnilin- & Soda- 


con “x Chemical Co., 
i Air Reduction Co., 


Rexton Finishes, Inc. 
Foam King, Inc. 


The Borden Chemical Co., 
Div. of The Borden 


Co. 
Canadian Resins & 
Chemicals Ltd. 


Bakelite Co. Div. of 
Union Carbide Corp. 

Argus Chemical Corp. 

Rhode Island Lebereter- 

ies, Ine. 

hemore Corp. 


LOF Glass Fibers Co. 

Atipe Mineral Products 

Monsanto Chemical Co. 

Godfrey L. Cabot, Ine. 

Continental Diamond Fi- 
re Corp. 

Pennsalt Chemicals 

an Resins & 

jcals Ltd. 


Cana 


General Tire S gpeteer 
Co., Chemica 


Fabric Leather Corp 


Weldfast 
Westminster 


Wetfast K 
Weyerhaeuser 
Whirlclad 


Whirlsint 
Wilfiex 


Willson 
Wilmington Fibre 
Wilson-art 
Windsor Felt 
Wing-Stay 

Witcab 

Witicizer 
Witcolblak 


Witcolith 
Wonder Under 


X-1 
Xaloy 


xx 
Xylonite 


WwW 


For laminating, compres- 
sion molding, testing 
Polyester paper flexible 

flat laminate 
~~ te = emul- 


Oil-coated fabric for wall 

A... Se 
erylic struc panels 
with decorative embed- 
ments 

Polyethylene moisture 

barirers in rolls 

Vinyl moisture barrier 

Vinyl film & sheeting 

Finely ground mica 

Vinyl roller polished on 
both sides 

Alkali-soluble, hard al- 
kyd resins 

Extruded plastic 

Testing apparatus, ac- 
celerated weathering 

Synthetic (nylon, Dac- 
ron, ete.) and fibrous 
glass reinforced vinyl 
film 


cement- 


molding ma- 
chines for experimental 
work 
an glass fabrics de- 
for boat and 
tooling applications 
Fine granulated board 
coatings and cvat- 
ing process 
Coating wders 
Vinyl ispersion com- 
poun 
Thermoplastic, thermo- 
setting film laminatons 
Vulcanized fibre 


High-pressure decorative 
laminated sheets 
Non-woven bonded fibre 


material 
Alklyated phenol antiox- 
idant 


n 

Hydrogenated stearic 
acid 

Plasticizers 

Carbon black 

Carbon black 

As backing and/or lami- 
nation, padding, cush- 
Interfa reinforcing, or 
interfacing medium for 

l types of vinyl and 

a other plastics 

Molding material used 
for molded decorative 
accessories (Syrocco 
and Syroccowood) 

Resin base adhesive 

Flexible shaft equi 


Weta Metal Products 

Mc. Gill Corp. 

= as Chemicals, 
ne. 

Columbus Coated Fab- 
rics Corp. 

Wasco Products, Inc. 

Wasco Products, Inc. 

Wasco Products, Inc. 

Harte & Co., Inc. 

The English "Mica Co. 

8.1. Jacobson Mfg. Co. 

Reichhold Chemicals Inc 


Maynard Plastics Co. 
Atlas Electric Devices 
Cc 


0. 
Weblon, Inc. 


The Fibercast Corp. 
Dowding & Doll Ltd. 


Coast Mfg. & Supply Co. 
Weyerhaeuser Sales Co. 


The Polymer Corr. 


The Polymer Corp. 
Flexible Products Co. 


Willson Camera Co. 

Wilmington Fibre Spe- 
cialty Co. 

Ralph Wilson Plastics, 
Inc. 

American Felt Co. 

Gueivese Tire & Rubber 

Chemical Co. 

Witco Chemical Co. 

Witco Chemical Co. 


Witeo Chemical Co. 
Pellon Corp. 


Witeo 


Syracuse Ornamental 
Co., Ine. 


National Starch 
Wy k & 





Vinyl-coated fabric 


x 


Plasticizing oil 

Wear resistant ferrous 
alloy used in bimetallic 
extruder cylinders 

Zine oxi 

Cellulose nitrate 


Z 


Anti-static agent 
Rubber accelerutor 
Plasticized vinyl coating 
Resin finishes 

Nylon resin 


Chloride—containing res- 
ins & compounds 


Staff, Inc. 


The Pantasote Co 


Neville Chemical Co. 
Industrial Research Lab- 
oratories, Div. 
Honolulu Oil “Corp. 
The New Jersey Zinc Co. 
BX Plastics Ltd. 


E. I. du Pont de Nemours 
& Co., Inc. 
E. I. du Pont de Nemours 


& Co., Inc. 
a Mineral Products 
0. 
E. I. du Pont de Nemours 
& Co., Inc. 
E. I. du Pont de Nemours 
= du Pont de Nemours 


Co., Inc. 
Union Carbide Corp. 











ALPHABETICAL LIST OF 
MANUFACTURERS AND ADDRESSES 








A 
ABA Tool & Die Co., 1395 


Tpke., Manchester, Conn. 
AGP Corp., 320 W. Main St., Peru, Ind. 
A & O Plastics Co., 1313 Warren Ave., 

Downers Grove, i. 

A.S.K. Mfg. Co., 1343 N. 
Philadelphia, Pa. 

Aacon Industries, Inc., 
Brooklyn 24, N. . 2 

aaRBee Plastic Co., 4505 W. 
Blvd., Los Ange sles 16, Calif. 

Abbe Engineering Co., 50 Church St., 
New York 7, N. Y. 

* Abbé, Paul ~~ Inc., 257 

Little Falls, N. 
Abbott Bin Rated Co., 117-123 Peter St., 

Union City, N. J. 

Abbott Plastic Machine Corp., 7124 N. 
Clark St., Chicago 26, Ill. 
Able Container Co., 3021 W. 

Chicago 29, IIl. 

Acco +c. 230 W. 
York 36, N. Y. 

ve Gold Stamping C 5 Inc., 

17th St., New York 11, 7 

Accurate Steel Rule Die Nie. 22 W. 
21st St., New York 10, N. Y. 

*Ace Plastic Co., 91-62 Van W yck Expwy, 

Jamaica 27, N. 4 
Ace Tool & Mfg. Co., 

Newark 5, N. J. 
Aceto Chemical Co., Inc., 

ence St., Flushing 54, N.Y. 

*Acheson Dispersed Pigments Co., 1421 

Chestnut St., Philadelphia 2, Pa 

* Ackerman-Gould Co., 92 Bicecker _.. 

New York 14, N. Y. 

Ackerman Plastic Molding Div., 
solidated Iron-Steel Mfg. Co., 
53rd St., Cleveland 14, Ohio 

Acme Laminating & Plastic Co., 7207 E. 
McNichols St., Detroit 12, Mich. 

*Acme Machinery Mfg. Co., Inc., 20 S. 

Broadway, Yonkers, N. Y. 
Acme Partition Co., 151 

Newark, N. J. 

Acme Plastic Products Co., Inc.., 
& Doyle Sts., Doylestown, Pa. 

Acme Resin Corp., 1401 S. Circle Ave., 
Forest Park, IIl. 

Acme Scientific Co., 
St., Chicago 7, Il. 

Acor Plasticover Co., Inc., 
St., New York, N. Y. 

*Acromark Co., The, 

Elizabeth, N. J. 
Adams Plastic Products, 309 Findlay St., 

Cincinnati 14, Ohio 

*Adamson United Co., Subsidiary of 

United Engineering and Foundry Co., 

730 Carrol St., Akron 4, Ohio 
Adell Plastics, Inc., 5208 Eleanora Ave., 

Baltimore 15, Md. 
Adhesive Products S, 

Ave., New York 60, N. Y. 
Adhesive Products, ta The, 

Shore Hwy., Albany 10, Calif. 

* Admiral Coated Products, Inc., 38 Tiffany 

Pl., Brooklyn 31, N. Y 
Advance Molding Corp., 

New York 10, N. Y. 


% Indicates Advertiser 


Tolland 


Howard St., 
1905 Surf Ave., 
Jefferson 


Center Ave., 


63rd St., 
4list St., New 


12 W 


532 Mulberry St., 


40-40 Lawr- 


Con- 
1290 E. 


Fabyan PI., 


Harvey 


1450 W. Randolph 


162 W. 2\st 


5-15 Morrell St., 


1660 Boone 


520 E. 


54 W. 21st St., 


1194 


5. 
*Allied Chemical 


*xAdvance Solvents & Chemical Div. of 
Carlisle Chemical Works, Inc., P.O. 
Box 631, New Brunswick, N. J. 

*Aerojet-General Corp., Structural Plas- 
tics Div., 6352 N. Irwindale Ave., 
Azusa, Calif. 

Aetna Electronics Corp., 207 Stonehinge 
Lane, Carle Place, Long Island, N. Y. 

*Aetna Standard Engineering Co., Pitts- 
burgh, Pa. 

Aetna Plastic Die Corp., 7124 Touhy 
Ave., Chicago 31, Ill. 

Agrashell, Inc., 4560 E. 26th St., 
Angeles 22, Calif. 

Airconductors, 367 E. Olive St. 
Calif. 

Air Cruisers Div. of The Garrett Corp., 
P.O. Box 180, Belmar, N. J. 

Air Reduction Co., Inc., Colton Chemical 
Co., 1747 Chester Ave., Cleveland 14, 


Ohio 
Airmate Co., 1150 Nebraska St., 


Toledo 
7, Ohio 


Airmate Valve, Inc., 7313 Associate St., 
Cleveland 9, Ohio 


Los 


, Gardena, 


New 
3242 


150 E. 
42nd St., New York 17, N. Y. 
Main St., Cuyahoga Falls, Ohio 
6103 Clara St., 
Gardens, Calif. 
17 Simonds Rd., 
Fitchburg, Mass. 
Rockwell St., Chicago 18, il. 
son 4, N. J 
Avon by the Sea, N. 
Bldg., Pittsburgh 22, Pa. 
and 
cal Div., 40 Rector St., New York 
Rector Street, New York 6, N. Y. 


Airoyal Co., The, 1990 Springfield Ave., 
Maplewood, N. 
Air Reduction Chemical Co., 
Akromold, " Inc., 102 W. Wilbeth Rd., 
Akron 1, Ohio 
*Akron Presform Mold Co., The, 2038 
Aksjeselskapet Ancas, Prinsensgate 2, 
Oslo 6, Norway 
Al-Be Industries, Bell 
Albert L., & Son, Nottingham Way, 
Trenton, N. J. 
Alcon Plastics, Inc., 
Alda a? _Inc., 154 Grand St., 
York 1 Y. 
Alden & By Printing Inks Co., 4030 N. 
Aldrich Pump Co., The, Foot of Pine St., 
Allentown, Pa. 
Alframine Corp., 72 Putnam St., Pater- 
Alkydol Laboratories, Inc., S. 50th 
Ave., Cicero 50, Il. 
All Plastics Corp., Field & Main St., 
4. 
Alladin Plastics, Inc., 5771 W. 96th St., 
Los Angeles 45, Calif. 
Allegheny Ludlum Steel Corp., Oliver 
Allegheny Plastics, Inc., Rt. 51 
Thorn Run Rd., Coraopolis, Pa. 
*Allied Chemical Corp., General Chemi- 
*Alhed Chemical Corp., National Aniline 
Div., 40 Rector St., New York 6, N.Y. 
*Allied Chemical Corp., Nitrogen Div., 40 
*Allied Chemical Corp., Plastics & Coal 
Chemicals Div., 1 River Road, Edge- 
water, N 


Corp., Semet-Solvay 
Petrochemical Div., 40 Rector Street, 
New York, N. Y 


*Allied Chemical Corp. Solvay Process 


Div., New York, N. Y 
Allied Engravers, Inc., 


552 W. Broad- 
way, New York 12, N. Y. 


Allied rg et et & 5 ie Co., 17-2] 
Elm St., Buff 

Allied Mfg. Co., 3206 = 25th Ave.S., 
Seattle 44, Was 

Aled Plasto Mold Inc., 17 Vreeland St., 

Allied Plastics Supply Corp., 75 Cliff St., 
New York 38, 

Allied Plasti-Lite eels Inc., 2712 
18 LaSalle St., St. Louis 4, Mo. 
Allied Resins Inc., Commerce St., Con- 

neaut, Ohio 
Allis-Chalmers Mfg. Co., 1163 S. 70th 
St., Milwaukee 1, Wis. 
All Purpose Roll Leaf Corp., 37 W. Cen- 
tury Rd., Paramus, N. J. 
Almoc Mfg. Co., 9641 El Poche St., 
Monte, Calif. 
Almor Plastics ai 1125 Close Ave., 
Bronx 72, N. 
Alpha Chemical & atte Corp., 11 
Jabez St., Newark 5, N. J. 
Alpha Plastics Inc., 78 Okner Pkwy., Liv- 
ingston, N. 
* Alsteele Engineering Works, Inc., 82 
Herbert St., Framingham, Mass. 
Alsynite Co. of America, 4654 De Soto 
St., San Diego 9, Calif. 
Aluminum Co. of 7% 1501 Alcoa 
Bldg., Pittsburgh 19, 
Alva Allen Industries, 4S. & 13 Junction, 
Clinton, Mo. 
Alvimar Mfg. Co., 1881 Park Ave., N. Y. 
Ambassador Arts, "124 W. 24th St., New 
York 11, N. Y. 
Ambassador Plastics & Mfg. Corp., 308 
W. Erie St., Chicago 10, Ill. 
Ange Plastic "Materials, Inc., 96 Fourth 
, Brooklyn 31, N. Y. 
aumleaes Agile Corp., 5461 Dunham Rd., 
Maple Heights, Ohio 
* American Air Filter Co., 215 Central Ave., 
Louisville, Ky. 
American Alkyd Industries, Carlstadt, 


N. 

American 2. eee Corp., E. Green- 
wich, R. 

American Chain & Cable Co., Inc., Alli- 
son-Campbell Div., 929 Connecticut 
Avenue, Bridgeport 2, Conn. 

American Combining Corp., 72-36 Bur- 
chell Ave., Arverne 92, N. Y. 

* American Cy sanamid Co., ‘Organic Chemi- 
cals Div., 30 Rockefeller Pl., New 
York, 20, N. Y. 

*xAmerican Cyanamid Co., 
Boundbrook, N. J. 

* American Cyanamid Co., Plastics & Res- 
ins Div., 30 Rockefeller Pl., New York 

* American ‘Cyanamid Co., Dyestuff Div., 
Boundbrook, N. J. 

American Duralize oe. ., 261 Fifth Ave., 
New York 16, N. 

American Felt Co., 1 ‘Glenv ille Rd., Glen- 
ville, Conn. 

American Hard Rubber Co., Div. of 
Amerace Corp., Ace Rd., Butler, . M 

American Hydrotherm Corp., 10-55 Jack- 
son Ave., Long Island City 1, N. Y.- 

American Instrument Co., Inc., 8050 
Georgia Ave., Silver Spring, Md. 

# American Insulator Corp., New Freedom, 
Pa. 

American Lacquer Solvents Co., P.O. Box 
271, Phoenixville, Pa. 


Pigments Div., 








American-Marietta Co., Adhesive, Resin, 
& Chemical Div., 3400 — 13th Ave., 
S.W., Seattle 4, Wash. 

American Me 5 ae) — Bruck- 
ner Blvd., New York 54 

American Molded Fiberglass: 85 Fifth 
Ave., Paterson 4, N. J. 

American Molding Co., 2002 Davis St., 
San Leandro, Calif. 

* American Molding Powder & Chemical 
Corp., 703 Bedford Ave., Brooklyn 6, 


N. Y. 

American Plasticraft Co., 2027 Williams- 
bridge Rd., New York’ 61, N. Y. 

American Plastics Corp. "y 342 Madison 
Ave., New York 17, N 

American Products Mfg. a 8127 — 33 
Oleander St., New Orleans 18, La. 

American Pulverizer Co., 1249 Macklind 
St., St. Louis 10, Mo. 

American Pyroxylin Corp., P.O. Box 193, 
Arlington, N. J. 

American Rattan & Reed Mfg. Co., Div. 
of Janson Industries, Inc., 268 Norman 
Ave., Brooklyn 22, N. Y. 

*American Steel Foundries, Elmes En- 
gineering Div., 1153 Tennessee Ave., 
Cincinnati 29, Ohio 

American Resin Corp., 3215 N. Sheffield 
Ave., Chicago 13, I Tl. 

* American Thermoplastic Corp., 750 
Union Ave., Union, N. J. 

Amercoat Corp., 4809 Firestone Blvd., 
South Gate, Calif. 

Ameriplastic Co., The, 3161 Torrey Rd., 
Flint 7, Mich. 

Amoco Chemicals Corp., 910 S. Michigan 
Ave., Chicago 80 rit 

*Amos Molded Plastics Div., Amos- 
Thompson Corp., Edinburg, Ind. 

Amplex Mfg. Co., 2325-31 Fairmount 
Ave., Philadelphia 30, Pa. 

Amsco ’ Packaging Machinery, Inc., 31-31 
48th Ave., Long Island City 1, N. Y. 
Amston Plastic Engineering Corp.. Rt. 

85, Amston, Conn. 

* Anchor Plastics Co., 36-36 36th St., Long 
Island City 6, N. %. 

Anders Corp., 72 Gray St., Paterson, N. J. 

Anderson Die & Mfg. Co., 6840 S.W. 
Macadam St., Portland 1, Ore. 

Anesite Co., 3575 Touhy St., Chi. 45, Iil. 

Angier Adhesives, Div. of Interchemical 
ag 120 Potter St., Cambridge 42, 


Mas: 

tian G.M.B.H. Munchen, Gendor- 
Flobb, Germany 

* Anson Tools & Gages, Inc., 2733 W. 11th 

Erie, Pa. 

eae Chemicals, Div. of General Ani- 
line & Film Corp., 435 Hudson St., 
New York 14, N. Y. 

*Apex Machine Co., 14-13 118th St., 
College Point 56, N. Y. 

Apex Reinforced Plastics Div., White 
Sewing Machine Corp., Washington & 
Elm Sts., Cleveland 13, Ohio 

*Appleton Machine Co., Doven Div., 
Appleton, Wis. 

Applied Plastics Co., Inc., 
El Segundo, Calif. 

Applied Plastics Div., Keystone Brass 
Works, Inc., 944 W. 12th St., Erie, Pa. 

* Applied Radiation Corp., 2404 N. Main, 
Walnut Creek, Calif. 

Applied Resins Corp., W. Greenbrook 
Rd., N. Caldwell, N. J. 

Aquador Plastics, Inc., 62 — 18th St., 
Brooklyn 32, N. Y. 

Arabol Mfg. Co., 110 E, 42nd St., 
York 17, N. y. 

Archer-Daniels-Midland Co., 

« mus Ave., Newark, N. J. 

Archer-Daniels-Midland Co., 700 In- 
vestors Bldg., Minneapolis i, Minn. 

Archer Label Co., 783 Kohler St., Los 
Angeles 22, Calif. 

Argenta Products Co., Garnerville, N. Y. 

* Indicates Advertiser 


130 Penn St., 


New 


400 Dore- 


Argo Plastic Products Co., Inc., 1095 
Brookpark Rd., Cleveland. 9, Ohio 
*Argus Chemical Corp., 633 Court St., 

Brooklyn, 31, N. Y. 

Aries La ratories, 7 45-33 Davis St., 

Long Island City 1, N. Y. 
ocrat Plastics, Inc., 23-25 Sussex 
Ave., Newark 3, N. J. 

Armen, Inc., 8-22 Astoria Blvd., Long 
Island City & N. Y. 

Armitage, John L., Co., 245 Thomas St., 
Newark 5, N. 

Armored Plastics Co., Div. of Globe- 
Wernicke Industries, Inc., Lint & Dura 
Sts., Toledo, Ohio 

Armour & C 0., Coated Abrasives Div., 
Alliance, Ohio 

Armstrong Cork Co., W. Liberty St., Lan- 
caster, Pa. 

Armstrong Machine Works, 932 Maple 
St., Three Rivers, Mich. 

Armstrong Products Co., P.O. Box l, 
Warsaw, Ind. 

Arnkurt Associate . < 31 E. 27th 
St., New York 16, N. Y. 

Arrem Plastics, Inc., 319 N. Albany St., 
Chicago 12, Ill. 

Art Decorating Co., Inc., 4201 Hudson 
Blvd., N. Bergen, N. J. 

Art Plastics Mfg. Co., 1240 S. Main St., 
Los Angeles 15, Calif. 

Artag eck 2853 Irving Park Rd., 
Chicago 18, Il 

vat stics Corp., 2853 Irving Park 

Chicago 18, Til. 

Artmor Plastics Corp., 1003 Oldtown Rd., 
Cumberland, Md. 

Askania Regulator Co., 240 E. Ontario 
St., Chicago, Ill. 

Asmidar Plastic Moulding Machines Ltd., 
116 Victoria St., London, England 
Associated Rubber & Plastic Corp., 2780 

Park Ave., New York 51, N. Y. 

Athol Mfg. Co., Athol, Mass. 

Atkins & Merrill, Inc., Boston Post Rd., 
S. Sudbury, Mass. 

Atlantic Mfg. Co., Ninth & Master Sts., 
Philadelphia 22, Pa. 

Atlantic Plastics Inc., 60 Bonner St., 
Stamford, Conn. 

Atlas Coatings wy 5-35 47th Ave., 
Long Island City 1, N. Y. 

*Atlas Electric Devices Co., 4114 N. Rav- 
enswood Ave., Chicago 13, Til. 

Atlas Hydraulics, Inc., 3576 Ruth St., 
Philadelphia 34, Pa. 

Atlas Mineral Products, Mertztown, Pa. 

Atlas Plastics, Inc., 115 Rt. 46, Little 
Ferry, N. J. 

Atlas Plastics, Inc., 681 Seneca St., Buf- 
falo 10, N. Y. 

*Atlas Powder Co., Wilmington 99, Del. 

Atlas-Sandt Corp., 240 W. 23rd St., New 
York 11, N. Y. 

*Atols Tool and Mold Corp., 5005 W. 
Armitage Ave., Chicago 39, ill. 

*Auburn Plastics Engineoring, 4914-24 §S. 
Loomis St., Chicago 9 

* Auburn Plastics, Inc., Auburn, N. Y. 

Augusta Plastics, Inc., 3820 Boston Post 
Rd., Bronx 69, N. Y. 

Automatic Methods Inc., 965 W. Grand 
St., Elizabeth, N. J. 

* Automatic Molding Machine Co., Sub- 
sidiary of Wagner Brothers, Inc., 3201 
Exposition Pl., Los Angeles 18, Calif. 

Automatic Plastic Molding Co., 830 Ban- 
croft Way, Berkeley 10, Calif. 

Automatic Steam P ucts, 140 W. 31st 
St., New York 1, N. Y. 

*Auto-Vac Co., The, 1984 State St. Ext., 
Bridgeport 5, Conn. 

Avery Adhesive Label Corp., 1616 S. 
California Ave., Monrovia, Calif. 

Avsco, Inc., 940 Isley Blvd., Excelsior 
Springs, Mo. 

Axel Plastics Research Laboratories, 1061 
Manhattan Ave., Brooklyn, N. Y. 

Ayres, Samuel, Jr., Associates, 711 Boyls- 
ton St., Boston 16, Mass. 


*Badische Anilin- 


*Bakelite Co., Div. 


*Barber-Colman Co., 1400 Rock St. 
*Barber-Colman Co., 


*Battenfeld, Gebr., 


B 


Chemical Co., 784 Memorial Dr., 
x= 39, Mass. 


*B. L. P. Engineering Ltd., Streetly Works, 


Sutton Coldfield, England 
B X Plastics Ltd., London E.4, England 
Bacon & Weber, 1121 N. Ashland Ave. i 


Chicago 22, ri. 
& Soda-Fabrik AG., 

Ludwigshafen a. Rhein, W. Germany 

Bahlke, Alfred F., 273 Snyder Ave., 
Berkeley Heights, N. J. 

Bailey, R. N., & Co., Inc., 11 W. 42nd St., 
New York 36, N. Y. 

of Union Carbide 

Corp., _ Lexington Ave., New York 
G hs 

Baker Bros., Inc., 1000 Post St., Toledo, 
10, Ohio 

Baker Castor Oil Co., The, 40 Avenue A, 
Bayonne, N. J. 

Baker Perkins Inc., 1000 Hess St., Sagi- 
naw 3, Mich. 

Baldwin-Lima-Hamilton Corp., 545 N. 
Third St., Hamilton, Ohio 

Ball & Jewell, Inc., 24-28 Franklin St., 
Brooklyn 22, N. Y. 

Balsa Ecuador Lumber a ae ., 500 Fifth 
Ave., New York 36, N. Y. 

Bamberger, Claude P., Inc., 
Vernen St., Ridgefield Pk... N 

Bangor Plastics Inc., Washington St., 
Bangor, Mich. 


1 Mount 
> ae 


, Rock- 

ford, Ill 

Wheelco _Instru- 
- Div., 1300 Rock St., Rockford, 
Ill. 

Barco Mfg. Co., 500 Hough St., Barring- 
ton, Ill. 


*Barron, J. E., Plastics Inc., 807 Sycamore 


St., Cincinnati 2, Ohio 
Meinerzhagen, W. 


Germany 

Barksdale Valves, 5125 Alcoa Ave., Los 
Angeles, 58, Calif. 

Barr Corp., The, 12709 91st Ave., Rich- 
mond Hill, N. Y. 

Barradas, George, Riverview Ct., 
ville, Conn. 

Barrett Varnish Co., 1532 S. 50th Ct., 
Cicero 50, Ill. 

Bart Mfg. Corp., 229 Main St., Belleville 
9, N. 

Basic Plastic Materials, Howard St., Win- 
chester, : 

Bauer, Dr. George, Box 531, Keene, N. H. 

Baw Co., 9704 Frankstown Rd., Pitts- 
burgh 35, Pa. 

Baxter Co., The, 2060 Reading Rd., Cin- 
cinnati 2, Ohio 

Beach-Russ Co., 50 Church St., 
York 7, N. Y. 

Beacon Plastic & Metal Products, Inc., 
280 Madison Ave., New York 16, N. Y. 

Beaman Plastics, 1702 N. E. Sandy Blvd., 
Portland 14, Ore. 

Bean, D. D., & ig Co., 
Glass Div., ” Jaffrey, N , 

Beardsley & ‘Piper Div., PMCo., 2424 N. 
Cicero St., Chicago 39, Ill. 

Becco Chemical Div., Ford Machinery - 4 
— Co., Station B, Buffalo 7 
N 


Glen- 


New 


Bean Fiber 


’ 


Beck, Charles, Machine Corp., Church 
Rd., King of Prussia, Pa. 

Becker & Becker Assoc., 300 Park Ave., 
New York 22, N. Y. 

Becker & van Hiillen, Niederrheinische 
Maschinenfabric, Untergath 100, Kre- 
feld, W. Germany 

Becwar Mfg. Corp., 28 Industrial Road, 
Addison, Ill. 

Bedford Products, 
Roanoke, Va. 


Inc., P. O. Box 36, 





Bee Chemical Co., Logo Div., 12933 S. 
Stony Island Avenue, Chicago 33, Il- 
linois 

Beel Engineering, Co., 411 Mulberry St., 
Newark 2, N. J. 

Beetle, Carl N., Plastic Corp., 145 Globe 
St., "Fall River, Mass, 

* Belding Corticelli os 1407 Broad- 
way, New York 18, N 

Beinert, John David, 16 E. ‘52nd St., New 
York 22, N. 

Bel-Art Products, 4917 Murphy Pl., W. 
New York, N. J. 

Bellows Co., The, 230 W. Market St., 
Akron 3, Ohio 

Bemis Bro., Bag Co., 408 Pine St., St. 
Louis 2, Mo. 

Benchmaster Mfg., Co., 1835 W. Rose- 
crans Ave., Gardena, Calif. 

Bensing Bros. & Deeney, 3301 Hunting 
Park Ave., Philadelphia 29, Pa. 

ae yt Co., 1253 Atlantic Ave., Brook- 
yn, N 

Ber-Design ‘Associates, 41 Smith St., 
vington 11, N. J. 

Bergen Mold & Engineering Co., 115 
Route 46, Little Ferry, N. J. 

Bergen Wire Rope Co., 454 Gregg St., 
Lodi, N. J. 

Bernard Pladtics Molding Corp., 38-40 
a St., Long Island City i. New 
York 

Berkander, George F., Inc., 891 Broad 
St., Providence 7, R. I. 

Berkeley Engineering & Mfg., Co., 273 
Snyder Ave., Berkeley Heights, N. J. 

Berni, Alan & Associates, Inc, 580 Fifth 
Ave., New York 36, N. Y. 

*Berstoff, Herman, Maschinenbau-Anstalt- 
Gmbh, Hanover, German 

Berthelsen Engineerin Works, Inc., P. O. 
Box 1423, Joliet, Il. 

Berton rey: Inc., 79 Fifth Ave., 
York 3, N. 

*Bestwall C Sikes Teed Sales Corp., 120 
E. Lancaster Ave., Ardmore, Pa. 

Bethlehem Steel Co., Bethlehem, Pa. 

Bex Industries, Inc., 210 Fifth Ave., New 
York 10, N. Y. 

Biggs, Carl H., Co., Inc., 2255 Barry Ave., 
Los Angeles 64, Calif. 

Bijur Lubricating Corp., W. Passaic St., 
Rochelle Park, N. J. 

Binks Mfg., Co., 3114-44 W. Carroll Ave., 
Chicago 12, Ill. 

Bios Laboratories, Inc., 17 W. 60th St., 
New York 23, N. Y. 

Birckhead Corp., 5205 Fairlawn Ave., 
Baltimore 15, Md. 

Bischoff Chemical Corp., Ivoryton, Conn. 

Bishop Manufacturing Corp., 10 Canfield 
Rd., Cedar Grove, N. J. 

Bjorksten Research Laboratories for In- 
dustry, Inc., P. O. Box 1175, Madison 


1, Wis. 
Blacher, B., 
ry 


New 


752 Broadway, New York 3, 


N. Y. 
*Black-Clawson Co., The, Dilts Div., 46 
N. First St., Fulton, N. Y. 
*Blackhawk Molding Co., Inc., 
cial Rd., Addison, Ii. 
Blackman Plastics, 5880 Blackwelder St., 
Culver City, Calif. 
Blackwell Plastic Molding Co., Inc., 5606 
Cavanaugh St., Houston 21, Tex. 
Blane Corp., The, 35 Pequit St., Canton, 
Mass. 
Blaw-Knox Co., 300 Sixth Ave., 
burgh 22, Pa. 
Blodgett, G. S., Co., Inc., 50 Lakeside 
Ave., Burlington, Vt. 
Bloomfield Molding Co., 147 Bloomfield 
Ave., Bloomfield, N. J. 
Bloomingdale Rubber Co., Roosevelt & 
a Aves., P. O. Box 453, Aberdeen, 
M 
Blossom mF Co., 292 Fifth Ave., New 
York 1, : 2 
*& Indicates Pact 


Commer- 


Pitts- 
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*Blue, E. ne 


*Borco Chemicals, Inc. 


*Brabender Co 


Blow-O-Matic Corp., The, P. O. Box 
9100, Bridg ee 1, Conn. 
., Connecticut Ave., S. 
Norwalk, 


—s Bastion” Inc., 12th & Orchard 
Blum, Paul, Co., 312-316 Larkin St., Buf- 

falo 10, 'N. ¥. 
10 W. 93rd St., 


Biume Margaret, 
New York 25, N. Y. 

Boice-Crane Co., 930 W. Central St., To- 
ledo 6, Ohio 

Bo-Mer Mfg.. Co., +. 40-42 Washing- 
ton St., Auburn, N jl ¥. 

Bond Adhesives Or Box 406 Main P. O., 
Le a City 3, J. 

= en Co., S. Portland 

~ Brooklyn 17, 


N. 
*Bonnot Co., The, 722 Mylberry Rd., Can- 


ton, Ohio 

Bonwit, Dr. G. ag a 17 W. 60th St., 
New York 23, 

Bonwit, Eric. 431 N Dearborn St., Chi- 
cago 5, 


Til. 
* Boonton Molding Co., 326 Myrtle Ave., 


Boonton, N. J. 
Booty Resineers Div. of American Mari- 
etta Co., 42 S. Third St., Newark, Ohio 


3105 N. Cicero 
Ave., Chicago 4}, 

Borden Chemical Co., The, Div. of The 
Borden Co — 350 Madison Ave., New 
York 17, . a 

Borden Co., ‘Ths, Chemical Div., Polyco. 
Dep'’t., 101 Foster St., Peabod: , Mass. 

Borden Co., The, Resinite Dep'’t., P. O. 
Box 1589, Santa Barbara, Calif. 

Borkland Mfg., Co., 803 Quarry Rd., 
Marion, Ind. 

Bortman Plastics Co., 183 Essex St., Bos- 
ton 11, Mass. 

Boruski, Ernest F., Jr., 
New York 25, N. Y 

Boyden Plastics Inc., 
Taunton, Mass 


290 Riverside Dr., 
"34 Plastic Ave. os 


, 244 Saddle River Rd., 
Rochelle Park, °N. J. 


*Brabender, C. W., Instrument Inc., 50 E. 


Wesley "St. S. ” Hackensack, N. J. 

Bradley & Vrooman Co., 2629 S. Dear- 
born St., Chicago 16, Ii. 

Brady, W. H., ., 727 W. Glendale 
Ave., Milwaukee 9, Wis. 

Bricmar Mfg. Corp., 144 Duane St., New 
York 13, N. Y. 

Bridgeport Moulded Products Inc. 
Kings Highway Cut-off, Fairfield, 
Conn. 

Brilhart Plastics Corp., Old Country Rd., 
Mineola, N. Y. 

Brilmayer, E. W., Labs. Inc., 86 Fulton 
St., New York 38, N. Y. 

Brinks Plastics, Inc., 3353 W. Chicago 
Ave., Chicago 51, tll. 

British Machines & Foundry Supplies 
Ltd., Div. of British Industries —e 
80 Shore Rd., Port Washington, N. Y. 

British Moulded Plastics Ltd., Waltham- 
stow Ave., London E. 4., England 

British Geon Ltd., Devonshire House, 
Piccadilly, London W. 1, England 

British Resin Products Ltd., Devonshire 
poe, Piccadilly, London W. 1, Eng- 
an 

Bro-Dart Industries, 59 E. Alpine St., 
Newark 5, N. J. 

Brooklyn ey Co., Inc., 78 Prince St., 
Brooklyn 1, N. Y. 

Brook Molding «Fei 30 Industrial Way, 
Norwood, Mass. 


*Brosites Machine Co., Inc., 50 Church 


St., New York 7, N. Y 

Brown Co., 150 Causeway St., Boston 14, 
Mass. 

Brown Machine Co., Beaverton, Mich. 

Brulene Coated Textiles, 1245 Gates 
Ave., Brooklyn 21, N. Y. 

Brulin & Co., Inc., 2939-45 Columbia 
Ave., Indianapolis 7, Ind. 


*Brunswick-Balke-Collender Co., The, De. 
fense Products Div., 1700 Messle: St., 
Muskegon, Mich. 

Brush N. Nail Bolt Co., Green- 
wich, Conn. 
Brutier Products Co., rs Paterson 
Plank Rd. Secaucus, 
Buckeye Cellulose ulose Corp.» 
Ave., Mem his 8, Ti 
Moldi Co., 213 S. Third St, 


eB 
Ce 1127 S. Main St., 


Oshk 
Budd Co., pets Eastford, Conn. 
Budscraft Inc., = a St., Min- 
neapolis 21, 


= : ONT Leslie t 136 Liberty St., New 
or 
Bureau, Achille cG. Industrial 2 
W. 57th St. New York 19 
— Molding Corp., ty Rd., 
Burlington, N. C. 
Burnett, William T., & Co., Inc., 
Bush’ St., Baltimore 30, Md. 
*Busada Mfg. Corp., 58-99 54th St., Mas- 
peth 78, N. Y. 
Buss Ltd., Basel 2, Switzerland 
Buss Machine Works, 8th & M. P. St. 
Holland, Mich. 
*Butterfield, T. F., Inc., 56 Rubber Ave., 
Naugatuck, Conn. 
Buttondex Corp., 386 Fourth Ave., New 
York 16, N. Y. 
*Byrd Plastics, Inc., 2957 W. 12th St., 
Erie, Pa 


Jackson 


C 


CF. , Cincinnati Testing & Re- 
ee lke. P. O. Box , 227, 1240 
Glendale-Miliford Rd., Cincinnati 15, 

io 
*Cabot, Godfrey L., Inc., 77 Franklin St., 
Boston 10, Mass. 
Caco Inc., 1193 W. Second St., Domona 


1, Calif, 
-» Lockport-Olcott 


Cadet Chemical Corp 
Rd., Burt 1, N. a a 
*Cadillac Plastic & Chemical Co., 151 
Second Blvd., Detroit 3, Mich. 
*Cady & Co., B. J., 630 N. Harlem Ave 
River Forest, Ill. 

Calcon Mfg. Co., Inc., 100 Oakland Ave., 
Washington 1, Pa. 

Caldwell Products Inc., 14 Pelham Pkwy., 
Pelham Manor, N. Y. 

Calfibe Co., Inc., P. O. Box 832—Red- 
lands, Wabash & W. Colton Sts., Men- 
tone, Calif. 

Callanan, J. A., Co., 118 S. Clinton St., 
Chicago 6, Ill. 

*Cambridge Instrument Co., Inc., 3528 
or Central Terminal, New York 17 

Cameron Inc., 4611 N. Clark St., Chi- 
cago, Ill. 

Cameron Machine Co., Franklin Kd 
Dover, N. J. 

Camin Laboratories Inc., 104 S. 4th St., 
Brooklyn 11, N. Y. 

Campbell Seng’ Corp., Harry T., 100 W 
Pennsylvania Ave., ‘Baltimore 4, Md 

*xCampco, Div. of Chicago Molded Prod- 
ucts Corp., 2721 N. Normandy Av: 
penny 35, IL 

Campro Co., The, 3131 Alliance fd. 
N. E., Canton 1, Ohio 

Canadian General-Tower Ltd., 52 Mid- 
dleton St., Galt, Ont. Canada 

Canadian Industries Lt 
Montreal, Que.., Seo Na 

Canadian Resins & Chemicals Ltd., 600 
Dorchester St., W. Montreal 2, Que., 
Canada 

Canton Containers Inc., 1101 Ninth St. 
S. E., Canton 9, Ohio 

Cantor, Robert Lloyd, 15 Gulf Rd., New 
Brunswick, SE 4 

Industries Inc., S. Main St., Capac, 
Mich. 


. Box 10, 





*Capitol Plastics Co., Inc., 1122 May St., 
Lansing 5, Mich. 


Carbert Mfg. Co., Inc., Subsidiary of 
Pneumatic Scale Corp., Ltd., 143 Sid- 
ney St., Cambridge 39, Mass. 

xCarbic Color & Chemical Co., ey eI 
Washington St., New York oe b oe 

Carboline Co., 32 mg Ind. , St. 


Louis 17, Mo, 
.» 27 Haynes Ave., 


Carbon 
Newark 12, N. Re 

Carborundum , The, Niagara Falls, 
New York 

Cargill Inc., 3 Penn Center PL, Phila- 
delphia 48, Pa. 

Carlon Products Corp., 10225 Meech 
Ave., Cleveland 5, Ohio 

Carmagnola, Ernest D 26-50 95th St., 
Jackson Heights, N. ¥. 

Ind Inc., 22 N. 26th St., 


Wire Corp., 511 May St., Mt. Airy, 
N. C 


Carolina hans Co., 2801 N. Tryon St., 
Cane, © , . & 

Carpenter, L. E., & Co., 170 N. Main St., 
Wharton, N. ei 

a ee Steel Co., The, 137 W. Bern 

Reading, Pa. 

cosh Corp., Carrier Pkwy., Syracuse 1, 

N. Y. 


*Carroll, J. B., Co., Albany & Carroll 
Aves., Chicago 12, Ill. 
Carroll Products Inc., 150 Marine St., 
Farmingdale, N. Y. 
Carter Products Co., Inc., 30 Ionia Ave., 
SW, 460 Wm. Alden Smith Bldg., 
Grand Rapids 2, Mich, 
Carver Corp., The, 130 W. Seventh St., 
S. Boston, Mass. 
*Carver, Fred S., Inc., 5 Chatham Rd., 
Summit, N. J. 
Carwin Co., The, Carwin Polymer Prod- 
ucts, Inc., Stiles Lane, North Haven, 
Conn. 
*Cary Chemicals Inc., P. O. Box 1128 New 
Brunswick, N. J. 
Ge Products Co., The, 229 W. Avery 
Dallas 8, Tex. 
kCorncite Farbwerke Mainkur A.G., Frank- 
furt Am Main, Feckenheim, W. Ger- 
many 
*Cast Optics Corp., 123 Newman St., 
Hackensack, N 
*Catalin Co: ~ America, One Park Ave., 
New York 16, N. Y. 
*Celanese Corp. of America, Plastics Div., 
744 Broad St., Newark 2, N. 
Celanese Corp. of America, Chemical 
ae 180 Madison Ave., New York 16, 
Celanese Corp. of America, Textile Div., 
Box No. 1414 Charlotte, N. C. 
er Corp., 50 Avenue L, Newark 
Central Scientific Co., 1700 Irving Park 
Rd., Chicago 13, mi. 
Central Screw Co., 3501 S. Shields St., 
Chicago 9, Ill. 
— Slitting Service, i 11 W. 20th 
New York 11, N. Y 
oma Plastic Co., Sawyer Passway, 
Fitchburg, Mass. 
Century Products, 14324 Birwood St., 
Detroit 38, Mich. 
Chaffee, Ralph, & Co., 2360 Market St., 
San Francisco 14, Calif. 
Champion Molded Plastics Inc., 321 N. 
Portland St., Bryan, Ohio 
Chanal Plastics Corp., 63-20 Austin St., 
Rego Park 74, N. Y. 
Chance, W. R., & Associates, Waldorf 
Industrial Cr., Box 306, Waldorf, Md. 
Chaney Plastic Molding Co., 4200 Madi- 
son St., Denver 16, Colo. 
Chapman, Dave, oe 420 N. Michigan 
___Ave., Chicago 1 , i 
* Indic Indicates Advertiser 


Chase Co., 1555 E. 44th St., New 
sen Be x ITN Y 807 S. Blanchard S' 
a. 
ctinay il & Engineering Co., 
Inc., Brooke St., Box 305, Media, Pa. 
Chemical Development Corp., Danvers, 
ass. 
Chemical & Engineering Associates, 6848 
Marshall Rd., Upper Dery, Pa. 
Chemical Ind Unit of E. F. Van 
Winkle Co., 557 E. Walnut St., Pasa- 
dena, Calif. ak ead 
Products Corp P 
Rd., E. Providence 14, RK. L . 
*Chemische We rke Hiils A.G., Marl, Kreis 
Recklinghatsen, W. Germany 
Chemold Co., 2000 Colorado ; Santa 
Monica, Calif. 
= more Corp 21 West St., New York 
Chemtron Fiber Glass Co., 2616 Strozier 
Ave., El Monte, Calif. 
Cherry, Peter, A. S. I. D., Elm St., Mon- 
roe, Conn. 

Cheslan Div. St. Regis Paper Co., 684 
Nepperhan Ave., Yonkers, N. y. 
*Chicago Mold Engineerin: Co., Inc., 4141 

Washington Blvd., Hi ide, Ill. 
*Chicago Molded Products Co » 1046 N. 
Kolmer Ave., Chicago 51, I 
Chicago Price ; Ses Co., S eons Ww. 
Chicago Ave. o 51, 
hicago ts Sy 101 Ww. 
Monroe, se ‘Chica o°7, Ii 
oe N. Pomona Ave., Brea, 


*Chili Plastics es 2278 West Side Drive, 
N. Chili, 
Chippewa *vaiding, Inc., 309 Howard 
St., Chippewa Falls, Wis. 
*Chromium Corporation of an 100 
Park Ave., Sy York 17, 
Church, C. F., Div., Ps aad 
P. O. Box "aL Holyoke, Mass. 
*Ciba Co., Inc., Plastics Div., Kimberton, 


a. 

Cincinnati Development & Mfg. Co., 
5614 Wooster Pike, Cincinnati 27, 
Ohio 

*Cincinnati Milling Machine Co., The, 
Marburg Ave., Cincinnati 9, Ohio 

Cincinnati Molding Co., 2037 Florence 
Ave., Cincinnati 6, Ohio 

Cincinnati Testing & Research Labs., 


C. T. L. Inc., P. O. Box 227, 1240 
Glendale-Milford Rd., Cincinnati 15, 


Ohio 
*Claremont Flock Corp., 169 Main St., 
Box 451, Claremont, N. H. 
*Claremont Pigment Dispersion Corp., 39 
Powerhouse Rd., Roslyn Heights, Long 
Island, N. Y. 
Claremold Plastics Co., 200 Wright St., 
Newark 5, 
Clark-Cutler & McDermott, Fisher St., 
Franklin, Mass. 
as” Wa 201 E. 37th St., New York 


Clearfloat Inc., Mechanic St., Attleboro, 


Mass 
Clear ‘View Plastics Corp., N. Hillcrest 
Pk., Poplar Bluff, Mo. 
Cleveland Process Corp., 1965 E. 57th 
St., Cleveland 3, Ohio 
*Clifton Hydraluic Press Co., 289 Alwood 
Rd., Clifton, N. J 


_*Clinton Co., The, 1230 W. Ohio St., Chi- 


cago 22, I 

Clinton Corn Processing Co., P. O. Box 
340, Clinton, Iowa 

Clinton Plastic Molders, 22 Clinton Ave., 
Brooklyn, N. Y. 

—— Corp., Clopay Sq., Cincinnati 14, 


*Coast Mfg. & Supply Co., P. O. Box 71 
P, Livermore, Calif, 
*Coating Products, Inc., 


101 W. Forest 
Ave., Englewood, N. J. 


Epner 
New York 11, 'N. 
Caldwell & Dague, Inc 
WwW. Armitage 
Ave., Chicago 47, ill. 
Colorvision Plastics, Inc., 30 Huntington 
St., Detroit 7, Mich. 
Div. of Air Re- 
Cleveland 14, Ohio 
Harbor Dr., Portland 1, ‘Ore. 
Columbia Pulverizing ag 
Sub- 
Columbia Textile Slitting &. 
*Columbia:: Carbon Ce., Megico Color 
N. Grant Ave., Columbus 16, Ohio 
Columbus Plastic Products, Inc., 1625 W. 
pike, Springfield, N 
Gut- 
*xComet Industries, 
Mass. 
picieetinnme Plastics & Supply <h 630 
St., Leominster, Mass. 

Compo Chemical Co., Inc., 125 Roberts 
ponent Pk., W. Bridgewater, Mass. 
*Conapac Corp., 120 E. 13th St., New 
Factories Bldg., Toledo 2, Ohio 
Conneaut Rubber & Plastics Co., The, 

70 W. Liberty St., Waterbury 20, 


Cohan Co., es 142 W. 14th St., 
Colburn Laboratories ey 732 S. Federal 
St., Chicago 5, Ill. 
., 16616 
Garfield Ave., Paramount, i 
lonial Kolonite Co., 2232 
Colorite Plastics of New Jersey, Inc., 50 
ornia Ave., Paterson 3, N. 
Ave., Boston 16, Mass. 
Colton, Arthur, Co., 3400 E. Lafayette 
Colton Chemical Co 
duction Co., Inc. 1747 Chester Ave., 
Colt’s Plastics Co. Inc., N. Grosvenor- 
e, Conn. 
Columbia Basin Plastics Co., 1900 S. W. 
Columbia Mills Inc., The, 120 W. Onon- 
daga St., Syracuse (fe ty 
1180 E. 
Broad St., Elizabeth, 
Columbia-Southern Chemical Corp. 
sidiary Pittsburgh Plate Glass Co., 1 
Gateway Cr., Pittsburgh, Pa. 
230 E. 
Ninth St., New York 3, N. 
Unit, 380 Madison Ave., New York 
17, N. Y. 
Columbus Coated Fabrics Corp., 1280 
Columbus Moulded Products Corp., 856 
E. Main St., Columbus 5, Ohio 
Mound St., Columbus 23, Ohio 
Colvin-Friedman Co., as Morris Turn- 
Comerio ae The, 6903 Polk St., 
tenberg, N 
9863 Franklin Ave., 
Franklin Pk., 
Comet Novelty od 30 First St., Adams, 
ar Mfg. Co., 4225 W.. Kinzie 
Chicago 24, nl. 
Broadway, New York 12, N 
Commonwealth Plastics Corp., 98 Adams 
*Como Plastics Inc., 1703 Keller Ave., Co- 
lumbus, Ind. 
Rd., Waltham 54, Mass. 
Component Mfg. Service Inc., One Com- 
Composition Materials Co., Inc., 25 W. 
43rd St., New York 36, N. » 3 
York 3, N. Y 
*Conforming Matrix Corp., 364 Toledo 
Conn-Craft Co., 301 Fairlawn Ave., Wa- 
terbury 4, Conn. 
Commerce St., Conneaut, Ohio 
*Connecticut Plastic Products Co., Inc., 
Conn. 
*Consolidated Baling Machine Co., 
W. Third Ave., Brooklyn 15, N. Y. 


*Consolidated Electrodynamics Corp., 
Rochester Div., 1775 Mt. Read Blvd., 
Rochester 3, N. Y. 

*Consolidated Molded Products Corp., 309 
Cherry St., Scranton 2, Pa. 

Consolidated Paper Co., 921 E. Elm St., 
Monroe, Mich. 

Consolidated Plastics & Mfg. Co., 413 
W. Chicago Ave., Chicago 10, Ill 
Consolidated Plastic Sales Co., P. O. Box 

3038, St. Louis 23, Mo. 
Consoweld Corp., 700 Hooker St., Wis- 
consin Rapids, Wis. 
Continental Can Co., 


100 E. 42nd St., 
New York 17, N. Y. 





Continental Can Co., Inc., Shellmar-Bet- 
ner Div., Mt. Vernon, Ohio 

Continental Can Co., Conolite (Plastic 
Laminates) Div., 205 W. 14th St., Wil- 
mington 99, Del. 

*Continental-Diamond Fibre Corp., Sub. 
of Budd Co., Newark 29, Del. 

——— Extrusion Corp., 30 Prince 

Brooklyn 1, N. Y. 

conan Mold E gree 1578 Still- 
well Ave., New York 6 , 4 

Continental Oil Co., ‘edb BR Dept., 
1270 Avenue of the Americas, New 
York 20, N. Y. 

Continental Plastics Corp., 2934 W. Lake 
St., Chicago 12, IIL. 

Continental Plastics of Oklahoma, 108 
N. E. 48th St., Oklahoma City, Okla- 
homa 

*Contour Extrusion Co., 519 Fayette Ave., 
Mamaroneck, N. Y. 

Contour Plastic Molding Inc., 322 W. 
59% St., a 19, Minn. 

Convoy, Inc., 3424 Navarre Rd., S. W., 
Canton 6, Ohio 

*Cook, Lawrence H., Inc., 65 Massasoit 
Ave., E. Providence 14. R. 

Cooke Color & Chemical, Route S- 24, 
Hackettstown, N. J. 

Copolymer Corp., 2250 E. 111 St. Los 
Angeles 59, Calif. 

Cordo Molding Products Inc., 230 Park 
Ave., New York 17, N. Y. 

Corn Products _ Co., 17 Battery Pl., 
New York 4, + 2 

Corroplast, Neg 100 Dayton Ave., Pas- 
saic, N. J. 

*Cosden Petroleum Corp., Big Spring, Tex. 

Cosmo Plastics Co., 3239 W. 14th St., 
Cleveland 9, Ohio 

*Cosmos Electronic Machine Corp., 656 
Broadway, New York 12, N. Y. 

*Cosom Engineering Corp., 6012 Wayzata 
Blvd., Minneapolis 16, Minn. 

Cotton, C. B., & Co., Inc., 114 Forrest 
St., Brooklyn 6, N. Y. 

Couroc of Monterey, P. O. Box 310, Mon- 
terey, Calif. 

*Covema s.r.l., Via Fontana 5, Milan, Italy 

Covey, Laird, Industrial Design, Monroe 
Turnpike, Stepney Depot, P. O., Mon- 
roe, Conn. 

Cowan Boyden Corp., 50 Aleppo St., 
Providence 9, R. I. 

Cox Plastics Corp., 162 Colgate Ave., 
Buffalo 20, N. Y. 

Crane Packing Co., 6400 Oakton St., 
Morton Grove, Iil. 

Cratex Mfg. Co., 1600 Rollins Rd., Bur- 
lingame, Calif. 

Crawford & Russel, Inc., 695 Summer 
St., Stamford, Conn. 

Creative Plastics Corp., Route 25-A, 
Stony Brook, N. Y. 

Crellin Plastics Corp., 87 Center St., 
Chatham, N 

*Crescent “Ry Inc., 955 Diamond 
Ave., Evansville, Ind. 

Crest Chemical Industries Corp., 72 Del- 
avan St., Brooklyn 31, N. Y. 

Criterion Decalcomania Co., Inc., Seven 
E. 42nd St., New York 17, N. Y. 

Crook, William A., Co., Inc., 36 Pleasant 
St., Watertown 72, Mass. 

Crowl, Charles, Co., 11667 McBean Dr., 
El Monte, Calif. 

Crown Engineering & Sales Co., 421 Hill 
St., Harrison, N. J. 

Crown Machine & Tool Co., 2800 W. 
Lancaster St., Fort Worth, Tex. 

Crown Zellerbach Corp., Gaylord Con- 
tainer Div., 111 N. Fourth St., St. 
Louis 2, Mo. 

Crownoil Chemical Co., Inc. ¥ 2- _ 49th 
Ave., Long Island City l, 

Crucible Steel Co. of eee P. 7: Box 
2518 Pittsburgh 30, Pa. 

% Indicates Advertiser 
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Cruver Mfg. Co., 2460 Jackson St., Chi- 
cago 12, Ill. 

Crystalx Corp. .. W. Lenni Rd., Lenni 
Mills, Pa. 

*Cumberland Engineering Co., 

Box 216, Providence 1, Rhode = Sy 

Cuming, M. A., & »* inc., 49 Bleecker 
St., New York 12, Y. 

Curbell, Inc., 777 Hectal Ave., Buffalo 7, 


ome Arts Molding & Laminating Co., 
522 Green Ridge St., Scranton 9, Pa. 
Curtis Machine Div., i300 E. 2nd =, 
Jamestown, N. Y. 
Curtiss-Wright Corp., Electronics Div., 
631 Central Ave., Carlstadt, N. J. 
Custom Coatings "Ca.; 10819 Venice 
Blvd., Los Angeles 34, Calif. 
*Custom E ngineering Co., 2414 McKinley 
Ave., Erie, Pa. 
Custom Extrusion Inc., Country & Home 
Rds., Sheffield, Mass. 
Custom Machine & Design Co., Inc., 200 
S. Forge St., Akron 9, Ohio 
*Custom Plastics, Inc., 1707 N. 25th Ave., 
Melrose Park, II. 
Custom Scientific Instruments, Inc., 541 
Devon St., Kearny, N. 
*Cylinder Mfg. Co., Two Maitland Ave., 
Hawthorne, N. }. 


D 


D & G Plastics Co., Overholt Rd., Box 
214, Kent, Ohio 
D & R Pilot Plants, Inc., Hazardville, 
Conn. 
*D & R Plastic Welders, Inc., Water St., 
Hazardville, Conn. 
*Dake Corp., 641 Robbins Rd., Grand Ha- 
ven, Mich. 
Damac Tool Co., 456 E. 166th St., Bronx 
56, N. Y. 
Damen Tool & Engineering Co., Inc., 
a -27 N. Olcott Ave., Chicago 31, 


Danburg Chemical Co., Box 124, Wal- 
lingford, Conn. 

*Daniels, T. H. & J., Stroud, Gloucester- 
shire, England 

*Danielson Mfg. Co., The, A Subsidiary of 
Nicholson File Co., 260 Holt St., 
Danielson, Conn. 

Dapol Plastics, Inc., Northboro St., Wor- 
cester, Mass. 

Darling, L. A., Co., Plastics Div., 306 S. 
Clay St., Coldwater, Mich. 

are | & Co., 4201 S. Ashland, Chicago 


Darnell _ Co., 156 Madsion Rd., Or- 
ange, 

Darr, Harold W.,, - Pee Five E. 
22nd vs Minnea Minn. 

Daubert Chemical 5.33 333 N. Michigan 
Ave., Chicago 1, Ill 

*Davidson- Kennedy Co., P. O. Box 2397, 
Atlanta 18, Ga. 

Davies, Helen, & Associates, 140 W. 
57th St., New York 19, N. Y. 

*Davies Harry, Molding Co., 1428 N. 
Wells St Chicago 10, Ill. 

*Davis, joseph, Plastics Co., 430 Schuyler 
Ave.. Kearny, N. J. 

* Davis- Standard. Div., of Franklin Re- 
search Co., 12 Water St., Mystic, Con- 
necticut 

Dawborn Bros., Inc., Waynesboro, Vir- 


ginia 

Dawson, F. C., Engineering Co., Rt. 641, 
Washington St., Canton, Mass. 

Day, J. H., Co., The Div. of the Cleve- 
land Automatic Machine Co., 4932 
Beech St., Cincinnati 12, Ohio 

Deakin, J. Arthur, & Son, 150-28 Hill- 
side Ave., Jamaica 32, N. Y. 

Dean Thermo-Panel Coil Div., Dean 
Products, Inc., 616 Franklin Ave., 
Brooklyn 38, N. Y. 


DeBell & Richardson, Inc., Water St,, 
Hardville, Conn. 
DeBo, L. r. — Co., 5969 Transit Rd., 
Depew, N. 
*Decar lati” ‘Corp., 1322 University 
Ave., Middleton, Wis. 
Dec-Art Process Co., Inc., 1704 Boone 
Ave., Bronx 60, N. y. 
Decatur Plastic, Inc., 407 Holly St., 
catur, Ala. 
Decotone Products Div., Fitchburg Paper 
Co., 193 Kimball St., ’ Fitchburg, Mass, 
*Deecy Products Co., 120 Potter St. , Cam- 
bridge 42, Mass. 
Deerfield Plastics Co., Inc., 271 Main 
St., Deerfield, Mass. 
Delaware Valley Plastics Co., 5641 Og- 
ontz Ave., Philadelphia 41, ” Pa. 
Delkay Plastics Corp., 13441 S. Westem 
Ave., Gardena, Calif. 
Del Model Builders, 799 W. Goodale 
Blvd., Columbus 8, Ohio 
Delta Chemical Works, Inc., 23 W. 60th 
St., New York 23, N. Y. 
Deluxe Saw & Tool Co., 510 E. Main St., 
Louisville 2, Ky. 
*De Mattia Machine and Tool Co., 
Brighton & Chelsea Rds., Clifton, N. I. 
Dennis Chemical Co., 2701 Papin St., St. 
Louis 3, Mo. 
Dennison Mfg. Co., 300 Howard St. 
Framingham, Mass. 
— Plastics, mt 15200 W. Colfax 
Golden, Colo. 
Doncndable Compressor & Machine Co., 
157 W. 21 St., New York 11, N. Y. 
Desert Sunshine Exposure Tests, 7740 
Ramona Rd., Phoenix, Ariz. 

Design Dynamics, Inc., 221 N. La Salle 
St., Chicago 1, II. 

Deskey, Donald, Associates, 575 Madi- 
son Ave., New York 22, N. Y. 

Despatch Oven Co., 619 S. E. Eighth St., 
Minneapolis 14, Minn. 

Detecto — Inc., 540 Park Ave., 
Brooklyn 5, N. Y. 

*Detroit Macoid Corp. ., 12340 Cloverdale 

Ave., Detroit 4, Mich. 

*Detroit Mold Engineering Co., 6656 E. 
MeNichols Rd., Detroit 12, Mich. 
*Devcon Corp., 240 Endicott St., Dan- 

vers, Mass. 

Devco En 5. a Inc., P.O. Box 387, 
Caldwell, N. J. 

DeVilbiss Co., The, 300 Phillips Ave., 
Toledo 1, Ohio 

Dewey & Almy Chemical Co., 62 Whitt- 
more Rd., Cambridge 40, Mass. 

*Diamond Alkali Co., 300 Union Com- 

merce Bldg., Cleveland 14, Ohio 

Diamond Hard Chromium Co., Inc., 463 
New Jersey Railroad Ave., Newark, 
N. 


Dice, J. W., Co., 16 Highwood Ave., 
Englewood, N. J 

Dickten & a Mfg. 900 E. Vienna 
St., Milwaukee 12, Wis. ; 

Diehl, G. M., Machine Works, 918 S. 
Wabash, Wabash, Ind. 

— Inc., Cedar & Gross St., Edison, 


N. J. 

Dielectric Materials Co., 5315 N. Ravens- 
wood Ave., Chicago 40, Ill. 

Diemolding Corp., 125 Rasbach St., Can 
astota, N. Y. 

Dilley Mfg. Co., Din 1657 Doan Ave., 
Cleveland 12, 

*Dillon-Beck Mfg. = 1227 Central Ave., 
Hillside, N. J. 

Dimco-Gray Co., 207 E. Sixth St., Day- 
ton 2, Ohio 

Disorgrin Industries, Inc., 510 S. Fulton 
Ave., Mt. Vernon, N. Y. 

Distinctive Embedments, Inc., P.O. Box 
2446, E. Side Station, Providence 6, 
R. I. 

Divine Brothers Co., 201 Seward Ave. 
Utica, N. Y 





Dixie Plastics Mfg. Co., Div. Marine 
Controls Lab, P.O. Box 531, 3017 N. 
Galvez St., New Orleans, La. 

Dixon Corp., Burnside St., Bristol, R. I. 

DoAll Co., The, 254 N. Laurel Ave., Des 
Plaines, Il. 

Dobeckman Co., The, Div. of The Dow 
Chemical Co., 1 Monroe Ave., 
Cleveland 13, Ohio 

Dockery Mfg. Co., Inc., Box 87, Rocking- 
ham, N. C. 

xDodge & re Was 180 Varick St., 
New York 1 

Doggett, Dig aie 99 Hudson St., 
New York 13, N. Y. 

Dominion Plastics Co., 1913 Boulevard 
St., Colonial Heights, Va. 

Dornbush & Co., Calandarstrasse, 19-25, 

Krefeld, W. Germany 

Dorrie Process Co., Inc., The, 60 Green- 
point Ave., Brooklyn 22, N. Y. 

Double D Plastics Co., 501 Cedar St., 
Greenville, Mich. 

*Douglas Aircraft Co., Inc., 3000 Ocean 
Park Blvd., Santa Monica, Calif. 

Douglas Mfg. Corp., 200 Lynnfield St., 
Peabody, Mass. 

Doven Machine & Engineering, 2706 
W. Van Buren St., Chicago 12, Fil. 

*Dow Chemical Co., Midland, Mich. 

Dow Corning Corp., Midland, Mich. 

*Dowding & Doll Ltd., 346 Kensington 
High St., London W 14, England 

Doyle, |. E., Co., The, 1220 W. Sixth St., 
Cleveland 13, Ohio 

Dracco Div. of Fuller Co., P. O. Box 
1794, Cleveland 5, Ohio 

*Drakenfeld, B. F., & Co., Inc., 45 Park 
Fi. New York 7, » ? 

Drying Systems hg "1800 Foster Ave., 
Chicago 40, Iil. 

Dryomatic Corp., 806 N. Fairfax St., 
Alexandria, Va. 

DuBois Plastic Products, * mn 170 Flor- 
ida St., Buffalo 13, N. Y 

*Dunning & Boschert Press Co., Inc., 329 
W. Water St., Syracuse 2, N. Y. 

Duofold, Inc., Mohawk, N. Y. 

Duplicon Co., Inc., 100 Turnpike Rd., 
Westboro, Mass. 

*du Pont de Nemours, E. L, & Co., Inc., 
Wilmington 98, Del. 

Dura Plastics of New -, he 303 
Fifth Ave., New York 16, 

Durable Formed Siam Six 
Green St., New York 13, N. 

Durable Plastics Co., Inc., 814 Sixth Ave 
S., Seattle 4, Wash. 

Duralastic Products Co., 2075 W. Lafay- 
ette St., Detroit 16, Mich. 

Dura-Lee. Corp., 908 Broadway, Kansas 
City 5, Mo. 

Duramic Products, Inc., 262-72 Mott St., 
New York 12, N. Y. 

Durby Laboratories, Inc., 125 Bergenline 
Ave., Westwood, N. J. 

*Durez Plastics Div., Hooker Electro- 
chemical Co., 88 Walck Rd., N. Tona- 
wanda, N. Y. 

— Plast at Co., Six W. 32nd 

, New York 1, N. Y 
aanentinann John, Co., 'Inc., 274 Grove 
Ave., Verona, N. J. 


Du Verre, nee 374 Delaware Ave., Buf- 


Ine hs 


falo 2, N. Y. 
Dyfoam Corp., 202 E. Cherry St., New 
Castle, Pa. 
*Dynamit- Action-Gesellschaft, vormals 4 
fred Noble & Co. , Troisdorf/Kéln, W 
Germany. U. S. representative: George 


von O . , 15 William St., New 
York 


E 
Eagle-Picher Co., The, American Bldg., 


Cincinnati 1, Ohio 
* Indicates Advertiser 


Eagle Roll Leaf Stamping Co., 446 12th 
St., Brooklyn 15, N. Y. 
Eagle Sig Signal Corp. .» 202 — 20th St., Mo- 
e, 
*Eattean Chemical Products Inc., Kings- 
port, Tenn 
* Eastman Kodak Co., 343 State St., Roch- 
ester 4, N. 
Eastman "Muchine Co., 779 Washington 
St., Buffalo 3, N. Y. 
Eclipse Fuel Engineering Co., 1100 Bu- 
chanan St., Rockford, Ill. 
Eclipse Mfg., Co., Lake Zurich, IIl. 
Edison, S. M., Chemical Co., 2710 S. 
Parkway, Chicago 16, IIl. 
—_—— Frank W., & Co., Sommerville, 


Ehnaga, Ernst, Industrial Design, 21 W. 
56th St., New York 19, N. Y. 

Elcone Metalizing, 160 Fifth Ave., New 
York 10, ; @ 

Electric payee Co., The, Bay City 
Div., Morton St., Bay City, Mich. 

Electric Trading Co. 313-315 Canal St., 
New York 13, 

Electro “oh Lae Co., 14701 Kes- 
wick St., Van Nuys, Calif. 

Electro Devices Inc., 4-6 Godwin Ave., 
Paterson, N. J. 
a6 * Mechano Co., The, 261 E. Erie 

Milwaukee 2, Wis. 

Sissies Plastic Fabrics Inc. ., 64 First St., 
Pulaski, Va. 

Electro-Tech Equipment Co., 308 Canal 
St., New York 13, N. Y. 
Electro-Technical Products Div., Sun 
Chemical Corp., 113 E. Centre St., 

Nutley, N. J. 

Electrochemical Industries, Inc., 35 Arm- 
ory St., Worcester 3, Mass. 

Electroform Corp., Subsidiary of L. E. 
Carpenter & Co., Connecticut Ave., 
S. Norwalk, Conn. 

Electroformex Labs., 600 Fisher St., 
Franklin, Mass. 

Electroforms, Inc:, 1841 W. Gage Ave., 
Los Angeles 47, Calif. 

Electromold Corp., 140 Enterprise Ave., 
Trenton 9, N. J. 

Electronic Mechanics, Inc., 101 Clifton 
Blvd., Clifton, N. J. 

Electronic Processes Corp. of California, 
2190 Folsom St., San Francisco 10, 
Calif. 

Electrophysical Engineering Co., Div. of 
Natural Automotive Fibres, Inc., 930 
N. Parker St., Orange, Calif. 

Ellay Rubber Co., Inc., 1312 E. 12th St., 
Los Angeles 21, Calif. 

Ellen ucts, Maple Ave., Haverstraw, 


N.Y, 
Ellies, D 
W. Goodale Blvd., Columbus 8, Ohio 
Elm Coated Fabrics Co., Inc., 261 Fifth 
Ave., New York 16, N. Y. 


ave, Industrial Design Inc., 799 


*Elmes Engineering Div., American Steel 
Foundries, 1153 Tennessee Ave., Cin- 
cinnati 29, Ohio 

Elton, Ted, 84 Lawrence Dr., N. White 
Plains, N. ¥. 

Elyria Molding & Engineering Co., 317 
Prospect St., Elyria, Ohio 

Emerson & Cuming, Inc., 869 Washing- 
ton St., Canton, Mass. 

*Emeloid Co., Inc., The, 1239 Central 
Ave., Hillside 5, N 

Emerson Plastics Corp. .» 1383 Seabury 
Ave., Bronx 61, N. Y 

*Emery Industries Inc. ., 4200 Carew 

Tower, Cincinnati 2, Ohio 

Emhart Mfg. Co., Standard Knapp Div., 
Main St., Portland, Conn. 

Endicott- Seymour of Ann Arbor, P. O. 
Box #405, Ann Arbor, Mich. 

a es Corp., N. 4th St., Quakertown, 


Endwee Tool & Engineering Co., 4134 
W. Chicago Ave., Chicago 51, ill. 


*Engelking Patterns, Inc., 1537 Hutchins 
Ave., Columbus, Ind. 
Engineered Nylon Products Inc., 1318 S. 
Olive St., South Bend, Ind. 
*xEngineered Plastics Inc., P. O. Drawer P, 
Watertown, Conn. 
*Engineered Plastics Inc., Chase St., Gib- 
sonville, N. C. 
Engineered Products Inc., 215 S. Taylor 
Ave., Kirkwood 22, Mo. 
Engineering Associated, 67 Main St., 
Winona, Minn. 
Engineering Laboratories Inc., Box 286, 
Colfax Ave., Pompton Lakes, New 


ersey 

Engineering Plastics Co., 45 E. Walnut 
St., Pasadena 1, Calif. 

*English Mica Co., 79 Prospect St., Stam- 
ford, Conn. 

*Enjay Co., Inc., 15 W. 51st St., New York 
19, N. Y. 

*Entoleter Div., Safety Industries Inc., 
P. O. Box 904, New Haven, Conn. 

Entwistle Mfg. Corp. 1475. Elmwood 
Ave., Providence 5, R. I. 

Epoxlite Corp., The. 10829 E. Central 
Ave., El Monte, Calif. 

Equitable Paper Bag Co., Inc., 45-50 Van 
Dam St., Long Island City 1, New 
York 

Erdco Engineering Corp., Official & 
Westgate Sts., Addison, Ill. 

Erickson, Wallace A., & Co., 842 N. 
Wells St., Chicago 10, IIl. 

*xErie Engine & Mfg. Co., 954 E. 12th St., 


Erie, Pa. 
*Erie +6 Co., 1253 W. 12th St., 


Erie 6 

*Erie Plestice Co., 1215-1235 Walnut St., 
Erie, Pa. 

*Erie Resistor Corp., 1345 W. 12th St., 
Erie, Pa. 

*Escambia Chemical Com 261 Madison 
Ave., New York 16, N. Y. 

Euclid Engineering Rey ‘Inc., First & A 

Sts., Upland, Calif. 


Evans-Winter-Hebb Incorporated, 818 
W. Hancock Ave., Detroit 1, Mich- 


igan 

Evans-Zeier Plastic Co., Route 1, Madi- 
son 4, Wis. 

_ Ready Label Corp., 357 Cortlandt 

Belleville 9, N. J. 

moi Plastics, 151 Merritts Ave., 
N. E., Atlanta 8, Ga. 

Everlite Corp., 1218 E. Cherry St. 
Seattle 22, Wash. 

Exact Weight Scale Co., The, 919 W. 
Fifth Ave., Columbus 8, Ohio 

Excel Plastic Mfg. Corp., 458 W. 168th 
St., New York 32, N. Y. 
Extruded Plastics Inc., 
Ave., Norwalk, Conn. 
Extruders Inc., 3232 E. El Segundo Blvd., 
Hawthorne, Calif. 

Extrudo Film oan ., 36-35 36th St., Long 
Island City 6 Ze 

Engis Equipment Co., 431 S. Dearborn 
St., Chicago 5, Il. 

Eronel Industries, 12607 Cerise Ave., 
Hawthorne, Calif. 

Eyelet Specialty Div., of the International 
Silver Co., 50 State St., Waterbury, 
Conn. 


New Canaan 


F 


*F.IM.S.A.I. Spa, Stephenson 120/14, 

Milano, Italy 
Fabric Leather Corp., 16 W. 32nd St., 

New York 1, N. Y. 

*Fabrico Mfg. Corp., 1716 W. Division 
St., Chicago 22, Ill. 

*Fabricon Products, A Div. of the Eagle- 
Picher Co., 1721 W. Pleasant St., River 
Rouge 18, Mich. 
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¥abbr. Prodotti Termoplastici, Via San- 
vito Silvestro 103, Verese, Italy 
Fabri-Form Plastics Co., 1061 E. ” Righth 
St., Jacksonville 6, Fla. 
Fabri-Form Co., The, 258 W. Main, 
Byesville, Ohio 
Fabri-Kal Corp., 242 E. Kalamazoo Ave., 
Kalamazoo, Mich. 
Fabrite Metals Corp., 1547 Covert St., 
Brooklyn 27, N. Y. 
*Faeco Machine Co., Inc., 643 21st Ave., 
Paterson, N. J. 
Falcon Equipment Co., 13th St., New 
Brighton, Pa. 
Falge Div., Automation Corp., 4733 Elm 
St., Bethesda 14, Md. 
Falk Glass & Plastic Co., Inc., 48-10 As- 
toria Blvd., Long Island City 3, N. Y. 
*Falls Engineering & Machine Co., 1734 
Front St., Cuyahoga Falls, Ohio 
Fa'’- Hollow Staybolt Co., Seven Port- 
ize Trail, Cuyahoga Falls, Ohio 
*Famco, Inc., i... Strawberry Lane, 
Louisville, 
*Famco Machin> Co., Kenosha, Wis. 
*Farbwerke Hoescht A.G., Frankfurt 
Hochst/Main, W. Germany 
Farley & Loetscher Mfg. Co., Seventh & 
White St., Dubuque, Iowa 
Farragut Plastics Corp., 953 E. 5lst St., 
Brooklyn 3, N. Y. 
*Farrel-Birmingham Co., Ansonia, Conn. 
*Farrel-Birmingham Co., Inc., Watson- 
Stillman Press Div., 565 Blossom Rd., 
Rochester 10, N. Y. 
Farrington Texol Corp., 2000 Main St., 
be Mass. 
Fassler, ~ © & Co., <a 1245 Gates 
Ave., Bro lyn 21, N. 
Fasson Products, 250 Re St., Paines- 
ville, Ohio 
Favorite Plastic Corp., 39-45 Warren St., 
Brooklyn 1, N. Y. 
Fawn Plastics C 0., Inc., 2301 York Rd., 
Timonium, Md. 
*Fecken-Kirfel, Aachen, W. Germany 
Federal Chemicals Corp., 630 W. 5lst 
St., New York 19, N. Y. 
Federal Container Corp., 4300 Olson 
Highway, Minneapolis 22, Minn. 
Federal Industries, 681 Main St., Belle- 
ville 9, N. J. 
*Federal Tool Corp., 3600 W. Pratt Blvd., 
Chicago 45, II. 
Federico, Joseph B., 1600 East Ave., 
Rochester 10, N. Y. 
*Fellows Gear Shaper Co., The, 78 River 
St., Springfield. Vt. 
Felsenthal, G., & Sons, 3500 N. Kedzie 
St., Chicago, Ill. 
Felter’s Co., The, 210 South St., Boston 
11, Mass. 
Ferriot Bros., Inc., 2685 Mogadore Rd., 
Akron 5, Ohio 
*Ferro Corp., 4150 E. 56th St., Cleveland 
5, Ohio 
*Ferro Chemical Corp., 450 Krick Rd., 
Bedford, Ohio 
*Ferro Corp., 200 Woodycrest Ave., Nash- 
ville 20, Ohio 
Fibercast Co., Div. of The Youngstown 
Sheet & Tube Co., P. O. Box 727, 
Sand Springs, Okla. 
Fiber Glass Industries, Amsterdam, N. Y. 
Fiber Glass Plastic, Inc., 5790 N.W. 35th 
Ave., Miami 42, Fla. 
a Inc., Fox Farm Rd., Warsaw, 
Ind. 
*Fiberite Corp., The, 516-524 W. 4th St., 
inona, Minn. 
Fiberoid Corp., 2 Ingraham St., Brook- 
lyn, N. Y. 
Fiberesin Plastics Sales Co., E. Wiscon- 
sin Ave., Oconomowoc, Wis. 
Fife Mfg. Co., P.O. Box 878, Oklahoma 
City 1, Okla. 


* Indicates Advertiser 
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Filo Color & Chemical Corp., ge Madi- 
son Ave., New York 17, N 

Filon Plastics Corp., 125 ‘Lose St.., El 
Segundo, Calif. 

Filtron Co., Inc., 131-15 Fowler Ave., 
Flushing 55, N. Y. 

*Fine Organics, Inc., 211 E. 19th St., New 
York 28, N. Y. 

*Finish Engineering Co., Inc., 1115 Cherry 
St., Erie, Pa. 

Finn & Fram, ‘9765 Shadow Island Drive, 
Sunland, Calif. 

*Fiore, William M., Inc., 269 — 4lst St., 
Brooklyn 32, N ¥. 

*Firestone Plastic Co., Div. of the Fire- 
stone Tire & Rubber Co., Box 690, 
Pottstown, Pa. 

Firmaline Products, Inc., Nine Pierce 
Ave., Midland Park, N. J. 

First Machinery Corp., 209-289 Tenth 
St., Brooklyn 15, N. Y. 

Firth, F. G., 3221 Barry Ave., Los An- 
geles 66, Calif. 

Fischer, Andrew, Associates, 4554 Broad- 
way, ‘Chic: ago 40, Ill. 

Fischer & Porter Co., 30 Warminster Rd., 
Sethon. Pa. 

*Fischer, Johann, Abt. Maschinenbrau- 
Lohmar, Blz., Kéln, W. Germany 

Fischer Scientific Co., 717 ad Ave., 
Pittsburgh 19, Pa. 

*Fjellman American, Inc., 105 Republic 
Ave., Joliet, Ill. 

Flexaust Co., 100 Park Ave., N. Y., N. ¥ 

Flexcraft Industries, 527 Ave. P., Newark 
5, N. J. 

Flexfirm Products, 2300 N. Chico Ave., 
El Monte, Calif. 

Flexible Products Co., 312 Dubbs St., 
Marietta, Ga. 

Flexicraft Industries, Inc., 1323 Randall 
Ave., New York 59, N N. ¥. 

Flexigrip, Inc , 504 E. 74 St... N.Y... N.. ¥. 

Flick-Reedy Corp., Miller Fluid Power 
Div., 2040 N. Hawthorne Ave., Mel- 
rose Park, Ill. 

me og Fabrics, Inc., 93 Worth St., New 

ork 13, 

Flodins Industri AB, Lysekil, Sweden 

Florian, Gordon, 97 Argonne St., Bridge- 
port 4, Conn 

Foam King, ae 1816 Boston Rd., New 
York 60, N. Y. 

*Food Machinery & Chemical Corp. 
Chemicals & Plastics Div., 161 E. 42nd 

New York 17, N. Y. 

Foui Machinery & Chemical Corp., 
Becco Chemical Div., Station B, Buf- 
falo 7, N. Y. 

Forbes Products Sn, 625 S. Goodman 
St., Rochester 20, N. Y 

Foredom Electric Co., 97 Park Pl., New 
York 7, N. Y. 

Foremost Machine Builders Inc., 83 
Dorsa Ave., ry. ton, N. N. f. 

Foremost Food & ical Co., El Do- 
rado Div., PO. Box 500. Oakland, 


Formalite, Inc., Providence Rd., North- 
bridge, Mass. 
Formica Corp., 4614 Spring Grove, Cin- 
cinnati 32, Ohio 
*Forrest Mfg. Co., Inc., - State High- 
way #17 Rutherford, N J. 
Fortney g. Inc., 247 N. J.R.R. 
Ave., Newark 5, ia is 
Fort Wayne at tA Paper Co., 130 
E. Douglas Ave., Fort Wayne he Ind. 
*Foster & Allen, Inc., 628 South Ave., 
Garwood, N. J. 
*Foster Grant Co., Inc., Leominster, Mass. 
*Fostoria Pressed Steel ‘Corp., N. Main St., 
Fostoria, Ohio 
rater — The, Neponset Ave., Fox- 


en race, Campbell & Darling, Inc., Ken- 
worth, 


Francs Indies, 25. Depot St., Pat- 
askala, Ohio 


Frank Plastics Corp., 2941 E. Warren, 
Detroit 7, Mich. 

Franklin-Fibre Lamitex Corp., 18th St. 
E. of Market (on Penn. R.R.), Wilming- 
ton 99, Del. 

Franklin Mineral oe Co., P.O. Box 
28, Franklin, N. 

Franklin P Plastics, ae 315 Grant St., 
Franklin, Pa. 

Freeport Plastic Sheet Corp., 79 Mill Rd. 
Freeport, Long Island, N 

*French Oil Machinery ea. " The, W. 
Greene St., Piqua, Ohio 

Fried Novelties, ay J New Utrecht Ave., 
Brooklyn 

Frisch P ies Co 375 W. Broadway, 
New York 12, Y. 

Frisk, P. W., 30 Park View Dr., Brev- 

ard, N. C. 
*Fritzche Ty" Inc., 76 Ninth Ave., 
New York 11, Y. 

Froehling & Kobertsom, “at 814 W. 
Cary St., Richmond 6, V 

Fukal, Alfred F., 3752 Sacley Rd., 
Houston 5, Texas 

Fuller, H. B., Co., 255 Eagle St., St. Paul 
2, Minn. 

*Furane Plastics, Inc., 4516 Brazil St., Los 
Angeles 39, Calif. 


G 


*G. M. C. Process te 718 Broadway, 
New York 3, N. 
G. S. Plastics Co. The 15583 Brookpark 
Rd., Cleveland 35, O 
G. W. Plastic E Engineers Inc., Pleasant 
St., Bethel, Vt. 
Gabriel Mfg. Co., Maple Ave., Haver- 


straw, N. Y. 
Gallowhur —— Corp., N. Water St., 
Ossining, N 
*Gane_ Brothers % Lane Inc., 1335 W. 
Lake St., Chicago 7, 
Garan Chemical Corp., 210 E. Olive St., 
Gardena, Calif. 
r Industrial Foundation, 32 Pleas- 
ant St., ae 92, Mass. 
%Garfield Mfg. Co., Midland Ave., Wal- 
lington, N. J. 
Garray Plastics sy Inc., 333 Bergen 
Ave., ge ; y. 
~— Ce 5 Inc., 236 Hamilton St., Hart- 
ts) mn. 
Gary Enterprises a 249 — 49th St. 
Brooklyn 20, N. Y 
Gaylord Container Corp., Div. of Crown 
Zellerbach Corp., 111 N. Fourth St., 
St. Louis 2, Mo. 
Gaylord Plastics Inc., 1643 19th St. 
Santa Monica, 
Gaylord Packaging Corp., 120 Levning 
St., S. Hackensack, N 
Gaynes name | 44 1642 W. Fulton 
St., Chicago 12, I 
Inc., P. O. Box 


Geauga Industries 
411, I Middlefield Ohio 
igy Industrial Chemical, Ardsley, N. Y 
aGeiscel Mfg. ‘a Inc., 109 Long Ave., 
Hillside, N. 
Gen City Tradi ing, P. O. Box 941, Day- 
ton 1, Ohio c 
American Transportation Corp., 
Plastics Div., 135 S. LaSalle St., Chi- 


cago 90, il.” 
<r Color Co., 24 Avenue B, Newark 
Gans Die gated Machinery Co., Inc., 
gd Ww. Central Blvd., Palisades ” Park, 


oXt.J.. Die Mold Co., ba Sacramento 
Blvd., N. Chicago 12, Ill. 
General Dispersions Ine., 165 Third Ave., 


., Sales Div. of Gen- 
eral & Fir Corp., 435 Hudson 
St., New York 14, N 


Paterson, N. 





*General Electric Co., Apparatus Seles 
Div., 1 River Road, ‘Schenectady, N % A 
«General Electric Co., Lamp Wire and 
Phosphors Dept., 21800 Tungsten Rd., 
Cleveland 17, Ohio 
*General Electric Co., Plastics Dep’t., 2200 
N. 22nd St., Decatur, Ill. 
*General Electric Co., 1 Plastics Ave., 
Pittsfield, Mass. 
General Electric Co., X-Ray Div., Mil- 
Ww aukee, Wis. 
General Fibre ‘Co., 1723 Locust St., St. 
Louis 3, Mo. 
General Fibre Co., Inc., South St., Wal- 
pole, Mass. 
*General Industries .. The, Plastics 
Div., Taylor & Olive ~+ Elyria, Ohio 
General Machine & Tool, Walled Lake, 
Mich. 
General Mills Inc., Chemical Div., S. 
Kensington Rd., Kankakee, Ill. 
General Molded Products Inc., 1365 Lee 
St., Des Plaines, Ill. 
*General Plastics Corp., 1400 N. Washing- 
ton St., wer Ind. 
Cone Plastics Mig. Co., 3481 S. 35th 
Tacoma, Was 
G aad Plastics Corp:, 2260 Centinela 
Ave., Los Angeles 64, Calif. 
General Plastics Corp., 165 Third Ave., 
Paterson, N. 
General Printing Ink Co., Div. Sun Chem- 
ical Corp., 750 Third Ave., N. Y., N. Y. 
*General Roll Leaf Mfg. Co., 85-03 57th 
Ave., Elmhurst, Long Island, , ea 
*General Tire & Rubber Co., The, Bolta 
neon 2 Div., 70 Garden St., Law- 
rence 
General Tire & Rubber Co. The, Chem- 
ical vy 1708 Englewood Ave., Akron 
9, Ohio 
General Tire & Rubber Co., The, Texti- 
rei Div., 607 Madison "Ave., "Toledo 
6, Ohio 
General Tire & Rubber Co., The, Respro 
7% Ye ig Wellington Ave., Cranston 
0 > ie 
General Tire & Rubber Co. The, 1700 
Factory Ave., Marion, Ind. 
Genesee Labs Inc., 16 Garden St., Au- 
burn, N. Y. 
Comaey P. D., Co., The, 5200 N. Second 
» Louis 7, Mo. 
xG ent. Kaolin Co., 433 N. Broad St., 
Elizabeth, N. J. 
*Gering ucts Inc., N. Seventh St., 
Monroe Ave., Kenilworth, N Ps 
Gershen, Irvin Je 1877 Spring eld Ave., 
Maplewood, N 
= Mfg., Co., 241 N. Main St., Am- 
er 
Gibbs Mfg. ., 725 Phanning Way, Berkeley 
10, Calif. 
Gibson Associates Inc., 390 N. Avenue 
, Cranford, N, J. 
Gill "M. Cc... Corp., 1418 Potrero St., El 
Monte, Calif, 
Gilman Brothers Co., The, Gilman, Conn. 
Gilman, Marty, Inc., Gilman, Conn. 
Girdler Process Equipment Div., Na- 
tional Cylinder Gas Co., 334 E. Broad- 


way, Louisville 1, Ky. 
Gladwin Plastics Inc., 165 Courtland St., 
Glakei Inc., Eekel Rd., Perrysburg, 


E., Atlanta 3 

Ohio 

Glasply Corp., 70 Lyons Place, Mt. Ver- 
non 5, _Y. 

Glass, Harry H Brothers Inc., 10 Van 
Cortlandt Ave., E., New York’ 68, N. Y. 

Glass tories ‘Inc., 863 65th St., 
Brooklyn 20, N. Y. 

Glass Yarns & Deeside Fabrics _ 
44-46 Kingsway, London W. C. 
England 
Glassoloid of America, 32 Well- 
ington St., ,N. J. 


% Indicates Advertiser 


Glastic oe 4321 Gl Rd., 
nn Ohio anes 


Po wee Ae Seba} Bay Shore, N. Y. 
Heater Corp., 372 Jelliff 
Ave., Newark 8, N. J. 

*Glidden Co., The, Chemicals, Pigments, 
Metals Div., 900 Union Commerce 
Bidg., Cleveland 14, Ohio 

*Glidden Co Co., , Industrial Paint Div., 
900 Union ‘Basen Bldg., Cleve- 
land 14, Ohio 

Globe Imperial Diy., Ainsworth Precision 
Castings Co., 2025 Kishwaukee St., 
Rockford, Ill. 

Globe Molded Plastics Inc., P. O. Box 
#1, Byesville, Ohio 
Glyco Products Co., 4" Empire State 
Bldg., New York i, N.Y 

— Mfg. Co., Inc., 1501 W. Blancke 

Linden, N. J. 
Goniall Sanford Inc., Off Ash St., Read- 


Gooden Pr 
n Products Coe, .» 263-273 William 
St., Englewood, N. J. 
*Goodrich, a... Chemical Co., 3135 Eu- 
clid Ave., Cleveland 15, Ohio 
ich Industrial Products Co., 500 S. 
Main St., Akron 18, Ohio 
year Ai t Div., Goodyear Tire 
& Rubber Co., 1210 Massillon Rd., 
Akron 15, Ohio 

Goodyear Tire & Rubber Co., The, 
Chemical Diy., 1144 E. Market St., 
Akron 16, Ohio 

Gordon-Lacey Chemical Products Co., 
Inc., 57-02 48th St., Maspeth, Long 
Island, N. Y. 

Gore, Fred M., 2902 Routh St., Dallas 4, 
Texas 

Gorrell & Gorrell, Westwood, N. J. 

*Gorton, George, Machine Co., 1100 W. 
13th St., Racine, Wis. 

Gosselini Automatic Plastic Molding Co., 
118 Burr Ct., P. O. Box 3262, Bridge- 
port 5, Conn. 

Gotham Plastics Corp., 220 E. 134 St., 
Bronx, N. 

Gougler, Cc. ae Machine Co., 705 Lake 
St., Kent, Ohio 

*Goulding Mfg. Co., 2929 River St., Sagi- 
naw, Mich. 

*Grace, W. R., & Co., Polymer Chemicals 
Div., 225 Allwood Rd., Clifton, N. J. 

Grace, W. R., & Co., Dewey & "Almay 
Chemical Co., 62 Whittmore Rd., 
Cambridge 40, Mass. 

Grant & Roth Plastics Inc., 2311 N. W. 
Johnson St., Song - 10, Ore. 

Grauert, Ralph W ~ ae 100 Gold St., 
New York 38, N 

*Great American Plastics Co., 650 Water 
St., Fitchburg, Mass. 

Green Instrument Co., Inc., 385 Putnam 
Ave., Cambridge 39, Mass. 

Greene Plastics Corp., Box 296, Canon- 
chet Rd., Hope Valley, R. I. 

Greenerd Arbor Press Co., 41 Crown St., 
Nashua 2, N. H. 

Greenfield, sx; S., 3143 Decatur Ave., 
Bronx 

Gregstrom ‘Gaol, 14 Davis St., 
ous e 39, Mass. 

rothers, Cooperage Corp., The, 
P. O. Box 398, Linden urst, Long Is- 
land, N. Y. 

Greising Engineering Co., 400 Singley 
Ave., Runnemede 2, N 

Gries Reproducer Corp "98 Second St., 
New Rochelle, N. Y 

Grieve-Hendry Co., Inc., 1401 W. Carroll 
Ave., Chicago 7, "Til. 

Griffin, Campbell, ‘Hayes, Walsh es 50 
E. 21st St., New York 10, N 

Grigoleit Co., The, 740 E. Rowthe: St., De- 
catur, Tl. 

Groov-Pin 1125 _ Cause- 
way, Ridgeleia, N 

Grouppe, Henry, 3a Pisininins Bldg., 
Houston 2, Tex. 


Cam- 


* Engine & Machine Co., 


*Harwick Standard Chemical Co., 


Grover, Frederic S., Association, 42 East 
Ave., Rochester 4, N. Y. 

Gruen, Robert, Associates, 509 Madison 
Ave., New York 22, N. Y. 


*Guild Electronics, Inc., 388 Broadway, 


New York 13, N. Y. 
Guild — Inc., 42 Hayes St., Elms- 
ford, N. 

Gulf Oil ae Petrochemicals Dept., 
P. O. Box 1166, Pittsburgh 30, Pa. 
Gulliksen, W. M., Mfg. Co., ‘Newton 

Lower Falls 62, Mass. 


H 


*H. M. S. Associates, 1923 Fairview Ave., 


Willow Grove, Pa. 

H & R Industries, 344 E. Walnut St., 
Nazareth, Pa. 

Haas Corp., The, Mendon, Mich. 

Hafleigh & Co., Main St., Buchanan, Va. 

Hake Mfg. Co., Inc., 1215 Midvale Ave., 

a wa Roanoke, V 

Hale & Kullgren Png 613 E. T 
Ave., Akron 10, Ohio 

see C. P., Co., The, 414 S. Broadway 

, Akron 8, Ohio 

Hall, ” Frances Cushing, 2019 Briarwood 
Rd., Charlotte 7, N. 

Haller Plastics tag 38-40 10th St., 
Long Island City 1, N. Y. 

Halocarbon Products Corp., 82 Burlews 
Ct., Hackensack, N. J. 

Halogen Insulator & Seal Corp., 10121 
Franklin Ave., Franklin Park, Ill. 

Halsen Mfg. Co., Edgemont & Tioga 
Sts., Philadelphia 34, Pa. 

Halsey Inc., 40 Poplar St., Scranton 9, Pa. 

Hamilton Tool Co., The, Ninth & Han- 
over Sts., Hamilton, Ohio 

Hampden Mfg. Co., Inc., P. O. Box 89, 
Palmer, Mass. 

Hankins Container Co., The, 14801 
Emery Ave., Cleveland. ll, Ohio 

Hanna Engineering Works, 1767 Elston 
Ave., Chicago 22, Ill. 

Hannifin Co., Div. of Parker-Hannifin 
Corp., 553D S. Wolf Road, Des 
Plaines, Ill. 


‘allmadge 


*Harchem Div., Wallace & Tiernan, Inc., 


25 Main St., Belleville 9, N. J. 

Har-Conn Chrome Co., Inc., The, 603 
New Park Ave., W. Hartford 19, Conn. 

Hardman, H. V., Co., 575 Cortlandt St., 
Belleville 9, N. J. 

Har-E-Dan sm 3089 Fulton St., 
Brooklyn 8, N. Y. 

Harkin AGfitigtes’ Inc., 95 Madison Ave., 
New York 16, N. Y. 

Harms, Perc. FE Co., 1739 Harding Rd., 
Northfield, 1 

Harper fold, TT ‘& aeetiies, 1717 San- 
som St., Philadelphia 3, P. 

Harrington & King Perforating Co., The, 
5655 W. Fillmore St., Chicago 44, ie 

Harrison & Co., Inc:, 487 Groveland St., 
Haverhill, Mass. 


*Harshaw Chemical Co., 1945 E. 97th St., 


Cleveland 6, Ohio 

Harstill Industries Co., 24955 Harper St., 
St. Clair Shores, Mich. 

Hart, William A., & Associates, Route 2, 
Box 278, St. Charles, Ill. 

Hart-Carter Co., 655 19th Ave., N. E., 
Minneapolis 8, Minn. 

Harte & Co., Inc., 16 E. 34th St., 
York 16, N. Y. 


New 


1137 
Globe Ave., Mountainside, N. j. 
Hartland Plastics Inc., 340 Maple Ave., 
Hartland, Wis. 


60 S. 
Seiberling St., Akron 5, Ohio 
as John, Inc., Box 2243, New York, 
N.Y 


Hastings & Co., - 2314 Market St., 
Philadelphia 1, Pa. 

Hauser, Jon W., Inc., Charles National 
Bank Bldg., Charles, ill. 





Haveg Industries Inc., 900 Greenbank 
Rd., Wilmington 8, Del. 

Hawley Products Co., 333 N. Sixth St., 
St. Charles, Ill. 

*Hayden Mica Co., Wilmington, 
Mass. 

Haynes Labs., Inc., 61 Chandler St., 
Springfield, Mass. 

Hays Mfg. Co., 12th & Liberty, Erie, Pa. 

Heil Process Equipment, 1290 Elmwood 
Ave., Cleveland 11, Ohio 

Helicoid Gage Div., 929 Connecticut 
Ave., Bridgeport 2, Conn. 

Hendrick Mfg. Corp., 11 
Marblehead, Mass. 

Henriques, J. B., 5 nate 521 Fifth Ave., 
New York 17, N 

*Henschel-Werke Gmbh, Kassel, W. Ger- 
many 

Hercules Powder Co., Wil- 
mington, Del. 

Heresite & Chemical Co., 822 S. 14th St., 
Manitowoc, Wis. 

Hermes Engravers Inc., 
Pl., New York 3, N. Y. 

Hershey, Louis P., Co., P. O. Box 1670, 
Old PO Station, Chicago 90, Ill. 

Hes Electrical Mfg. Corp., 10829 E. 
Central Ave., El Monte, Calif. 

Hewitt, C. B., & Bros., _ 23-23 Greene 
St., New York 9, N. 

Hexcel Products Inc. 4 9741 9th St., Berke- 
ley 10, Calif. 

Heyden Newport Chemical Corp., 
Madison Ave., New York 17, N. Y. 

High Strength Plastics Corp., 1407 W. 
Jackson Blvd., Chicago 7, iil. 

High Vacuum Equipment 
Churchill Rd., Higham, Mass. 

High Voltage Engineering Corp., Burling- 
ton, Mass. 

Hinde & Dauch Div. of West Virginia 
Pulp & Paper Co., P. O. Box 861, San- 
cate. Ohio 

*Hirsch, G., Sons, Inc., Industrial Fabrics 
Div. 119 W. 40th St., N. Y., N. Y. 

* Hobbs Mfg. Co., 55 Salisbury Rd., Wor- 
cester 5, Mass. 

—— Chemical Corp., W. Warwick, 
R. 

Hoffman & Schwabe, K. G., Krefeld, W. 
Germany 

Hoffman Industries Inc., 345 E. Main St., 
Spring Arbor, Mich. 

*Holland, M., Co., 225 N. Racine St., Chi- 
cago 7, Ill. 

Hollander, Allen, Co., a , 385 Gerard 
Ave., New York 51, Y 

Hollywood Plastic Arts Me 515 E. Ninth 
St., Los Angeles 15, Calif. 

Holstein Injection Molding Inc., 53 Or- 
chard St., Clifton, N. J. 

*Hommel, O., Co., The, 209 4th 
Pittsburgh "99. Pa. 

*Hooker Electrochemical Co., Durez Plas- 
tics Div., 88 Walck Road, N. Tona- 
wanda, N. Y. 

*Hopp Plastics, Div. of the 4 » ae 
Inc., 460 W. 34th St., N. Y., 

Houghton, E. F., & Co., 303 WwW. Lchigh 
Ave., Philadelphia 33, "Pa. 

Howell Designers, James & Marie, 404 
Benefit St., Providence 3, R. I. 

Huber, J. M., Corp., 100 Park Ave., 
York 17, N. Y. 

Hughes, Henry, 1440 Old County Rd., 
Belmont, Calif. 

Hughes Glue Co., 3500 St. Aubin St., De- 
troit 7, Mich. 

Hughes Plastics Inc., St. Joseph, Mich. 

Hull Corp., Hatboro, Pa. 

*Hull-Standard Corp., Hatboro, Pa. 

Hummel Chemical Co., 90 West St., 
York 6, N. Y. 

Hungerford Plastics Corp., P. O. Box 376, 
Morristown, N. J. 

Hunt, Rodney, Machine Co., 
Orange, Mass. 


Main St., 


Selman St., 


Market St., 


13-19 University 


342 


Corp., 2 


Ave., 


New 


New 


130 Mill St., 


* Indicates Advertiser 


Hunton Plastics ‘4 178 S. Van Brunt 
St., Englewood, N 
*Hurlbut Paper Co., S. Lee, Mass. 
Huxtable L. Garth, Asid Industrial De- 
sign, 46 E. 76th St., New York 21, 
N. Y. 
— A. L., Co., Main St., Grenloch, 
ity drsulic Press Mfg. Co., The, Div. of 
Koehring Co., Marion Rd., Mt. Gilead, 
Ohio 
Hydro Molding Co., Inc., 100 Sharron 
Ave., Plattsburgh, N. Y. 
Hydrawlik, 131 E. First Ave., Roselle, 
N. J. 
Hy- Pro Tool Co., 459 Mt. Pleasant, New 
Bedford, Mass. 
Hy-Sil Mfg. Co., 


Spring & Prospect Ave., 
Revere, Mass. 


Ideal Plastics, Div. of Ideal Toy Corp., 
184-10 Jamaica Ave., Hollis 23, N. Y. 
Identification Service Corp., 144 W. 46th 
St., New York 36, N. Y. 
Illinois Testing Laboratories Inc., 
LaSalle St., Chicago 10, Ill. 
*Imperial Chemical Industries, Ltd., Im- 
perial Chemical House, Millbank. Lon- 
don S. W. 1, England 
Imperial Industries Inc., 
Ave., Wayne, Mich. 
Imperial Paper & Color Corp., 
Warren St., Glens Falls, N. Y. 
*Improved Machinery Inc., 150 Burke St., 
Nashua, N. H. 
Independent Die & Supply Co., 2641 
LaSalle St., St. Louis 4, Mo. 
Industrial Adhesives, Boca Raton, Fla. 
Industrial Devices Inc., River Rd., Edge- 
water, N. J. 
Industrial & Domestic Silicone Distribu- 
tor, 6206 Yarmouth Ave., Reseda, Calif. 
Industrial Engineering Service, Washing- 
ton St., S. Easton, Mass. 
Industrial Heater Co., Inc., 417 Canal 
St., New York 13, N. Y. 
Industrial Hard Chromium Co., Seven 
Rome St., Newark 5, N. J. 
*Industrial Mfg. Corp., 31 E. Georgia St., 
Indianapolis 4, Ind. 
*Industrial Molded Products Co., Inc., 
Highway 53 & U. S. 14, Palatine, IIl. 
Industrial Molding Corp., 8924 Lindblade 
St., Culver City, Calif. 
Industrial Nucleonics Corp., 1205 Chesa- 
neake Ave., Columbus 12, Ohio 
* Industrial Ovens Inc., 13825 Triskett Rd., 
Cleveland 11, Ohio 
Industrial Plastic Co., 
Metuchen, N. J. 
a Plastic Fabricators, 
Norwood, Mass. 
Indctrial Plastic Fittings Co., 3891 W. 
150 St., Cleveland, Ohio 
Industrial Plastics Corp., 816 W. Beards- 
ley Ave., Elkhart, Ind. 
*Industrial Research Laboratories, 
Honolulu Oil Corp., 961 E. 
Ave., Los Angeles 11, Calif. 
Industrial Sales Engineers, 
Ave., New York 17, N. Y. 
Industrial Solvents & Chemicals Inc., 
Depot St., Wilkinsonville, Mass. 
Industron Corp., 55 Needham St., 
ton 61, Mass. 
Ingwersen Mfg. Co., Inc., 1870 S. Acoma 
St., Denver 23, Colo. 
Injection Molding Corp., 115 
Ave., New York 3, N. Y. 
* Injection Molders Supply Co., 3514 Lee 
Rd., Cleveland 20, Ohio 
Inland Container Corp., 700 W. 
St., Indianapolis 6, Ind. 

Instron Engineering Corp., 2500 Wash- 
ington St., Canton, Mass. 
Insulating Fab. of N. E. Inc., 69 Grove 

St., Watertown 72, Mass. 


420 N. 


4436 Walker 


Lower 


216 Tinoley Lane, 


Endicott 


Div. 


Slauson 


511 Fifth 
New- 


Fourth 


Morris 


Insulation Mfg. 
Ave., Brook 
Insulation Pr 
Pittsburgh 8, 
Interchemical “ned ., Color & Chemicals 
Div., 150 Wagaraw Rd., Hawthorne, 


a Corp., Finishes Div., 224 
McWhorter St., Newark 5, N. J. 

Intercontinental Dynamics Corp., 170 
Coolidge Ave., Englewood, N. J. 

International Balsa Corp., 96-100 Boyd 
Ave., Jersey City 4, N. J. 

International Eastern Co., 801 Beene of 
the Americas, New York 1, N. Y. 

International Engraving Corp., Grove & 
Rutgers Aves., Cedar Grove, N. J. 

International Filler Corp., Bridge St., N. 
Tonawanda, N. Y. 

International Molded Plastics Inc., 4387 
W. 35 St., Cleveland 9, Ohio 

International Plastic Co., 1950 Third 
Ave., New York 29, N. Y. 

International Textile Co., 2511-31 W. 
18th St., Chicago 8, Il. 

xInterplastics Corp., 120 E. 56th St., New 

York 22, N. Y. 

Intraplast Mfg. Co., 50 Broad St., 
York 4, N. Y. 

Ions Exchange Chemical 
Leonard St., New York, 

Ironsides Resins Inc., 270 we Mound St., 
Columbus 15, Ohio 

*Irvin, Jewell & Vinson Co., The, 115 E. 

Third St., Dayton 2, Ohio 

Island Equipment Corp., 27-01 Bridge 
Plaza, Long Island City 1, N. Y. 

Isocyanate Products, Inc., Box 
Wilmington, Del. 


Co., Inc., 11 New York 
n 16, N. Y. 
on Co., P, O. Box 5679, 


New 
eT .» 48 


1681, 


J 


J. B. Products Ae 1745 N. Ashland 


St., Chicago 2: 

Jacobs, H. G., Mfg. Co., Ine., 159-167 
Linwood Ave., Paterson 2, N. J. 

Jacobson, S. I., Mfg. Co., 1414 S. Wabash 
Ave., Chicago 5, Il. 

Jalce Tool Co., 140 Johnson Ave., 
lyn 6, N. Y. 

Jamestown Finishes Inc., 125 Blackstone 
Ave., Jamestown, N. Y. 

Jamison Plastic Corp., 1255 Newbridge 
~ N. Bellmore, N. Y. 

Jay, T. V., Co., 2227 W. Belmont Ave., 
Chicago. 18, Il. 

Jefferson Chemical > se 1121 Walker 
Ave., Houston 2, T . 

Jersey Plastic & Die Casting Co., 149-165 
Shaw Ave., Irvington 11, N. ]. 

xJessal Plastics, Div. of The Electric Stor- 

age Battery Co., 889 Farmington Ave., 
Kensington 1, Conn. 

Jet Specialties Co., Inc., 941 N. Eastern 
Ave., Los Ange sles 63, Calif. 

Joanna’ Western Mills = 22nd & Jeffer- 
son Sts., Chicago 16, 

Jodee Plastic Co., 3089 vchiee St., Brook- 


lyn 8, N.Y 
*Johns-Manville, 22 E. 40th St., New York 
6, N. Y. 


#Johns- Manville Asbestos Fibre Div., Box 
1500 Asbestos, Quebec, Canada 
Johnson Glass & Plastic Corp., 5248 Els- 

ton Ave., Chicago 30, Ill. 
Johnson, s. C., & Son 'Inc., 1525 Howe 
St., Racine, Wis. 
*Johnson Machinery a. 683 Frelinghuy- 
sen Ave., Newark 5, N. Y. 
* Johnson Mig. Co., 229 S. Main St., Chip- 


Brook- 


ewa, 
John stone Engineering & Machine Co., 
Parkesburg, Pa. 
Joliet Plastic Inc., 15 S. Joliet St., Joliet, 
Ill. 
Jones Motrola Corp., 432 Fairfield Ave., 
Stamford, Conn. 





Jupiter Plastics Inc., 103 Hawthorne Ave., 
Pittsfield, Mass. 

Just Plastics Inc., 250 Dyckman St., New 
York 34, N. Y. 


K 


K-S-H Plastics, Inc., Highway 30, High 
Ridge, Mo. 
Kabar Mfg. Corp., 1907 White Plains 
Rd., New York 62, N. Y. 
Kal Plastics, Inc., P.O. Box 235, Beaver- 
ton, Mich. 
Karlstad, Andrew C., 4146 om Can- 
yon Ave., Sherman Oaks, Calif 
*Kexien Machinery Corp., 210 E. Ohio 
Chicago 11, Ill. 
Kenacl ~—, Co., 11 Broadway, New 
York 4, N. 
Kaufman. 1 Bes Co., 1209-21 French St., 
Wilmington 99, Del. 
Kavmagraph Co., 14th & Poplar Sts., 
Wilmington 99, Del. 
Kay-Fries Chemicals, Inc., 180 Madison 
Ave., New York 16, N MN. T. 
Kaye Plastics Corp., P. O. Box 1149, New 
Brunswick, N. J. 
Kaye, Chris, Plastics Mfg. Co., 1200 
Madison Ave., Madison, Ill. 
Kaykor Industries, Inc., Div. of Kaye-Tex 
Mfg. Corp., Yardville, N. J. 
Kaye-Tex Mfg. Corp., S. Broad St., Yard- 
ville, N. J. 
Keck, Henry, Associates, 660 S, Fair Oaks 
Ave., Pasadena 2, Calif, 
Keeler & Long, Inc., 167 Maple St., 
Waterbury, Conn. 
Kehr Products Co., 401 N. Broad St., 
Philadelphia 8, Pa. 
Keller Products, Inc., 41 Union St., Man- 
chester, N. H. 
Kellerin Wey Inc., 955 E. 5lst St., 
Brook yn 3 5 2 
Kelley, George A., Mfg. R-R3 S. State St. 
Rd., Litchfield, "Til. 
Kel Min Co., Old State Rd., Middlefield, 


Kendall Co., The, Polyken Div., 309 W. 
Jackson Blvd., Chicago, Ill. 
— Co., 1001 'N. 10th St., Terre Haute, 
nc 
Renin S aah, ie 1456 Fourth 
achaler 10, 
Kenrich Corp., 57- oo rr St. ., Maspeth 78, 


Kent Plastics Corp., 1528 N. Fulton Ave., 
Evansville 10, Ind. 
*Kentucky Color & Chemical Co., 600 N. 
34th St., Louisville 12, Ky. 
Kenwood Plastics, 5200 River Rd., Wash- 
ington 16, D. C. 
*Keolyn Plastics, Inc. .» 2731 N. Pulaski Rd., 
Chicago 39, Tl. 
— Industries, 105 W. Spazier, Burbank, 
ali 
Kerrco Products, Box 228-Havelock Sta., 
Lincoln 7, Neb. 
Kessler Chemical Co., Inc., State Rd. & 
Cottman Ave., Philadelphia 35, Pa. 
Ketchpel Engineerin Corp., 1401 Palis- 
ade Ave., W. Englewood, N. J. 

Keyes Fibre C 0., Waterville, Maine 

Keystone Packaging Service, 1012 Wash- 
ington, Easton, Pa. 

Keystone Plastics, Inc., 280 Badger Ave., 
Newark, N. J. 

Keystone Refining Co., Inc., 4821-31 Gar- 
den St. , Philadelphia 37, Pa. 

*Killion Tool & Mfg. Co., 56 Depot St., 

Verona, N. J. 

Kimball Mfg. Corp., Harbor at Mill St., 
San Rafael, Calif. 

Kimberly Clark Corp., Neenah, Wis. 

Kindt-Collins Co., 12651 Elmwood Ave., 
Cleveland 11, Ohio 

King Designers, 13118 W. Chicago Ave., 
Detroit 28, Mich. 


* Indicates Advertiser 


*Kingman, E. B., 96 Exchange St., Leo- 
minster, Mass. 
Kingsbacher-Murphy Co., 9830 Bellanca 
Ave., Los Angeles 45, Calif. 
*Kingsley Stamping Machine Co., 850 
Cahvenga Blvd., Los Angeles 38, Cali- 


fornia 

Kirk, F. J., Molding Co., Inc., 33 Brook 
St., Clinton, Mass. 

Kleen-Stik Products, Inc. 
son St., Chicago 31, iil. 

Klise Mfg. Co., 50 Cottage Grove St., 
Grand Rapids 2, Mich. 

Klisey Engineering Co., 4407 Union 
Pacific Ave., Los Angeles 23, Calif. 
Klug Engineering Service, 216 S. Mans- 

field Ave., Los Angeles 36, Calif. 

Knoedler Chemical Co., 651 High St., 
Lancaster, Pa. 

Knuth Engineering Co., 2617 N. St. Louis 
Ave., Chicago 47, Il. 

Kohnstamm, H., & Co., Inc., 161 Avenue 
of the Americas, New York 7, N. Y. 

Kolker Chemical Corp., 600 Doremus 
Ave., Newark 5, N. J. 

Koller Craft Plastic Products, Fenton, Mo. 

*Koppers Co., Durethene Plant, 7001 W. 
60th St., Chicago 38, IIl. 

*Koppers Co., Inc., Plastics Div., 
burgh 19, Pa. 

*Korris Products Inc., 4400 Lawndale 
Ave., Lyons, Ill. 

Kraloy Plastic Pipe Co., Inc., 4720 FE. 
— Blvd., Los Angeles 22, 
Cali 

*Kramer, H. W., Co., Inc., 120-30 Jamaica 
Ave., Richmond Hill 18, N. Y. 

Kreidl Chemical & Physical Co., 956 
Fifth Ave., New York 21,N. Y. « 
Kreier George J., & Son, 1524 Cambridge 

St., Phila elphia 30, Pa. 

Krieger Color & Chemical C ‘o., Inc., 6531 
Santa Monica Blvd., Hellywood 38, 
Calif. 

Kroll Equipment Co., 620 W. Fulton St., 
Chicago 6, IIl. 

Kuhlman Plastics Co., Inc., 3734 Gardner 
Ave., Kansas City 20, Mo. 

*Kuhn & Jacob Molding & Tool Co., 1200 
Southard St., Trenton 8, N. J. 
Kunst, John, Co., a 41 Murray St., 


New York 3 ; 
*Kurz-Kasch, ine. . 1421 S. Breadway, 
Kusan, Inc., 2716 Franklin Rd., Nashville 


7300 W. Wil- 


Pitts- 


Dayton L, Ohio 


4, Tenn. 
Kwik-Mold Plastic Corp., 247 W. 67th 
St., New York 23, N. Y. 


L 


L & P Tool Co., 2861 Sidney Ave., Cin- 
cinnati 25, Ohio 
O. F. Glass Fibers Co., 1810 Madison 
Ave., Toledo 1, Ohio 

Lebelon Tape Co., Inc., 450 Atlantic 
Ave., Rochester 9, N. Y. 

Lake Chemical Co., 3052 W. Carroll 
Ave., Chicago 12, IIl. 

Lake Erie Machinery Corp., 869 Wood- 
ward Ave., Kenmore 17, N. Y. 
Lake Erie Plastics Co., 140 Woodbury 
St., Elyria, Ohio 
Lamb Plastics Inc., 
Lambertville, N. J. 

Lamicell Engineering Co., 122-128 W. 
10th St., Baxter Springs, Kan. 

Laminair Inc., 18530 S. Broadway St., 
Gardena, Calif. 

Laminar Corp., 384 W. Putnam 
Greenwich, Conn. 

Laminated Sheet Products Corp., 449 
Neponset St., Norwood, Mass. 

*Laminations Inc., 1008 S. Irving Ave., 

Scranton, Pa. 

Lami-Plast Products Co., 4701 Wishart 
Blvd., Tampa 3, Fla. 


239 N. Union St., 


Ave., 


Lamode Plastic Co., Inc., 
St., New York 18, N. Y. 

a Chemical Corp., Broad & 13th 

Carlstadt, N. J. 

mp Corp., The, 837 Buckingham St., 
Toledo 1, Ohio 

Landers-Segal — Co., 78 Lelevan St., 
Brooklyn 31, N. 

Lane, J. H., & Co., - ., 250 W. 57th St., 
New York 19, N. ¥. 

Lapcor Plastics Inc., 2214 Franklin St., 
Manitowoc, Wis. 

Lapeer Mfg., Co., 1147 W. Baltimore St., 
Detroit 2, Mich. 

La Rose, W. T., & Associates Inc., 
N.Y 


242 W. 38th 


Troy, 


iN. . 

Latrobe Steel Co., Latrobe, Pa. 

Laurel Plastics Inc., 1501 Allen St., 
Wanamassa, N. J. 

Lavorazione Materie Plastiche, Via Nico- 
mede Bianchi 72, Torino, Italy 

Lawrence Adhesive & Chemical Co., 
Inc., 10 S. Canal St., Lawrence, Mass. 

Lawson Co., The, 426 W. 33rd St., New 
York 1, N. A 

*Lawton, C. A., Co., The., 233 N. Broad- 
way, De Pere Be Wis. 

Lea Mf Co., The, 
Wate - ie 20, Conn. 
*Leaf Plastics Inc., 135 Woodworth Ave., 
Yonkers, N. Y. 
Leathertone Inc., 
ton 16, Mass. 
Lebec Chemical Corp., 14066 S. Garfield 
Ave., Paramount, Calif. 

Lee, Walter, Chemical Corp., 1383 Sea- 
bury Ave., Bronx 61, N. Y. 

Lee Deane Products Inc., 15511 S, Car- 
menita Road, Norwalk, Calif. 

Leeds & Northrup Co., 4970 Stenton 
Ave., Philadelphia 44, Pa. 

Lee-Hy _— Inc., 160 Ellicott §St., 
Buffalo 3, N. Y. 

*Lehman, J. Co., William R. Thropp 
& Sons Div., 550 New York Ave., 
Lyndhurst, N. Y. 

Leiman Brothers Inc., P. O. Box 1339, 
146-181 Christie St., Newark 5, N. J. 

Lembo Machine Works Inc., 248 E. 17th 
St., Paterson, N. J. 

Lemmon & Snoap, 286 Bridge St., Grand 
Rapids 4, Mich. 

Lenco Inc., 350 W. Adams St., Jackson, 
Mo. 

Leominster Tool Co., Inc., 272 Whitney 
t., Leominster, Mass. 
Lermer Plastics Inc., 502 

Garwood, N. J. 
Leslie Co., Valley Brook & Grant Ave., 
Lyndhurst, N. J. 

*Lester-Phoenix Inc., 2711 Church Ave., 

Cleveland 13, Ohio 

Levey, Harold A., 8127-33 Oleander St., 
New Orleans 18, La. 

Levin, Monte L., 501 Madison Ave., New 
York 22, N. Y. 

Lewis, G. B., Co., 3426 Montgomery St., 
Wate town, Wis. 

Lewis, J. P., The, Beaver Falls, N. Y. 

*Lewis Welding & Engineering Corp., 
23000 St., Clair Ave., Cleveland 17, 
Ohio 

Libbert Tool & Die, 5331 Whitesettle- 
ment Rd., Fort Worth 14, Tex. 

*Liberty Cutting Die Co., 65 Bleecker St., 
New York 12, N. Y. 

Liberty, Gene, 500 Kappock St., 
York 63, N. Y. 

*Liberty Machine Co., Inc 

Ave., Paterson, N. I. 
Liberty Plastics Co., 50 Grant St., 
town, N. 

*Liberty Tool & Machine Co., 
St., Irvington 11, N. J. 
Lignum Chemical Works, The, 37-10 Re- 
view Ave., Long Island City 1, N. Y. 
Lincoln Engineering Co., 5701 Natural 

Bridge, St. Louis 20, Mo. 


16 Cherry Ave., 


260 Tremont St., Bos- 


South Ave., 


New 
275 Fourth 
Woods- 


18 S. 20th 
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L a Molded Plastics Inc., 13 Marshall 
S. Norwalk, Conn. 

*L ove Molded Plastics Inc., Subsidiary 
of General American Transportation 
Corp., Corwin & Clinton St., Circle- 
ville, Ohio 

Linder, D., Plastics Inc., 
St., Erie, Pa. 

Lindsay, John, 2475 W. 26th St. 
11, Colo. 

L inehan & Co., 
7, Tex. 

Lippincott & mg Inc., 
Ave,. New York 22, N. Y. 

Liquid Nitrogen ah tS Corp., 451 
Booth St., Chester, Pa. 

*Litzler, C. A., Co., Inc., 1817 Brookpark 

Rd., "Cleveland 9. Ohio 

Lodding Inc., 73 Beacon St., 
1, Mass. 

I odge & Shipley Co., The, 3055 Colgrain 
Ave., Cincinnati 25, Ohio 

Loewinger Mold Engineering Co., 299 
Pacific St., Brooklyn 2, N. Y. 

Logan Engineering Co., 4901 W. Law- 
rence Ave., Chicago 30, Ill. 

* Logan Hydraulics, Inc., 4901 W. Law- 

rence Ave., Chicago 30, Ill. 

Logo Div., Bee Chemical Co., 
Stony Island Ave., 
Loma Plastics Inc., 
Fort Worth, Tex. 
*Lombard Governor Corp., Ashland, Mass. 
Lone Star Boat Co., 1930 E. Main St., 
Grand Prairie, Tex. 
Lone Star Plastics Co., Inc., 
Cutoff St., 


1825 Raspberry 
, Denver 
2062 Irving Blvd., Dallas 
430 Park 


Worcester 


12933 S. 
Chicago 33, Ill. 
3000 W. Pafford St., 


124 Roberts 
Fort Worth, Tex. 
Long, Thomas J., Ls, 215 Stonehinge 
Lane, Carle Pl., 
Long-Bell Div., cae Paper Co., 
Longview, Ww ash. 
Loomis Engineering & Mfg., Co., #22 
Route 46, Caldwell, N. J. 
Loranger Plastics Corp., 36 Clark St., 
Warren, Pa. 
Lord Chemical Corp., 2068 S. Queen St., 
York, P: 
*Lor-El Co., 252 Paterson Plank Rd., Jer- 
sey City "”, N. 
Loven Chemical of California, 23874 
Pine St., Newhall, Calif. 
Ludascher, William C., 1110 Beverly Rd., 
Eddington, Pa. 
Lumar Optical Mfg., Co., Inc., 
Terrace Ave., Mt. Vernon, N. Y. 
Lumelite Corp., Pawling, N. Y. 
Lunn Laminates Inc., Oakwood Rd. & 
llth St., Huntington Station, Long Is- 
land, N. 
*Lupoline als Polishing Equipment 
Corp., 99-111 Columbus Ave., Tucka- 
hoe 7, N. Y. 
Lusteroid Container Co., Inc., 
Parker Ave., Maplewood, N. J. 
Lustra-Cite Industries Inc., 331 
Ave., Brooklyn 11, N. Y. 
Lus-Trus Corp., 884 Railroad St., 
lanti, Mich. 
Luzerne Rubber Co., 
Trenton 7, N. J. 
*Lydon Bros., Inc., 85 
Hackensack, N. J. 


133 S. 


10 W. 
Kent 
Ypsi- 
Muirhead Ave., 
Zabriskie St., 


M 


M. C. L. Plastics Corp., Hartung Blvd., 
Lakewood, N. J. 

*M & N Modern Hydraulic Press, Route 
3, Clifton, N. J. 

McClarin Plastics, New Oxford, R.D. 1, 


Pa. 
McCloskey Varnish Co., 7600 State Rd., 
Philadelphia 36, Pa. 
McCutcheon, George, 725 N. 
Ave., Los Angeles 29, Calif. 


Western 


*McKesson & Robbins Inc., 155 E. 44th 


St., New York 16, N. Y. 


*% Indicates Advertiser 
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McLeane, H. F., & , 4112-18 Clay- 
ton Ave., St. Louis 1 0, Mo. 

MacDonald Mfg., Co., 550 Green St., 
New Baltimore, Mich. 

MacMillin Engineering Corp., 3999 N. 
25th Ave., Schiller Pk., Ii. 

Machine Factory & Foundry Ltd., Net- 

stal/GL., Switzerland 
* Mack Molding Co., <<. Wayne, N. J. 

Mack, John, & Son, \ folded Products 
Inc. 6227 N. Broadway, Chicago 40, 
Ill. 

*Madan Plastics Inc., 370 North Avenue 

E., Cranford, N. J. 

Magnolia Chemical Co., Hill & Ellis Sts., 
Rosewell, 

Maimin, H., Co., Inc., 575 Eighth Ave., 
New York 18, 'N. Y. 

Majestic Creations Inc., 37-03 Woodside 
Ave., Woodside 77, N. z. 

Majestic Molded Products Inc., 845 E. 
138 St., New York 54, N. Y. 

Majestic Molding Co., 805 W. River Rd., 
Elyria, Ohio 

Makray Mfg., Co., 4400 N. Harlem Ave., 
Chicago 31, Ill. 

Malco Plastics Inc., 4100 Plastic Pl., Bal- 
timore 15, Md. 

Mallin, Edmund P., 418 N. May St., Chi- 
cago 22, Ill. 

Mallinckrodt Chemical Works, Second & 
Mallinckrodt Sts., St. Louis 7, Mo. 

Manchester Molding Co., Manchester, Vt. 

Manco Products Inc., 2401 Schafer Rd., 
Melvindale, Mich. 

Manhattan Adhesives ce , 425 Green- 
point Ave., Brooklyn 77, 

Mankato Paper Box Co., 796 S. Front St., 
Mankato, Minn. 

Mannesmann-Easton Plastic Products Co., 

. Inc., 900 Line St., Easton, Pa. 

Manton Gaulin Mfg. Co., Inc., 44 Gar- 
den St., Zverett 49, Mass. 

Manufacturers Corporation of Ohio, 104 
Ausdale Ave., Mansfield, Ohio 

work 13.N & Co. 153 Lafayette St., 

¥ 1200 Manhattan Ave., 


go 23, N. Y. 
* Marblette Corp., The, 37-21 30th St., 
Long Island City 1, N. Y. 
*Marbon Chemical Div., Borg-Warner 
Corp., 7165 Chicago Ave., Cary, Ind. 
Marcus, Ruth Jerome Co., 141 W . Jack- 
son Boulevard, Chicago. 4, Ill. 
Maridon Mfg., Corp., 437 — 88th St., 
Brookl , 2 
Marine Due ntrols Laboratories, Div. Dixie 
Plastics Mfg. Co., 3017 N. Galvez St., 
New Orleans 1, La. 
me Plastics Inc., School St., Clinton, 


Rs nad nine Co., 150 Congress St., 
Keene 20, H. 

Marken Plogtic; Corp., 2427 E. 55th St., 
Los Angeles 58, Calif. 

Marmyte Co., 500 McKinley Ave., Mun- 


delein, Il. 

Marplex Co., 348 Washington St., El 
Segundo, Calif, 

Martindell Molding Co., N. Olden & 
Sixth St., Trenton 8, N. 

* Marvel Engineering Co., 7227 N. Hamlin 

Ave., Chicago 45, fl.’ 

Maryland Plastics Inc., ee ae ae 

Masland Duraleather Co., The. 
Willard Sts. Philadelphia 34, Pa. 

Mason’s Art Plastics, 1928 Seventh Ave., 
Seattle 1, Wash. 

Mastro Plastics Corp., 3040 Webster 
Ave., New York 67, N. Y. 

Mateer, G. Diehl, Co., 776 Lincoln High- 
way, Wayne, Pa. 

Matthews, Jas. H., & Co., 3829 Forbes 
Ave., Pittsburgh, Pa. 

Mayer Refrigerating Engineers Inc., Lin- 
coln Park, N. J. 

Mayfair Molded Products, 3700 N. Rose 
St., Schiller Park, Til. 


*Mayflower Electronic Devices Inc., 20 
Industrial Ave., Little Ferry, N. J. 
Maynard Plastics Co., 49 Congress St., 
Salem, Mass. 

Mayon Plastics, 415 — l7th Ave., N., 
Hopkins, Minn 

Mazzucchelli Celluloide S. ¥ A., Cas- 
tiglione Olona, Varese, I 

Mead Specialties Co., 4114 N. Kaos Ave., 
Chicago 41, Ill. 

*Mearl Corp., 124 E. 40th St., New York 

16, N. Y. 

Mears-Kane-Ofeldt, Inc., P. O. Box 223, 
Bridgeport, Montgomery County, Pa. 

Mechanical Engraving Co., Inc., 10 Van 
Cortlandt Ave., E., Bronx 68, N. Y. 

Mechtronics Co., 423 Coulter St., Phila- 
delphia 44, Pa. 

Melamine Plastics Inc., 510-524 W. 
Fourth St., Winona, Minn. 

Melin Tool Co., Inc., 3370 W. 140th St., 
Cleveland 11, Ohio 

Merchandise vig ag ye Inc., 208 E 
120 St., New York 35, N 

* Merck 7 Co., Inc., Chemical Div. Rah- 

way, N. J. 

Meer Heat Sealing Equipment Co., 
2601 N. Howard St., Philadelphia 33 


Pa. 
*Mercury Industries Inc., 365 Broadway, 

Hillside, N. J. 

Mercury Plastics Corp., Seven Springfield 
St., Chicopee, Mass. 

Meriden Molded Plastics Inc., 25 Me- 
chanic St., Meriden, Conn. 

Meridian Plastics Inc., 110 Eighth St., 
Byesville, Ohio 

Merix Chemical Co., 1021 E. 55th St., 
Chicago 15, Ill. 

Merlang Mfg., Corp., 19 W. 34th St 
New York 1, N. Y. 
Merritt-Solem Div., Solem Machine Co. 
120 S. Niagara St., Lockport, N. Y. 
Mesa Plastics Co., 11751 Mississippi St 
Los Angeles 25, Calif. 

Metal Specialty Co., The, Este Ave. & | 
& O R.R., Cincinnati 32, _ 

*Metal & Thermit Corp., Rahway 

Metallic Plastics Corp., 27-10 Sain be. 
Long Island City 1, N. Y 

rng. * 7 Inc., 5292 einen High- 

, Chicago 30, Tl. 

Meta mold Forming My 53 Greene St., 
New York 13, N. Y 

Met iths, 560 White St., Orange, N. J. 

Metaplast Process Inc., 34-51 56th St., 
Woodside 77, N. Y. 

Meyercord Co., The, 5323 W. Lake St., 
Chicago 44, Ill. 

Meyers, N. F., Co., 1017 14th St., Bed- 
ford, Ind. 

Mica Laat 4031 Elenda St., Culver City, 
Calif 


Mica Insulator Co., Div. of Minnesota 
Mining & Mfg., Co., 797 Broadway 
Schnectady 1, N. Y. 

*Michigan Chrome & Chemical Co., 
Grinnell Ave., Detroit 13, Mich. 

Michigan Oven Co., 415 Brainard St., 
Detroit 1, Mich. 

Michigan Panelyte Molded Plastics, 
Grand St., Dexter, Mich. 

*Michigan Plastic Products Inc., Robbins 
Rd., Grand Haven, Mich. 

*Mico Instrument Co., 80 Trowbridge St., 
Cambridge 38, Mass. 

*Microcell Ltd., 56, Kingsway, London 
W. C. 2, England 

Micron Plastics Corp., 640 Dean 5 
Brooklyn 38, N. Y. _ 

Micron Specialties Co., 4253 W. Fuller 
ton en Chicago 39, Ill. 

Micro-W = amy gg Co., 301 Crooks 
Ave., Clifton, N. J. 

& Chemical Corp., 
2600 Goodrich St., Ferndale 20, Mich 


Midland a Inc., 10 N. E. Second 
St., Minneapolis 13, Minn. 
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*Midland Die & Engraving Co., Div. of 
Prex Corp., Belmont Ave., & Wolf Rd., 
Franklin Park, Ill. 

Midwest Decal, 1245 S. State St., Chi- 
cago 5, 


Ill. 
Midwest "Molding & Mfg. Co., Gurnee, 


anata Plastic Products Co., 1801 Chi- 
cago Rd., Chicago Heights, "il. 

Midwest Pressure Casting Co., 1350 W. 
Cermak Rd., Chicago 8, ml. 

Miller Electric Co., 120 Main St., Paw- 
tucket, R. L. 

*Miller Fluid Power, Div. of Flick-Reed 
Corp., 2020 N. Hawthorne Ave., Mel- 
rose Park, IIL 

Miller, Frank, & Sons, 2250 W. 58th St., 
Chicago 36, Il. 

ae Franklin P., & oe Inc., Meadow 

E, Orange 16, N. J. 

Milpzint Inc., 4200 'N. Holton St., Mil- 
waukee 1, Wis. 

rs Corp., Honea Path Rd., Belton, 

k Minerale & Chemicals Corporation of 
America, 5759 Essex Turnpike, Menlo 
Park, N. J. 

Minneapolis Honeywell Regulator Co., 

753 Fourth Ave., S., Minneapolis 8, 
Minn. 

Minneapolis Plastic Molders Inc., 5742 
Nicollet Ave., ST ow, 19, Minn. 

* Minnesota Mining & Mfg. Co., 900 Bush 
Ave., St. Paul 6, Minn. 

*Minnesota Mining & Mfg. Co., Irvington 
Div., Six Argyle Terrace, Irvington 11, 
N. J. 

*Minnesota Mining & Mfg. Co., Rein- 
forced Plastics Div., 1210 University 
Ave., St. Paul 4, Minn. 

Minnesota Mining & Mfg. Co., Inter- 
national Div., 900 Bush Ave., St. Paul 
6, Minn. 

Minnesota Mining & Mfg. Co., Mica In- 
sulator Co., P.O. Box 1076, Schenec- 
tady, N. Y. 

Minnesota Mining & Manufacturing Co., 
Jersey City ma Div., 75 Droy- 
ers, Jersey City, N. J. 

*Minnesota Plastics Corp., 45 E. Maryland 
Ave., St. Paul 3, Minn. 

Mira Plastics Co., Inc., 50-54 Illinois 
Ave., Paterson, N. J. 

Miracle Adhesives Corp. _ Pettit Ave., 
Bellmore, Long I N. Y. 

* Mirrolap Co. 4511 Milwaukee Ave., Chi- 


cago 30, Ill. 


Mirror Plastics oN. a. 193 William St., 


New York 
Miskella Infra-Red Co., The, E. 73rd St. 
& Grand Ave., Cleveland 4, Ohio 
Mitchell Plastics Inc., Oakdale St., 
Owosso, Mich. 
Mitchell Rand Mfg. se 51 Murray 
St., New York 7, N. Y 
Mitchell’s, L. D.. Plastic Studio, 2601 
Stayton St., Pittsburgh 12, Pa. 
Mitts & Merrill Inc., 1009 $. Water St., 
Saginaw, Mich. 
Modern Designers, 4330 E. 10th Ct., 
Hialeah, Fla. 
Modern Molders Inc., N. Eighth St., 
Kenilworth, 
Modern Fledlies, 4000 N. W. 29th St., 
Miami 42, Fla. 
Modern Plastic Co., 4641 Pacific Blvd., 
Los Angee 58, Calif. 
a ics Corp., 489 North Shore 
anual , Does Harbor, Mich. 
ern Plastic Mochicy Corp., 15 
Union St., Lodi, N 
— Tool & Bie Co., Inc., 11 Spruce 
, Leominster, Mass 
Matin Fibers. Inc., Nicolet Ave., 
Rs 3 
Mo a i Route 130, Box 
103, Burlington, N. 
Mojace Die & el 5729 S. Hoover 
St., Los Angeles 37, Calif. 
* ¥ Indicates Advertiser 


Molded Fiber Glass Co., 4401 Benefit 
Ave., Ashtabula, Ghio 

Molded Glass Body Co., 4601 Benefit 
Ave., Ashtabula, Ohio 

Molded Fiber Glass Sheet Co., 
Benefit Ave., Ashtabula, Ohio 

Mold Polishing Service, 42 Hamburg 
Turnpike, Riverdale, N. J. 

ee ee Inc., 1505 W. 41 St., Baltimore 


ll, Md. 
— Fiber Glass Tray Co., Linesville, 


Molded Industrial Plastics Inc., 131-37 
Sanford Ave., Flushing 67, N. Y. 

Molded Insulation i 335 E. Price St., 
Philadelphia 44, 

Molded Products, Py 161 Missouri St., 
Los Angeles 25, Calif. 

Molding Corp., 40 Church St., 
tucket, R. i. 

Moldmakers Inc., 323 W. Fifth St., Peru, 


4301 


Paw- 


Ind. 

Moldrite Products > 171 Eighth St., 
Providence 6, R. 

Mold-Rite Plastics o 502 N. First St., 
Cambridge, Ohio 

Molex Products Co., 9515 Southview 
Ave., Brookfield, il. 

Mol-Rez Div., American Petrochemical 
Corp., 3134 California St., N. E., Min- 
neapolis 18, Minn. 

Monaplastics Inc., Rotue 7, Georgetown, 
Conn. 

Monite Waterproof Glue Co., 1118 Mon- 
ite Bldg., Minneapolis 11, Minn. 

Monogram of California, 2500 18th St., 
San Francisco 10, Calif. 

*Mono-Sol Corp., 407 Country Line Rd., 
Gary, Ind. 

Monrovia Plastic Co., Inc., 904 S. Alta 

Vista Ave., Monrovia, Calif, 
*Monsanto Chemical Co. Plastics Div., 
Springfield 2, Mass. 

Monsanto Chemical Co., Organic Chemi- 
cals Div., Lindbergh "& Olive St. Rd., 
St. Louis 24, Mo. 

Monsanto-Kasei Chemical Co., No. 4, 2 
Chome, Marunouchi, Tokyo, Japan 
Montrose Chemical Co., 120 Lester Ave., 
Newark 5, N. J. 
Moore, Samuel, & Co., Main & Orchard 

Sts., Mantua, Ohio 

Moore Plastics, P. O. Box 6707, 330 Mel- 

rose Pl., San Antonio 9, Tex. 
*Morart Gravure Corp., Seven Bridge St., 
Holyoke, Mass. 

Morgan Plastics, 116 16th Ave., N., 

Nashville 3, Tenn. 
*Morningstar Corp., The, 156 Sixth St., 
Cambridge 42, Mass. 

Morningstar Paisley Inc., 630 W. 51st St., 
New York 19, N. Y. 

Morse Mfg, ee. Inc., 727 W. Manlius 
$t., E. Syracuse, N.Y. 

Morton Withers Chemical Co., Div. 
Charles Pfizer & Co., Inc., 2110 High 
Point Rd., Greensboro, N 

*Mosinee Pai + Wis. 
*Moslo M Soap ” 9443 Prospect 
Ave., Cleveland > vo"2 


Motson, J. Frank, Co., 1717 Bethlehem 
Pike, Flourtown, Pa. 
15 Fifth 


Mount Hope Machinery Co., 
St., Taunton, Mass. 
*Muehlstein, H., & Co., Inc., 60 E. 42nd 
St., New York 17, N. Y. 
Mueller Ernest, 125 N. Detroit St., Los 
Angeles 36 36, Calif. 
ae 33-40 Factory Rd., Addi- 
son, Til. 
a lastics Inc., 415 S. Cherry St., 
Wallingford, Conn. 
Multi-Stretched Films Inc., 30 N. LaSalle 
St., Chicago 2, Ill. 
Mundane Co., bg ae N. Y. 
Munray Products 12400 Crossburn 
Ave., Cleveland ML "Ohio 


Munson Mill Machinery Co., 210 Seward 
Ave., Utica, N. Y 


*National Automatic Tool Co., Inc. 


*National 


*National Polymer Products, Inc. 


*National Tool & Mfg. Co., 


*Negri_ Bossi 


*Newbury Industries, 


Murdoch Engineering, 718 First Ave., 
San Leandro, Calif 

Murray Corp., 11 W. Pennsylvania Ave., 
Towson 4, Md, 

Mutual Electronic Industries a 85 
Beechwood Ave., Rochelle, N. Y. 

Mutual Plastic Mold Corp. 5141 Fire- 
stone Pl., South Gate, Calif. 

Mycalex Corporation of America, 
Clifton Blvd., Clifton, N. J. 

Mystik Adhesive Products inc. oe 
Kildare Ave., Chicago 39, IIl. 


N 


*NRC Equipment Corp., 160 Charlemont 


St., Newton 61, Mass. 

Naken, William, 1107 S. Burnside Ave., 
Los Angeles 19, Calif. 

Nalle Plastics, Inc., 108-12 W. Second 
St., Austin 1, Tex. 

Name Plate Products Co., 4719 Long- 
shore St., Philadelphia 35, Pa. 

Narda Ultrasonics Corp., The, 122 Her- 
ricks Rd., Mineola, Long Island, N. Y. 

Narmco Resins & Coatings Co., 600 Vic- 
toria St., Costa Mesa, Calif. 

Nash Engineering Co., S. Norwalk, Conn. 

National Aluminate Corp., 6229 W. 66th 
Pl., Chicago 38, Ill. 

, Rich- 
mond, Ind. 

National Casein Co., 601 W. 80th, Chi- 
cago 20, Ill. 

National Lead Co., 
York 6, N. 

National Metallieing Corp., Du Pont 
Bldg,. Washington 6, D. C. 

Plastic Products Co., The, 

Odenton, Md. 

National Plastics, Inc., 2326-30 McCella 
Ave., Knoxville 1, Tenn. 


111 Broadway, New 


, 125 N. 
Fourth St., Reading, Pa 


*National Rubber Machinery Co., 47 W. 


Exchange St., Akron 8, Ohio 
National Starch Products, Inc., 750 Third 
Ave., New York 17, N. Y. 
100 N. 12th 
St., Kenilworth, N. 


J. 
*National Vulcanized Fibre Co., Box 311, 


Wilmington 99, Del. 

Natvar Corp., 211 Randolph Ave., Wood- 
bridge, N. 

Naugatuck Chemical Div., U. S. Rubber 

Co., Elm St., Naugatuck, Conn. 

& Co., Via Bazzini 24, 
Milan, Italy 

Nelson, R. A., Pattern Co., 306 E. Lin- 
coln Ave., Milwaukee yA Wis. 

ie Plastics, 3982 Broadway, Gary, 


Newark Die Co., Newark, N 


N. J. 
*Newark Die Hobbing & Casting Co., 20 


Scott St., Newark, N. J. 

New England Butt Co., 304 Pearl St., 
Providence, R. I 

Inc., 

Newbury, Ohio 

New England Die Co., Inc., 64 Floral 
St., Taunton, Mass. 

New England Engineering, 152 Chandler 
St., Worcester, Mass. 


New England Laboratories, County Rd., 
Ipswich, Mass. 


Route 87, 


*New England Laminates Co., 481 Canal 


oo Stamford, Conn. 
N. J. "Thermex Co., | ag N. J. 
New Jersey Zinc Co , The, 160 Front 
St., New York 38, N. > 
New Plastic Corp., 1026 N. Sycamore St., 
Los Angeles 38, Calif. 
Newport Plastics Corp., 19 North Ave., 
Newport, Vt. 
Newton Tool & Mfg. Co., Inc., Linden 
Ave. & Glassboro Rd., Wenonah, N. J. 
Niagara Machine & Tool Works, 637-697 
Northland Ave., Buffalo 11, N. Y. 
Niagara Plastics Co., Inc., RD #3, Edin- 
burgh Rd., Erie, Pa. 





Nicholas Chemical Co., Ltd., The, 1917 
Life Bldg., Montreal, Que., Can- 
1da 

Nichols Products Co., 325 W. Main St., 
Moorestown, N. 

Nikolas, G. J., & Co. ., 2870 Washington, 
Bellwood, Til. 

Niles Corp., 2827 Dixie Way N., South 
Bend 17, Ind 

*Nixon Nitration Works, Nixon, N. J. 
*Nopco Chemical Co., Harrison, N. J. 

Norco Plastic, Inc., 3888 N. Fratney Ss 
Milwaukee 12, Wis. 

North American Asbestos Corp., 
Jackson Blvd., Chicago 4, Il. 

North American Electric Lamp Co., 
N. 13th St., St. Louis 6, Mo. 

North American Mfg. Co., The, 
T7ist St., Cleveland, Ohio 

North East Laminates, Inc., 51 Osgood 
St., Methuen, Mass. 

Northeastern Plastics, Inc., 215 
Boston 10, Mass. 

Northern Industrial Chemical Co., 
Elkins St., S. Boston 27, Mass. 

Northern Plastics Corp., Second Market 
Sts., La Crosse, Wis. 

* Northwest Plastics, Inc., 65 E. 
St. Paul 1, Minn. 

Northwest Plastics of Carolina, 
Gastonia, N. C. 

Northwest Plastics Industries, Inc., 1220 
E. Cherry St., Seattle 22, Wash. 

Norton Co., One New Bond St., Worce- 
ster 6, Mass. 

oe Laboratories, Inc., 

A kport, 7. Be 

eon Plastics, Inc., Box #269, Erie, Pa. 

Nu-Engineering, Inc., 1515 Bonner, Fern- 
dale 20, Mich. 

New Hermes Engraving Machine Corp., 
13-19 University Pl., New York 3, N. Y. 

*Nuodex Products Co., Div. of Heyden 
Newport Chemical Corp., Elizabeth, 
N 


141 W. 
1520 
4455 E. 


A St., 


Seven 


Plato Ave., 


Inc., 


520 Mill St., 


Nureco, Inc., 1100 Pontiac Ave. 
10, R. 1. 

Nutmeg Chrome Corp., 111 Vanderbilt 
Ave., W. Hartford 10, Conn. 

Nyloncraft, Inc., 218 McKinley Highway 
W., Mishawaka, Ind. 


, Cranston 


oO 


Oak Engineering Co., Inc., 
mouth St., Gloucester City, N. J. 

Oakite Products Inc., 46D Rector St., 
New York 6, N. Y. 

Oakley Die & Mfg., So., Inc., The, 4426 
Brazee St., Cincinnati 9, Ohio 

O'Connell, D. C., Associates, 70 E. 45th 
St., New York 17, N. Y. 

Ohio Adhesives Corp., P. 
New Philadelphia, Ohio 

Ohio Boxboard Co., The, Rittman, 

Ohio Knife Co., The, B. & O. 
& Dreman Ave., Cincinnati 23, Ohio 

Oilgear Co., The, 1560 W. Pierce St., 
Milwaukee 4, Wis. 

Olin Mathieson Chemical Corp., Film 
ay 655 Madison Ave., New York 21, 


York, 
12 4-132 White St., 


110 Mon- 


O. Box 466, 


Ohio 
Railroad 


) # 
Oliver Corp., The, 142 N. Duke St., 
Pa, 
*Olsenmark Corp., 
New York 13, N. Y. 
Olympic Plastics Co., Inc., 
Cienega Blvd., 
Olsen, Tinius, Testing Machine Co., Eas- 


3471 S. La 
Los Angeles 16, Calif, 


ton Rd., Willow Grove, Pa. 

Omaha Plastic Co., 1470 S. 16th St., 
Omaha 8, Neb. 

Omco Plastic Mold, P. O. Box 60, Fre- 
mont, Ind. 

O’Neil-Irwin Mfg., Co., 300 Eighth Ave., 
Lake City, Minn. 

*Omni Products Corp., 460 Fourth Ave., 
New York 16, N. Y. 
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1206 


*Pantex Mfg. 


Opel, George von, Corp., 15 William St., 
New York 5, N. S. representative 
for cee: -Actien- Gesellschaft, nor- 
mals Alfred Noble & Co., Troisdort/ 
Kéln, W. Germany 

Oppenheimer Corp., 578 Exchange St., 
Buffalo 10, N. Y. 


*Optics Mfg. Corp. ., Amber & Willard Sts., 


Philadelphia 34, Pa. 


* Orange ae Inc., 554 Mitchell St., 


Oran ‘ 

Pris os ¥: Mig. Co., i? ., 3325 Hudson 
Ave., Union City, N. J. 

Orna Plastics Co., 8583 Venice Blvd., Los 
Angeles 34, Calif. 

Oronite Chemical Co., 200 Bush St., San 
Francisco 20, Calif. 

Osborn, C. J., Co., 1301 W. Blancke St., 
Linden, N. F 

O'Sullivan Rubber Corp., P.O. Box 603, 
Winchester, Va. 

Ott, Joseph M. P., Mfg. Co., 87 Sabin St., 
Pawtucket, R. I. 

Owens-Corning Fiberglas Corp., 598 
Madison Ave., New York, N. Y. 


* Owens-Illinois, Toledo 1, Ohio 


P 


P.M.S. Co., The, 1315 Main Ave., Cleve- 
land 13, Ohio 

P-V-A Industries, 224 E. 38th St., 
York 16, N. Y. 

Pace, F. D., Co., 69-73 Scribner Ave., 
N.W., Grand Rapids 4, Mich. 

Packaging Industries Ltd., Inc., 151 Pine 
St., Montclair, N. J. 

Packless Metal Hose, Inc., 730 S. Colum- 
bus Ave., Mount Vernon, N. Y. 

Palmer, Homer W., & Co., 515 N. Hal- 
sted St., Chicago 22, IIl. 

Pam Co., The, 1951 N.W. Wilson, Port- 
land 9, Ore. 

Pangborn Corp., Hagerstown, Md. 

Corp., Box 660S, Paw- 
tucket 8, R. I. 

Paper Converting & Finishing Co., 1101 
S. Killbourn Ave., Chicago 24, IIl. 

Paper Products Development, 453 W. 
17th St., New York 11, N. Y. 

Paragon Molding Co., 2412 Norwood St., 
Melrose Park, IIl. 

Paragon Plastic Corp., 295 Lafayette St., 
New York 12, N. Y. 

Parcloid Chemical Co., 31 Cross Ave., 
Midland Park, N. J. 

Parco Co., 191 South St., Newark 5, N. J. 

Park Plastics Co., 904 E. Elizabeth Ave., 
Linden, N. J. 

Parke, Norman, Co., Seven Springfield 
St., Chicopee, Mass. 

Parker-Hannifin Corp., 17325 Euclid 
Ave., Cleveland 12, Ohio 

Parker-Hartford Corp., The, 650 Frank- 
lin Ave., Hartford 1, Conn. 

Parker-Kalon Div., General American 
Transportation Corp., One Peskay Dr., 
Clifton, N. J. 

Parker Mfg. Co., 1466 F St., 
2, Calif. 

Parker Plastics Corp., P.O. Box 10326, 
Pittsburgh 34, Pa. 

Parkway Plastics, Inc., Stalton Rd., New 
Market, N.J. 


New 


San Diego 


*Parkwood Laminates, Inc., 24 Water St., 


Wakefield, Mass. 

Partlow Corp., 215 Campion Rd., New 
Hartford, N.Y. 

Pasadena Hydraulics, Inc., 
combe St., El Monte, Calif. 


1433 Lid- 


Pasley’s Plastic Products, Inc., 1275 E]ls- 
worth Dr., N.W., Atlanta 18, Ga. 

Patent Button Co. of Tennessee, Inc., 
Knoxville 16, Tenn. 

Paterson Parchment Paper Co., Bristol, 
Pa. 

Patterson Foundry & Machine Co., 1250 
St. George St., E. Liverpool, Ohio 

Patron Transmission Co., Inc., 129 Grand 
St., New York 13, N. Y. 

Patzig Testing Laboratories, 2215 Inger- 
soll Ave., Des Moines 12, Iowa 

Pearson Industries, 27-10 44th Drive, 
Long Island City 1, N. Y. 

Pearson-Sutton Corp., 105 Chancellor St., 
Newtown, Bucks County, Pa. 

*Peco Machinery Sales, (Westmuster) 
Ltd., 28 Victoria St., London S.W. 1, 
England 

Peerless Molded Plastics, Inc., 401 Ham- 
ilton Ave., Toledo 2, Ohio 

Peerless Plastics Co., Inc., 13520 W. 
Reichert Ave., Milwaukee 18, Wis. 

Peerless Plastics, 8490 Warner Dr., Cul- 
ver City, Calif. 

*Peerless Roll Leaf Co., Inc., 4511-23 
New York Ave., Union City, N. J. 

Pellon Corp., 350 Fifth Ave., New York 
1,N. Y. 
Pelmor Laboratories, Inc., 401 Lafayette 
St., Newtown, Bucks County, Pa. 
Pelron Corp., 7847 W. 47th St., Lyons, 
Ill. 

Penick, S. B., & Co., 50 Church St., New 
York 8, N. Y. 

Penn-Plastics Corp., Three Penn Center, 
Philadelphia 2, Pa. 

Pennsalt Chemicals Corp., Three Penn 
Center, Philadelphia 2, Pa. 

Pennsylvania Color & Chemical Co., Pine 
Run Rd., Dolyestown, Pa. 

Pennsylvania Industrial Chemical Corp., 
State St., Clairton, Pa. 

Pennsylvania Pump & Compressor Co., 
Easton, Pa. 

Pennsylvania Refining Co., 2686 Lisbon 
Rd., Cleveland 4, Ohio 

Peoria Plastic Co., 215 Taylor Ave., E. 
Peoria, Ill. 

Pereles Brothers, Inc., 5840-50 N. 60th 
St., Milwaukee 18, Wis. 

Perfecting Service Co., 332 Atando Ave., 
Charlotte 6, N. C. 

Perfex Plastics, Inc., 
St., Chicago 16, Ill. 

Perforated Specialties, 351 W.. 35th St., 
New York 1, N. Y. 

*Perforating Industries, Inc., 310 W. 

Westfield Ave., Roselle Pk., N. J. 

Perkins Glue Co., Cannon Ave., 
dale, Pa. 

Permacel, Le Page’s, Inc., U.S. Highway 
#1, New Bruswick, N. J. 

Permanent Label Corp., 49 Ackerman 
St., Bloomfield, N. J. 

Perma Seal Plastic Products Co., 366 
Wacouta St., St. Paul 1, Minn. 

*Perry Plastics, Inc., 3409 W. 14th St. 
Erie, Pa. 

Peter Partition Corp., 124 Boerum Pl. 
Brooklyn 1, N. Y. 

Peters Chemical Mfg. Co., 3623 Lake St., 
Melrose Park, Ill. 

*Peterson, A. W., & Son Die Co., Inc., 13! 

Prince St:., New York, N. Y. 
Petroleum Chemicals, Inc., 821 Gravier 
St., New Orleans 12, La. 
Petro-Tex Chemical Corp., 
2584, Houston 1, Tex. 


2632 S. Dearborn 


Lans- 


P.O. Box 





Pfizer, Chas., & Co. Inc., 630 Flushing 
Ave., Brooklyn, N. Y. 

Phelps Mfg. Co., The, Box 542, Westport, 
Conn. 

Philadelphia Quartz Co., 1146E Public 
Ledger Bldg., Philadelphia 6, Pa. 

*Phillips Petroleum Co., Bartlesville, Okla. 

Phoenix Plastics Corp., Main St., Clinton, 
Mass. 

Photobell Co., Inc., 43 Vesey St., New 
York 7, N. Y. 

Pierce & Stevens Chemical Corp., 710 
Ohio St., Buffalo 3, N. Y. 

*Pierce Wrapping Machine Co., 1100 E. 
31st St., LaGrange Pk., Iil. 

*Pigment Dispersions, Inc., Roselle, N. J. 

Pike’s Peak Plastics, Inc., 109 S. Conejos 
St., Colorado Springs, Colo. 

Pine-Wood Plastic Co., Inc., 245 Sixth 
St., Cambridge, Mass. 

Pioneer Plastics, Box 38, Far 
Branch, Dayton 19, Ohio 

Pioneer Plastics Corp., 28 Goodhue St., 
Salem, Mass. 

Pioneer Scientific Corp., 161 Great Neck 
Rd., Great Neck, N. Y. 

Pioneer Valley Plastics Co., Four Spring- 
field St., Chicopee, Mass. 

Pitman Plastic Products, Inc., 55 Com- 
mercial Ave., Pitman, N. J. 

Pitt-Consol Chemical Co., 191 Doremus 
Ave., Newark 5, N. J. 

*Pittsburgh Coke & Chemical Co., 2000 

Grant Bldg., Pittsburgh 19, Pa. 

Pittsburgh Plastics Corp., a subsidiary of 
American Can Co., P.O. Box 28, New 
Castle, Pa. 

*Pittsburgh Plate Glass Co., One Gateway 
Center, Pittsburgh 22, Pa. 

*Pittsburgh Plate Glass Co., Selectron 
Div., One Gateway Center, Pittsburgh 
22, Pa. 

*Pittsburgh Plate Glass Co., Fiber Glass 
Div., One Gateway Center, Pittsburgh 
22, Pa. 

*Planet Plating Co., Inc., 494 Morgan 
Ave., Brooklyn 22, N. Y. 

Plano Molding Co., 113 S. Center Ave., 
Plano, Ill. 

Plaskolite, Inc., 222 Neilston St., Colum- 
bus 15, Ohio 

Plast-Ad Mfg. Co., 222 N. Michigan St., 
South Bend 1, Ind. 

Plas-Steel Products, Inc., Walkerton, Ind. 
Plas-Tech Equipment Corp., 751 Main 
St., P.O. Box 4, Waltham 54, Mass. 
Plastene Corp., 712 Chrysler Bldg., New 

York, N. Y. 
Plasticrafts, Inc., 2800 N. Speer Blvd., 
Denver 11, Colo. 

*Plastex Co., The, 3232 Cleveland Ave., 

Columbus 24, Ohio 

Plastex Process Co., 230 W. Passaic St., 
Maywood, N. J. 

Plastic Academy Products Corp., 345 
Central, Leominster, Mass. 

Plastic Age Co., 14300 Davenport Rd., 
Saugus, Calif. 

Plastic Art Metallizing Corp., 68-70 Free- 
man St., Brooklyn 22, N. Y. 

Plastic Artisans, Inc., Dock St. & Martin 
Pl., Port Chester, N. Y. 

Plastic Center, 127 N. Water St., Roch- 
ester 4, N. Y. 

*Plastics Color Co., 22 Commerce St., 
Chatham, N. J. 

Plastic Creators, Inc., 16 Industrial Ave., 
Little Ferry, N. J. 


* Indicates Advertiser 


Hills 


Plastic Decorating Corp., 68-70 Freeman 
St., Brooklyn 22, N. Y. 
Plastic Embedments Co., Inc., 50 Eddy 
St., Attleboro, Mass. 
Plastic Engineering Co., Dunnell Lane, 
Pawtucket, R. 1. 
Plastic Engineering Co. of Tulsa, 3128 E. 
Admiral Pl., Tulsa 10, Okla. 
Plastic Enterprises, 124-14 22nd Ave., 
College Point 56, N. Y. 
Plastic Extruded Products Co., 308 Port 
Ave., Elizabeth 1, N. J. 
Plastic Fabricants, Div. of Woodman Co., 
647 E. College Ave., Decatur, Ga. 
Plastic Fabricating Co., Inc., 722 E. 
Ninth St., Wichita 5, Kan. 
Plastic Fabricators, Inc., 15 S. Fourth St., 
Fernwood, Pa. 
Plastic Glass Corp., 106 Rutherford St., 
Newark 5, N. Y. 
*Plastic Horizons, Inc., 1 Erie St., Pater- 
son 1, N. J. 
*Plastic Industries, Inc., By-Pass Highway 
#11, Athens, Tenn. 
Plastic Inlays, Inc., 282 Broad St., Sum- 
mit, N. J. 
Plastic Laminating Co., Wallingford Rd. 
s. of Balto. Pine, Swarthmore, Pa. 
Plastic Masters, Inc., New Buffalo, Mich. 
Plastic Model Engineering Co., 14530 
Arminta St., Van Nuys, Calif. 
Plastic Mold & Die Co., 308 South Third 
St., Darby, Pa. 
Plastic Mold & Tool Co., 7347 State Rd., 
Philadelphia 35, Pa. 
Plastic Mold Tool & Die Co., One Maple 
St., E. Rutherford, N. J. 
Plastic Molded Products Co., 6044 N. 
Pulaski St., Chicago 30, Ill. 
*Plastic Molders Supply Co., Inc., 74 
South Ave., Fanwood, N. J. 
Plastic Moldings Corp., 859 Hathaway 
St., Cincinnatti 3, Ohio 
Plastic Parts Corp., 2425 Ryan Rd., Mau- 
mee, Ohio. 
Plastic Precision Parts Co., 
Grand Ave., Chicago 39, IIl. 
Plastic Process Co., 11200 Hindry Ave., 
Los Angeles 45, Calif. 
Plastic Processing Co., 2210 S. 
Highway, Flint 1, Mich. 
Plastic Products Corp., 24001 Aurora 
Rd., Bedford Heights, Ohio 
*Plastic Research Products, 200 Beech St., 
Urbana, Ohio 
Plastic Rotocast Co., 703 S. La Salle St., 
Chicago 5, Ill. 
Plastic Scrap Materials, P.O. Box 31, E. 
Rochester, N. Y. 
Plastic Service Corp., 225 Fifth Ave., 
New York, N. Y. 
Plastic Service Corp., 515 Boston St., 
LaPorte, Ind. 


4912 W. 


Dort 


*Plastic Stamping & Molding Corp., 2232 


W. Armitage Ave., Chicago 47, IIl. 
Plastic Suppliers & Manufacturers, 1635 
Scenic Highway, Baton Rouge, La. 
Plastic Tooling Aids Laboratory, 475 
Madison Ave., Bridgeport 4, Conn. 
Plastic Toys Corp., Main St., Byesville, 
Ohio 

Plastic Welding Corp., 780 Frelinghuysen 
Ave., Newark 12, N. J. 

Plasticles Corp., 14590 Schaefer Rd., De- 
troit 27, Mich. 

Plasticraft Mfg. Co., 287 Laurel Ave., 
Kearny, N. J. 

Plasticrafters, Inc., 1829 S. 55th Ave., 
Chicago 50, Il. 


Plastics, Inc., 224 Ryan Ave., St. Paul 2, 
Minn. 

Plastics, Inc., 304 W. Walnut, Pasadena, 
Calif. 

Plastics By Chapman, 1427 Oregon St., 
Berkeley 2, Calif. 

Plastics By Hoover, 203 — 19th St., Hunt- 
ington 3, W. Va. 

Plastics Center of Texas, 317 Nogalitos 
St., San Antonio 4, Tex. 


*Plastics Color Co., 22 Commerce St., 


Chatham, N. J. 
*Plastics Engineering Co., 
Ave., Sheboygan, Wis. 
Plastics Materials Corp., S. Windham, 
Maine 

Plastics Molding Co., Inc., 4211 N. 
Broadway St., St. Louis 7, Mo. 

Plastics-Tool Eng. Co., 70 Bridge St., 
Hackensack, N. J. 

Plasti-Foam Corp., 77 River St., Hobo- 
ken, N. J. 

Plastiline, Inc., Two Intervale St., White 
Plains, N. Y. 

_Plasti-Line, Inc., Dutch Valley at Broad- 
way, Knoxville 18, Tenn. 

Plastimayd Products Corp., 931 S.E. Sixth 
Ave., Portland 14, Ore. 

Plastimold Corp., 61 Union St., Attleboro, 
Mass. 

Plastiplate Co., Inc., 7-9 Holmes Ave., 
South River, N. J. 

Plasti-Skill Co., 102-06 37th Ave., Corona 
68, N. Y. 

Plastofilm, Inc., 916 W. 
Wheaton, IIl. 

Plast-o-matic Corp., 39 Spruce St., Leom- 
inster, Mass. 

Plast-o-Pak Corp., 37 Spruce St., Leom- 
inster, Mass. 

Plastron Specialties, Inc., 786 Ceres Ave., 
Los Angeles 21, Calif. 

Plastronic Engineering Co., 721 Boston 
Post Rd., Marlborough, Mass. 

Platecraft, Inc., 1106 N. Detroit St., Los 
Angeles 46, Calif. 


1607 Geele 


Union Ave., 


*Plating Engineering Co., 1928 S. 62nd 


St., Milwaukee 19, Wis. 

Plax Corp., P.O. Box 1019, Hartford 1, 
Conn. 

Plaxall, Inc., 5-26 46th Ave., Long Island 
City 1, N. Y. 

Plectron Corp., Overton, Neb. 

Plicose Mfg. Corp., 71-77 Box St., Brook- 
lyn 22, N. Y. 

Pluess-Staufer (North American) 82 Bea- 
ver St., New York 5, N. Y. 

*Plumb Chemical Corp., 4837 James St., 

Philadelphia 37, Pa. 

Plungermatic Corp., 48 Dickenson St., 
Woodstown, N. J. 

Plura Plastics, 17-21 


Newark Way, 
Maplewood, N. J. 


*Plymouth Fibres, 195 Plymouth St., 


Brooklyn 1, N. Y. 

Plymouth Industrial Products, Inc., 502 
Indiana St., Sheboygan, Wis. 

Poinsettia Co., Inc., 112 Cedar Ave., Pit- 
man 7, N. J. 

Polly Plastics, Inc., 2189 W. 26th St., 
Cleveland 13, Ohio 

Polo Plastics Co., Milwaukee 12, Wis. 

Polybond Corp., 944 Poydras St., New 
Orleans 12, La. 

Polycast Corp., The, 69 Southfield Ave., 
Stamford, Conn. 


Poly-Cell Plastics Co., Smithtown, N. Y. 


*Polygon Plastic Co., E. Roosevelt St., 


Walkerton, Ind. 
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*Polymer, Corp., The, (Polypenco, Inc.), 
2120 Fairmont Ave., Reading, Pa. 
Polymer Chemical Co., 5920 Carthage 
Ave., Cincinnati 12, Ohio 
Polymer Industries, Inc., 

Conn. 
Polymer Processes, Inc., 
St., Reading, Pa. 
Polymold Plastics, Inc., 3417 N. Western 
Ave., Chicago 18, IIl. 
*Polyplastex United, Inc., 870 Springfield 
Rd., Union, N. J. 
Polyplastic Products, Inc., 2 Fourth Ave., 
Paterson 4, N. J. 
Polyply Co., 4620 Santa Fe St., San Diego 
9, Calif. 
Poly Resins, 11661 Wicks St., Sun Valley, 
Calif. 
Polyrez Co., S. Columbia St. & Railroad, 
Woodbury, N. J. 
Polytex Corp., 30 E. 29th St. 
16, N. Y. 
Portage Plastics Co., 
St., Portage, Wis. 
Porter-Cable Machine Co., 700 Marcellus 
St., Syracuse 4, N. Y. 
*Port Erie Plastics, Inc., 561 E. 18th St., 
Erie, Pa. 
Portland Co., 
Maine 
Portz Plastics & Fibre Co., 411 N. Third 
St., Milwaukee 3, Wis. 

Poser, J., & Co., 251 W. 30th St., 
York 1, N. Y. 

Post Electric Co., 
Andover, N. J. 

Powell, Jim, 6351 Wilshire Blvd., Los 
Angeles 48, Calif. 

*Powers Regulator Co., The, 3400 Oakton 
St., Skokie 34, Ill. 
*Powhatan Mining Co., 6721 Windsor 

Mill Rd., Baltimore 7, Md. 

Pratt & Whitney Co., Inc., Charter Oak 
Blvd., W. Hartford 1, Conn. 

Preble, Harry, Schoolhouse Rd., Cross 
River, N. Y. 

Precise Instrument Parts Corp., 4520 San 
Fernando Rd., Glendale 4, Calif. 

Precision Mold & Polishing Co., P.O. Box 
326, Roanoke, Va. 

Precision Molded Plastics, 2014 W. 53rd 
St., Cleveland 2, Ohio 

Precision Plastic Products, Inc., 225 N. 
Racine Ave., Chicago 7, Ill. 

Precision Plastics Co., 4655 Stenton Ave., 
Philadelphia 44, Pa. 

Precision Products Co., 252 E. 16th St., 
Paterson, N. J. 

Preis, H. P., Engraving Machine Co., 651 
U.S. Highway 22, Hillside 5, N. J. 
Premier Plastics Corp., 204 W. Washing- 

ton St., Milwaukee 4, Wis. 
Premier Thermo Plastics Co., Jefferson- 
town, Ky. 
Premier Vacuum Process Corp., 58-87 
55th St., Maspeth 78, N. Y. 
Presco Plastics, 121 N. Broadway St., 
Milwaukee 1, Wis. 
Preservation Packaging, Inc., 1407 Chest- 
nut Ave., Hillside, N. J: 
*Presque Isle Plastics, Inc., 
St., Erie, Pa. 
Pribble Plastics Products, Inc., 554 Eben 
St., New Haven, Ind. 
Price Bros. Plastic Corp., 38 Austin St., 
Worcester 8, Mass. 
Price-Driscoll Corp., 350-A Sunrise High- 
way, Rockville Centre, N. Y. 
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Primas Moldmakers, Inc., 240 Sheridan 
Ave., Buffalo 11, N. Y. 

Printloid Plastics, Inc., 93 Mercer St., 
New York 12, N. Y. 

Printon Corp., 304 E. 23rd St., New York, 
N. Y. 

Process Gear Co., 4116 Fullerton Ave., 
Chicago 39, Ill. 

Process Mold Co., 19665 Schoenherr St., 
Detroit 5, Mich. 

Proctor & Schwartz, Inc., Seventh St. & 
Tabor Rd., Philadelphia 20, Pa. 

Procunier Safety Chuck Co., Chicago 6,. 
Tl 


*Prodex Co., Fords, N. Jj. 
Product Engineering & Development Co.. 
Nine N. Tyler Ave., Hopkins, Minn. 
Production Aid, Inc., Middletown, Ky. 
Production Metal Products, Inc., 421 N. 
Sangamon St., Chicago 22, Ill. 
*Progressive Machine - Inc., 198 E. 
25th St., Paterson 4, N. J. 
Progressive Molded ed Products Corp., 1100 
S. Morgan St., Bluffton, Ind. 
Progressive Plastics Mfg. Co., 175 E. 153 
St., New York 51, N. Y. 
Progressive Tool & Die Co., 25 Foster 
St., Worcester 8, Mass. 
Protective Lining Corp., 22 Woodhull St., 
Brooklyn 31, N. Y. 
Protective Treatments, Inc., 420 Dellrose 
Ave., Dayton 3, Ohio 
Pulva Corp., 550 High St., Perth Amboy, 
N. J. 

*Pulverizing Machinery Div., Metals Dis- 
integrating Co., Inc., 30 Chatham Rd., 
Summit, N. J. 

Puritan Mfg. Co., 130 Lee St. 
Haven 16, Conn. 
Pyramid Industrial Finishing Co., 431-3 
Southern Blvd., New York 55, N. Y. 
Pyramid Plastics, Inc., 554 W. Polk St., 
Chicago 7, Ill. 

Pyramid Screen Corp., 181 Harvard St., 
Brookline 46, Mass, 

Pyro Plastics Corp., 690 Chestnut St., 
Union, N. J. 

Pyrometer Instruments Co., Inc., 92 Port- 
land Ave., Bergenfield 9, N. J. 

Pyrotex Co., 287 Whitney St., Leomins- 
ter, Mass. 

Pyroxylin Products, Inc., 4851 S. St. 
Louis Ave., Chicago 32, IIl. 


Q 


Quaker Oats Co., The, Merchandise Mart 
Pl., Chicago 54, Ill. 

Queen Products, inc. 215 Georgia Ave., 
Providence 5, R. 

ae, 1680 ‘Cooper St., Jackson, 
Mich. 

Quincy Compressor Co., 217 Maine St., 
Quincy, Ill. 

*Quinn-Berry Corp., 2609 W. 12th St., 

Erie, Pa. 


, West 


R 


R. C. Molding, Inc., 112 S. Sixth St., New 
Hyde Park, Long Island, N. Y. 

R. E, C. Mfg. Corp., 1250 Highland St., 
Holliston, Mass. 

R & K Tool & Die Co., 3891 W. 150th 
St., Cleveland 11, Ohio 

Radial Cutter Mfg. Corp., 831 Bond St., 
Elizabeth 4, N. J. 

Radiant Heat Enterprises, Inc., 630 
Morris & Essex Turnpike, Short Hills, 
N. J. 


Radiation Applications, Inc., 342 Madison 
Ave., New York 17, N, Y. 
Corporation of America, Front & 
Cooper Sts., Camden 2, N. J 
*Radio Receptor Co., Inc., a W. 19th 
St., New York 11, N. Y. 

Raffi and Swanson, Inc., 100 Eames St, 
Wilmington, Mass. 

Rainbow Plastic Products, Inc., 6()|2 
Wayzata Blvd., Minneapolis 16, Minn. 

Rainco Mfg. Inc., P. O. Box 788, Frank- 
lin, Pa. 

Rainier Plywood Co., 2142 East D St., 
Tacoma 2, Wash. 

*Rainville Co., Inc., The, 224 Seventh St., 
Garden City, N. Y. 

Ralston, W., & Co., 240 North Ave., New 
Rochelle, N. Y. 

Ram Chemicals, Inc., 210 E. Olive St., 
Gardena, Calif. 

Rand Rubber Co., 397 Summer Ave., 
Brooklyn 16, N. Y. 

Randazzo Plastic Co., 1536 W. Slauson 
Ave., Los Angeles 47, Calif. 
*Randolph Products Co., 12th St., 

stadt, N. J. 

Rapids Machinery Co., Inc., 889 11th St., 
Marion, Iowa 

Raritan Plastics Corp., One Erie St., 
Paterson, N. J. 

Raven Industries Inc., Sioux Falls, S. D. 

Ray Products Co., Inc., 703 S. Palm Ave., 
Alhambra, Calif. 

*Raybestos-Manhattan, Inc., Reinforced 
Plastics Dept., Manheim, Pa. 

Raybond Electronics, Inc., 66 Needham 
St., Newton Highlands 61, Mass. 

Rayette, Inc., 261 E. Fifth St., St. Pau! |, 
Minn. 

Rayll Plastics Co., 584 Broadway, Brook- 
lyn 6, N. Y. 

*Rayon Processing Co., The, 1 Moshas- 
suck St., Pawtucket, R. I. 

*Read Standard, Div. of Capitol Products 
Corp., Richland Ave., York, Pa. 

*Recto Molded Products, inc., 
Appleton St., Cincinnati 9, Ohio 

*Reed Plastics Corp., 116 Gold St. 
Worcester, Mass. 

*Reed-Prentice Div., Package Machinery 
Co., E. Longmeadow, Mass. 

Reeve Electronics, Inc., 609 W. Lake St., 
Chicago 6, Ill. 

Reeves Brothers, Inc., 1071 Avenue of 
the Americas, New York 18, N. Y 
Reflin Co., 5660 Kearney Villa Rd., S 

Diego 11, Calif. 

Regal Plastic Co., 2800 E. 14th St., Kar 
sas City 27, Mo. 

*Reichhold Chemicals, Inc., 525 N. Broa:- 
way, White Plains, N. Y. 

*Reifenhauser Plastics Machinery Co., 
Represented in the U.S. by H. H. 
Heinrich Co., 111 8th Ave., New York 
11, N. Y. 

Reinhardt, J. A., & Co., Box 29, Moun 
tainhome, Pa. 

Reinhardt Plastics Co., 1611-15 Platte St., 
Denver 2, Colo. 

Reinhold Engineering & Plastics (o., 
Inc., Subsidiary of Haveg Industries, 
Norwalk, Calif. 

Reinhold-Geiger Plastics, Inc., 8765 
Crocker St., Los Angeles 3, Calif. 
Reiss Associates, Reiss Ave., Lowe'l! 

Mass. 
*Reliable Rubber & Plastic Machine ry 
Co., Inc., 2008-14 Union Turnpike, 
Bergen, N. 2 


Carl- 
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*Reliance Electric & Engineering Co., 
24701 Euclid Ave., Cleveland 17, Ohio 
*Reliance Pattern Works, 4350-56 N. Chi- 
cago Ave., Chicago 51, Ill. 
Reliance Plastic & Chemical Corp., 110 
Kearney St., Paterson 26, N. J. 
Remler Co., 2101 Bryant St., San Fran- 
cisco, Calif. 
Ren Plastics Inc., 5422 S. Cedar St., 
Lansing 9, Mich. 
Republic Molding Corp., 6465 N. Avan- 
dale Ave., Chicago 31, Ill. 
Research Sales, Vergy 202 & N. 
Ramapo Ave., M oe 
Resincraft Plastics, Inc., 42 &. Cermak 
Rd., Chicago 49, IIL. 
Resin Research Laboratories, 406 Adams 
St., Newark 5, N. J. 
*Resinoid Engineering Corp., 3445 How- 
ard St., Skokie, Il. 
Resistoflex Corp., Woodland Rd., Rose- 
land, N. J. 
Rex Corp., The, Hayward Rd., W. Acton, 
Mass. 
Rexton Finishes Inc., 62 Woolsey St., Irv- 
ington, N. J. 
*Reynolds Chemical Products Co., 1200 
N. Main St., Ann Arbor, Mich. 
Reynolds Metals Co., Plastics Div., Bou- 
levard Ave., Grottoes, Va. 
Reynolds Plastics, Inc., 3351 Oakley Park 
Rd., Walled Lake, Mich. 
Rezolin, Inc., 1651 — 18th St., Santa 
Monica, Calif. 
Rhinelander Paper Co., 515 W. Daven- 
port St., Rhinelander, Wis. 
Rhode Island Laboratories, Inc., 100 Pu- 
laski St., W. Warwick, R. I. 
Rhodes, Philip H., & Associates, 2861 
Sidney Ave., Cincinnati, 23, Ohio 
Rhodia, Inc., 60 E. 56th St., New York 
22, N.Y. 
Rich Plastic Products, 45-57 High St., 
Meriden, Conn. 
Richard Alan Button Co., Oscar Dr., Roo- 
sevelt, N. J. 
Richards, J. A., Co., 903 N. Pitcher St., 
Kalamazoo, Mich. 
*Richardson Co., The, 2747 Lake St., Mel- 
rose Park, Ii. 
Richardson Scale Co., 668 Van Houten 
Ave., Clifton, N. J. 
Rich-Tex, Inc., 50 Commerce Rd., Cedar 
Grove, N. J. 
Rider Engineering & Plastic Co., 2175 S. 
Second West, Salt Lake City 15, Utah 
Ridge Printing Co., Inc., 535 Oritan St., 
Ridgefield, N. J. 
*Riegel Paper Corp., 260 Madison Ave., 
New York 16, N. Y. 
*Ringler-Dorin, Ine., 315 Fifth Ave., New 
York 16, N. Y. 
Rippolite Piastic Products, Inc., 3910 Co- 
hasset St., Burbank, Calif. 
*Riverdale Color Co., Inc., Five Oliver St., 
Newark 2, N. J. 
Riverdale Plastics & Chemical Corp., 
8510 Warner Dr., Culver City, Calif. 
River Raisin Paper Co., 1109 E. Elm 
Ave., Monroe, Mich. 
Riverside Plastics Corp., 220 Miller Rd., 
Hicksville, N. Y. 
Robbins, Jim, Co., Stephenson Highway 
at 14 Mill Rd., Royal Oak, Mich. 
*Robbins Plastic Machinery Corp., 1430 
Mishawaka St., Elkhart, Ind. 


Robinson Air-Activated Conveyor Sys- 
tems, Div. of Morse Boulger Destruc- 
tor Co., 80 Fifth Ave., N. Y., N. Y. 

Robinson Foams, Ltd., 183 George St., 
Toronto 2, Ont., Canada 

Robinson, Lewis & Rubin, 132 Lafayette 
St., New York 13, N. Y. 

Robinson Moulded Products, Ltd., 183 
George St., Toronto 2, Ont., Canada 
Robinson Plastics Corp., 132 Lafayette 

St., New York 13, N. Y. 

Rochelle Plastic Mold Co., Inc., 35 Se- 
bago St., Clifton, N. J. 

Rockford Molded Products, Inc., 2230 
Kishwaukee St., Rockford, Ill. 

Rockwell, W. S., Co., Eliot St., Fairfield, 
Conn. 


*Roehlen Engraving Works, Ifc., 324 St. 


Paul St., Rochester 5, N. Y. 


*Rogan Brothers, 8031 N. Monticello St., 


Skokie, Il 

Rogers Corp., Rogers, Conn. 

Roger Mfg. Co., 5200 E. 12th St., Oak- 
land 1, Calif. 

Rogers, V. F., 4320 Fox St., Denver 16, 
Colo. 

Rogers, William R., Inc., 70 Park St., 
Beverly, Mass, 

Roger’s Product Design, 90 Middle St., 
Leominster, Mass. 


*Rohm & Haas Co., Washington Sq., 


Philadelphia 5, Pa. 

Rollway Bearing Co., Inc., 541 Seymour 
St., Syracuse 4, N. Y. 

Roltex Process Corp., 161 E. llth Ave., 
Roselle, N. J. 

Romaco Plastics, Inc., Box 43, Iroquois 
Station, Louisville 14, Ky. 

Romar Plastics, Inc., 1311 E. Main St., 
St. Charles, IIl. 

Rome Plastic Specialties, Inc., 11 Harri- 
son St., Worcester 4, Mass. 


*Rona Laboratories, Inc., E. 2lst and E. 


22nd Sts., Bayonne 19, N. J. 

Rondale Co., Inc., The, 161 E. 11th Ave., 
Roselle, N. J. 

Rosbro Plastics Corp., 999 Main St., Paw- 
tucket, R. I. 

Rosenthal, Alfred A., Three Park Row, 
New York 38, N. Y. 

Ross, Charles & Son Co., 148-156 Clas- 
son Ave., Brooklyn 5, N. Y. 

Ross, Milton Metals Co., The, Davisville 
Rd., Southampton, Pa. 

Ross & Roberts, Inc., 1299 W. Broad St., 
Stratford, Conn. 

Rostone Corp., R. D. #52 S, Lafayette, 
Ind. 

Rothenstein, Guy G., 99-05 63rd Dr., 
Forest Hills 74, N. Y. 

Rotherm Engineering Co., Inc., 7280 W. 
Devon Ave., Chicago 31, IIl. 


*Rotuba Extruders, Inc., 437-88th St., 


Brooklyn 9, N. Y. 

Rowland Products, Inc., Fairview PI., 
Kensington, Conn. 

Royal Mfg. Co., Inc., 200 N. Granite St., 
Prescott, Ariz. 

Royal Master, Inc. Route #23, River- 
dale, N. J. 

Royle, John, & Sons, 10 Essex St., Pater- 
son 3, N. J 

Roysons, Inc., 51 Commerce Rd., Cedar 
Grove, N. J. 

Rubba, Inc., 1015 E. 173rd St., New York 
60, N. Y. 


Rubber & Plastic Machinery Co., Inc., 
200 Griffin St., Fall River, Mass. 

Rudd Plastic Fabrics Corp., 620 — 62nd 
St., Brooklyn 20, N. Y. 

Ruf Machine Co., Inc., 416 E. 93rd St., 
New York 28, N. Y. 

Russell Reinforced Plastics, 521 W. Hoff- 
man Ave., Lindenhurst, N. Y. 

Rutherford Machinery Co., Div. Sun 
Chemical Corp., 401 Central Ave., E. 
Rutherford, N. J. 

Ryerson, Joseph T., & Son, Inc., 16th & 
Rockwell Sts., Chicago 8, Ill. 


Ss 


S.C.A.E., Baccio da Montelupo (Case- 
llina), Firenze, Italy 

SKW Mfg. Co., 4630-38 N. Lamon St., 
Chicago 30, Il. 

S.M.C. Special Machine Corp., 149 
Grand St., New York 13, N. Y. 

St. Clair Plastics Corp., 1295 S. Parker 
St., Marine City, Mich. 

St. Louis Plastic Moulding Co., 4605 
Olive St., St. Louis 8, Mo. 

*Safety Industries, Inc., Entolater Div., 
P.O. Box 904, New Haven, Conn. 

Sajar Plastics, Inc., Gooding Ct., Middle- 
field, Ohio 

Sandee Mfg. Co., 5050 W. Foster Ave., 
Chicago 30, Iil. 

Sander, Monroe, Corp., The, 10-18 46th 
Ave., Long island City 1, N. Y. 

*Sandman, Eli, Co., 280 Greenwood St., 
Worcester, Mass. 
Sandstrom, J. G., Grinding Wheel Co., 
922 St. James Ave., Springfield 4, 
Mass. 
Sanitized Sales Co. of America, Inc., 181 
Madison Ave., New York 16, N. Y. 
*Santay Corp., 351 N. Pulaski Rd., Chi- 
cago 24, Ill. 

*Sarco Co., Inc., 635 Madison Ave., New 
York 22, N. Y. 
Sarcol Foundry & Pattern Corp., 3050 
W. Taylor St., Chicago 12, Ill. 

Schaake, A. J., Co., 486 Selby Ave., St. 
Paul 2, Minn. 

Scheele, Edwin H., Industrial Design, 53- 
30 Skillman Ave., Woodside 77, N. Y. 

Schenectady Varnish Co., Congress & 
Ninth Sts., Schenectady 1, N. Y. 

Schnur-Appel, 2165 Morris Ave., Union, 
N. J. 

Schori Process Div., 8-11 43rd Rd., Long 
Island City 1, N. Y. 

Schramm Fiberglass Fiber Products, Inc., 
3010 Montrose Ave., Chicago 18, Ill. 

Schreiter, F. R., Inc., 179 Brook St., Clin- 
ton, Mass. 

*Schulman, A., Inc., 790 E. Tallmadge 
Ave., Akron 9, Ohio 

Schulz, Richard O., Co., 2425 N. 75th 
Ave., Elmwood Park 35, III. 

*Schwab Plastics Corp., 730 S. Dix Ave., 
Detroit 17, Mich. 

*Schwartz Chemical Co., 50th Ave. & 2nd 
St., Long Island City, N. Y. 

Schwartzfarber & Co., G.m.b.H., 42 
Geisseestrasse, Nurnberg US, Germany 

Scientific Abrasives, 1914 First St., High- 
land Park, Il. 


*Scott Testers, Inc., 103 Blackstone St., 
Providence 1, R. I. 


*Robertson, H. H., Co., 2400 Farmers 
Bank Bldg., Pittsburgh 22, Pa. 


*® Indicates Advertiser 


*Rubber & Asbestos Corp., 243 Belleville 
Ave., Bloomfield, N. J. 

*Rubber Corporation of America, New 
South Road, Hicksville 7, N. Y. 


*Scranton Plastic Laminating Corp., 3218 
Pittston Ave., Scranton 5, Pa. 
Screen-O-Printer Mfg. Co., 247 Columbia 
St., Adams, Mass. 








Seal Cast Co., Inc., 2637 E. Hagert St., 
Philadelphia 25, Pa. 
Sealine Mfg. Corp., 4716 W. Lake St., 
Chicago 44, Il. 

*Sealomatic Electronics Corp., 2019 E. 
Seventh St., Los Angeles 21, Calif. 
Seal-Peel, Inc., 775 Stephenson Highway, 

Royal Oak 3, Mich. 
Sealy Plastics Corp., One Ellington Ave., 
Rockville, Conn. 
Seamco Chemical Co., Three Hanover 
St., Holyoke, Mass. 
Seder Plastic Corp., 300 N. College Ave., 
Ft. Collins, Colo. 
*Seelye Craftsmen, 984 Central 
Minneapolis 13, Minn. 
*Seiberling Rubber Co., Newcomerstown, 
Ohio 
*Service Plastics, Inc., 
Ave., Chicago 30, Il. 
*Servospeed, 4 Godwin 
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Servwell Products Co., 6541 Euclid Ave., 
Cleveland 3, Ohio 
Shamban, W. S., Co., 11617 W. Jefferson 
Blvd., Culver City, Calif. 
Shannon, Alexander J., Co., The, 150 
Broadway, New York 38, N. Y. 
Sharpe Plastics, Inc., Union Ave., S. Sud- 
bury, Mass. 
Shasta Mfg. Co., 276 Snyder Ave., Berke- 
ley Heights, N. J 
Shasta Mfg., Inc., 422 S. Broadway, Ak- 
ron 8, Ohio 
*Shaw, Francis, & Co., Ltd., Corbett St., 
Ashton New Rd., Manchester 11, Eng- 
land 
Shaw Industries, Inc., RD #2, Franklin, 
Pa. 
Shaw Insulator Co., 160 Coit St., Irving- 
ton, N. J. 
Shaw-Randall Co., Inc., Pawtucket, R. I. 
Shawinigan Resins Corp., 644 Monsanto 
Ave., Springfield 1, Mass. 
*Sheffield Plastics, Inc., Sheffield, Mass. 
*Shell Chemical Corp., 380 Madison Ave., 
New York 17, N. Y. 
Shell Oil Co., 50 W. 50th St., New York 
20, N. Y. 
Sheller Mfg. Corp., S. Bridge St., Port- 
land, Ind. 
Shepherd Son, J. H., & Co., 1820 East 
Ave., Elyria, Ohio 
Sherman, Alan E., & Associates, 8015 
Forsyth Blvd., Clayton 5, Mo. 
Sherman Industrial Electronics Co., 505 
Washington Ave., Belleville, N. J. 
Sherman Rubber Machinery Co., Div. of 
Botwinik Brothers of Mass., Inc., 2 
Sherman St., Worcester 1, Mass. 
Sherwin-Williams Co., The, 260 Madison 
son Ave., New York 16, N. Y. 
Shoe Form Co., Inc., Aurelius Ave., Au- 
burn, N. Y. 
Shriver, T., & Co., Harrison, N. J. 
Shuman, Philip, & Sons, 15-33 Goethe 
St., Buffalo 6, N. Y. 

Siebert, Rudolph R., Co,. 183 St. Paul 
St., Rochester 4, N. Y. 
Sieburg Industries, Inc., 
Rd., New Britain, Conn. 
*Sierra Electric Corp., 15100 S. Figueroa 
St., Gardena, Calif. 
Sierracin Corp., The, 
Burbank, Calif. 
Sigma Chemicals, Inc., 865 S. 10th St., 

Richmond, Calif. 
Silicone Insulation, Inc., 
Ave., Bronx 61, N. Y. 
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*Sillcocks-Miller Co., The, 10 W. Parker 


Ave., Maplewood, N. J. 
Simonds Saw & Steel Co., 470 Main St., 
Fitchburg, Mass. 


*Simplomatic Mfg. Co., 4416 W. Chicago 


Ave., Chicago 51, IIl. 


*Sinclair-Collins Valve Co., 454 Morgan 


Ave., Akron, Ohio 

Singer, Lawrence H., 16 W. 46th St., 
New York 36, N. Y. 

Singleton & Mack, Inc., Nine Overwood 
Rd., Akron, Ohio 

Sinko Mfg. & Tool Co., 7310 W. Wilson 
St., Chicago 31, Ill. 

Sirotta, Bernard, Co., 610 Smith St., 
Brooklyn 31, N. Y. 

Size Control Co., Div. of American Gage 
& Machine Co., 2500 W. Washington 
Blvd., Chicago 12, Ill. 

Skeist & Schwarz Laboratories, Inc., 89 
Lincoln Pk., Newark 2, N. J. 

Skyline Industries, Titusville, Pa. 

Slomans Laboratories, Inc., 31-27 Thom- 
son Ave., Long Island City, N. Y. 

Smith Chemical & Color Co., Inc., 55 
John St., Brooklyn 1, N. Y. 

Smooth-On Mfg. Co., 572 Communipaw 
Ave., Jersey City 4, N. J. 


*Sobenite, Inc., 1026 W. King St., South 


Bend 24, Ind. 
Societe de L’Electronique Francaise, 68 
Boulevard Voltaire, Asnieres, France 
Soiltest, Inc., 4711 W. North Ave., Chi- 
cago 39, Il. 

Solar Plastic Product Co., 1635 E. 16th 
St., Brooklyn 29, N. Y. 

Solid-Art Co., 5910 Yorkwood Rd., Balti- 
more 12, Md. 

Solvic S.A. Rue de la Loi, 244, Brussels, 
Belgium 

Somerset Industrial Designs, Inc., P.O. 
Box 562, Somerville, N. J. 

Sommer & Maca Glass Machinery Co., 
5501 W. Ogden Ave., Chicago 50, IIl. 

Sonoco Products Co., Hartsville, S. C. 

Sorel, Frederick, 703 W. Willow Rd., 
Prospect Heights, Ill. 


*South Florida Test Service, 4301 N.W. 


7th St., Miami 44, Fla. 

South Salem Studios, Old Ridgefield Rd., 
South Salem, N. Y. 

Southeastern Plastics, Inc., 100 Victory 
Blvd., Portsmouth, Va. 

Southeastern Sales Corp., 1705 Central 
Ave., St. Petersburg 13, Fla., 

Southern Plastic Products Co., 948-950 
Ave. E, Riviera Beach, Fla. 


*Southern Plastics Co., 408 Pendleton St., 


Columbia 1, S. C. 

Southern Plastics Engineering Corp., U.S. 
29 North, P.O. Box 6428, Greensboro, 
N.C. 


Southern Screw Co., P.O. Box 1360, 
Statesville, N. C. 
Southern Tool Mfg. Co., Inec., 649 


Waughton St., Winston Salem, N. C. 
Southwestern Plastics, Inc., 1210 N. Rice 
Ave., Houston 5, Texas 
Spadone Machine Co., Inc., Connecticut 
Ave., S. Norwalk, Conn. 


_Spaulding Fibre Co., Inc., 310 Wheeler 


St., Tonawanda, N. Y. 
Specht Plastics, Inc., 
Somerset, Pa. 
Specialties Imprinting, Co., 1814 E. 40th 
St., Cleveland 3, Ohio 
Specialty Chemicals, Inc., Rt. 4, Box 192 
C, Austin, Tex. ~* 
Specialty Insulation Mfg. Co., Center St., 
Hoosick Falls, N. Y. 


P.O. Box 212, 










Specialty Products Co., 190 Warren St,, 
Jersey City, N. J. 

*Spencer Chemical Co., Dwight Bldg., 
Kansas City 5, Mo. 

Spencer Turbine Co., The, 486 New Park 
Ave., Hartford 6, Conn. 

Sperzel Co., 2845 Harriet Ave., S., Min- 
neapolis, Minn. 

Spiral-Glass Pipe Co., 47 Bayard St., New 
Brunswick, N. J. 

Sprague-Martin Vacuum Plating Co., 
Inc., 333-35 Broadway, Bayonne, N. J. 

Spraylat Corp., 1 Park Ave., N. Y., N. Y. 

Springfield Fabricators, Inc., 697 Morris 
Turnpike, Springfield, N. J. 

_ Springfield Moulders, Inc., 30 Cushman 
St., Monson, Mass. 

Springfield Tool & Die Co., Inc., 109 
Springfield Ave., Springfield, N. J. 
Sprits, 146 Merrick Rd., Lynbrook, N. Y. 
Sprout, Waldron & Co., Inc., Muncy, Pa. 
Square D Co., Molded Insulation Div., 

Peru, Ind. 

Squires Plastics, Inc., 300 Grant St. 
Verona, Pa. 

Staff Die Cutting Co., 40 W. 22nd St., 
New York 10, N. Y. 

Stagg, W. H., 2113 E. Sergeant St., 
Philadelphia 25, Pa. 

Standard Cap & Molding Co., Inc., 307 
S. Eaton St., Baltimore 24, Md. 

Standard Coated Products, Inc., Bucha- 
nan, N. Y. 

Standard Conveyor Co., 15-N. W. Sec- 
ond St., North St. Paul 9, Minn. 

Standard Electric Mfg. Co., Haddon 
Ave., W. Berlin, N. J. 

*Standard Insulation Co., 74 Paterson 
Ave., E. Rutherford, N. J. 

Standard Molding Corp., 1517 Third St., 
Dayton 2, Ohio 

Standard Plastics Co., Inc., 62 Water St., 
Attleboro, Mass. 

Standard Pyroxoloid Corp., 85 Pleasant 
St., Leominster, Mass. 

Standard Toch Chemical Co., Chicago, Ill. 

*Standard Tool Co., 203 Hamilton St., 
Leominster, Mass. 
Standard Ultramarine & Color Co., 24th 
St. & 5th Ave., Huntington, W. Va. 
*Standard Union Fibre Co., 2950 E. 
Tioga St., Philadelphia, Pa. 
*Stanley Chemical Co., 1418 Berlin St., 
East Berlin, Conn. 

Star Band Co., Broad & Commerce Sts., 
Portsmouth, Va. 

Star Plastic Specialty, No. 215 “A” St., 
Boston 10, Mass. 

Star Mfg. Co., Inc., 107 Industrial Ave., 
Little Ferry, N. J. 

Starlite Industries, Inc., 58th & Market 
Sts., Philadelphia 39, Pa. 

Staub, David E., 111 Quimby St., West- 
field, N. J. 

_Steckler, R., Laboratories, 19220 Miles 
Ave., Cleveland 28, Ohio 

Steelcote Mfg. Co., 3418 Gratiot St., St. 
Louis 3, Mo. 

Steere Enterprises, Inc., 422 S. Broad- 
way, Akron 8, Ohio 

Stein Equipment Co., 107 Eighth St. 
Brooklyn 15, N. Y. 

Stein Hall Co., Inc., 285 Madison Ave., 
New York 17, N. Y. 

Stelray Products Inc., Plastics Div. of the 
Derby-Shelton Silver Co., 65 Shelton 
Ave., Shelton, Conn. 

Stensgaard, W. L., & Associates, Inc., 

346 N. Justine St., Chicago 7, Ill. 


*Sterling, Inc., 5200 W. Clinton Ave., Mil- 
waukee 18, Wis. 

Sterling Electric Motors, Inc., 5401 Tele- 
graph Rd., Los Angeles 22, Calif. 

Sterling Molders, Inc., 277 Military Rd., 
Buffalo 7, N. Y. 

Sterling Plastics Co., 
Ave,. Union, N. J. 

Stevens, J. P., & Co., Inc., 1460 Broad- 
way, New York 36, N. Y. 

«Stewart Bolling & Co., 3190 E. 65th St., 
Cleveland 27, Ohio 

Stimsonite Div. of ESNA, 3445 N. Kim- 
ball Ave., Chicago 18, IIl. 

Stokes, F. J., Corp., 5500 Tabor Rd.. 

Philadelphia 20, Pa. 
Stokes-Trenton, Inc., 
Trenton 9, N. J. 
Stoner-Mudge Co., Div. of American- 

Marietta, 200 Westhall St., Pitts., Pa. 
Stow Mfg. Co., 48 N. Shear St., Bing- 
hamton, N. Y. 
Stowe-Woodward, Inc., 
Newton 64, Mass. 
Straberg Machine Co., 
St., Bronx 59, N. Y. 
Streamline Plastics Co., 
New York 12, N. Y. 
Strick Plastics, Ninth 
Perkasie, Pa. 
Stricker, Carl, 35 Leo 
field, N. J. 
Stricker-Brunhuber Corp., 19 W. 24th 

*  §t., New York 10, N. Y. 

Stringfield, Raymond B., 229 S. Nor- 
mandie Ave., Los Angeles 4, Calif. 
*Stromes Oven Systems, 411 E. 108th St., 

New York 29, N. Y. 
*Structurlite Plastics Corp., Hebron, Ohio 
Strux Corp., Hicksville, N. Y. 
oT "Hydraulic Products Co., 1733 
33rd Ave., Melrose Park, II. 
cumiaas Mill Co., Clayton St., 
chester, Boston 22, Mass. 

Styrene Products Ltd., 170 Piccadilly, 
London W. 1, England 

Success Plastics Corp., P.O. Box 506, 
Indianapolis 6, Ind. 

Sullivan Chemicals Div., Sullivan Varnish 
Co., 420 N. Hart St., Chicago 22, Ill. 

Summit Industries, Inc., 2104 W. Rose- 
crans, Gardena, Calif. 

*Sun Chemical Corp., Electro-Technical 
Products Div., 113 E. Centre St., 
Nutley, N. J. 

Sun Plastic, Inc., 2834 Vincent St., Cuya- 
hoga Falls, Ohio 

Sun Steel Co., Special Products Div., 
1700 W. 74th PL, Chicago 36, Ill. 

*Sunlite Plastics, Inc., 1506 W. Pierce St., 
Milwaukee 46, Wis. 

Super Tool Co., 21650 Hoover Rd., 
troit 13, Mich. 

Superior Laminating Co., 
New York 2, N. Y. 
Superior Materials, Inc., 
New York 6, N. Y. 
*Superior Plastics, Inc., 410-430 N. Oak- 

ley Blvd., Chicago 12, Ill. 

Supplex Co., Div. of Amerace Corp. wp» 225 
North Ave., Garwood, N. J. 

Surprenant Mfg. Co., 172 Sterling St., 
Clinton, Mass. 

Sussex Plastic Co., 85 Academy St., Belle- 
ville 9, N. J. 

Swan Machinery Co., 
New York 1, N. Y. 

*Swedlow Plastics Co., 6986 
Blvd., Los Angeles, Calif. 


1140 Commerce 


150 Enterprise, 
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175 Prince St., 
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120 Liberty St., 


320 Fifth Ave., 
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*Taylor, Stiles & Co., 


Swenson, V. H., Co., Inc., 554 Elm St., 
Arlington, N. J. 

Swift & Co., 1800 — 165th St., 
mond, Ind. 

Swift, M., & Sons, Inc., 10 Love Lane, 
Hartford 1, Conn. 

Sylvan Plastics, Inc., 1617 Pennsylvania 
Blvd., Philadelphia 3, Pa. 

Sylvania Electric Products, Inc., Warren, 
Pa. 


Ham- 


*Sylvania Electric Products, Inc., Chem- 


ical & Metallurgical Div., 
Pa. 
Sylvania Electric Products, Inc., Parts 
Div., 12 Second Ave., Warren, Pa. 
Synco Resins, Inc., 33 Henry St., Bethel, 
Conn. 
Synthetic Plastics Co., 88 St. Francis St., 
Newark 5, N. J. 
*Synthetic Products Co., 1636 Wayside 
Rd., Cleveland 12, Ohio 
*Symons, Ralph B., Assoc., 3571 Main Rd., 
Tiverton, R. I. 
Syntron Co., 390 Lexington Ave., Homer 
City, Pa. 
Synvar Corp., Wilmington 99, Del. 
Syracuse Ornamental Co., Inc., 581 S. 
Clinton St., Syracuse 2, N. Y. 
Syracuse Plastic Molders, 106 Mechanic 
St., Syracuse 1, N. Y. 


Towanda, 


T 


T. O. Plastics Inc., 2901 E. 
Minneapolis 23, Minn. 
Taber Instrument Corp., 111 
St., N. Tonawanda, N. Y. 
Taussig, F. H., 175 W. 76th St., New 
York 23, N. Y. 
Taylor Fibre Co., 


78th St., 


Goundry 


Norristown, Pa. 


*Taylor Instrument Co., 95 Ames St., 


Rochester 1, N. Y. 
13 Bridge St., Rie- 
gelsville, N. J. 
Tech-Art Plastics Co., a Ave., 
Morristown, N. J. 
Technical Research Institute, P. O. Box 
869, Pasadena 20, Calif. 
Technical Tape Corp., 240 North Ave., 
New Rochelle, N. Y. 
Technicraft Co., 1156 
Ave., Boston 34, Mass. 
Techni-Plastics Inc., Four 
Ave., Port Washington, 
N.Y, 
Technique Associates Inc., 1413 N. 
nell St., Indianapolis 2, Ind. 
Teitelbaum, N., Sons, Inc., 261 Grand 
Concourse, New York 51, N. Y. 
= Mfg., Co., 520 Cary St., Orange, 
N. J. 
Tenney Engineering Inc., 1090 Spring- 
field Rd., Union, N. J. 
Tennessee ‘Products & Chemical Corp., 
261 Madison Ave., New York 16, N. Y. 
Terkelsen Machine Co., 326 A St., Boston 
10, Mass. 
Terra Stone Inc., 3550 Lombard St., 
Franklin Park, IIl. 
*Testing Machines Inc., 72 Jericho Turn- 
pike, Mineola, N. Y. 
Tewes-Roedel Plastics Corp., 
Waukesha, Wis. 
Texas Glass Fiber Corp., Box 478, Grand- 
view, Tex. 

Texas Plastic Products Co., 
St., Houston 20, Tex. 
Textileather Div., The General Tire & 
Rubber Co., 607 Madison Ave., Toledo 

3, Ohio 


Commonwealth 


Yennicock 
Long Island, 


Cor- 


Pearl St., 


1501 Gatin 


Textile Rubber Co., 259 S. Main St., Ak- 
ron 9, Ohio 
Thal, Bernard, 791 Tremont St., 
18, Mass. 
Thalco Co., 6431 Flotilla St., Los Angeles 
22, Calif. 
*Thermal Inc., 9400 Robinson Rd., Frank- 
lin Park, Ill. 
Thermold Corp., Fairground Rd., 
lius, N. Y. 
Therm-O-Form Plastics Co., 
land Ave., Homewood, III. 
Thermomat Co., Inc., 300 Maple Ave., 
Trenton 8, N. J. 
*Thermoplastic Processes, Inc., 1949 Val- 
ley Rd., Stirling, N. J. 
*Thermo Electric Co., Inc., Saddle Brook, . 
N. J. 
*Thierica Studio Inc., 900 Clancy Ave., 
N. E., Grand Rapids 5, Mich. 
Thiokol Chemical Corp., 780 N. Cunton 
Ave., Trenton, N. J. 
Thomas, Charles W., 4719 Longshore St., 
Philadelphia 35, Pa. 
Thomas Mfg., Corp., 
Newark, N. J. 
Thombert, Inc., 316 E. Seventh St., N., 
Newton, Iowa 
Thompson Chemical Co., 90 
Ave,. Pawtucket, R. I. 
Thompson, H. I., Fiber Glass Co., 1733 
Cordove St., Los Angeles 7, Calif. 
*Thoreson-McCosh, Inc., 18208 W. Mc- 
Nichols Rd., Detroit 19, Mich. 
*Thropp, William R., & Sons, Div., J. M. 
Lehmann Co., Inc., 550 New York 
Ave., Lyndhurst, N. J. 
*Thunderbird Plastics, Inc., 650 Ottawa 
Ave., N., Minneapolis 22, Minn. 
Thwing-Albert Instrument Co., 5398 
Pulaski Ave., Philadelphia 44, Pa. 
Tico Plastics, Inc., 55 W. 13th St., New 
York 11, N. Y. 
xTilp, J. G., Inc., 
N 


Boston 


Man- 


17641 Ash- 


80 Clinton St., 


Mendon 


Milltown Rd., Union, 


a4 
Timely Products Co., 
Des Moines 15, Iowa 
Timken Roller Bearing Co., 


308 Rogers Rd., 


The, 1835 
Dueber Ave., S.W., Canton 6, Ohio 
Tinnerman Products, Inc., P.O. Box 6688, 
Cleveland 17, Ohio 
Titanium Pigment Corp., 
New York 6, N. Y. 
Toeper, A. C., Inc., Represen. for Holz- 

verzuckerungs AG, Zurich, Switzer- 
land 
Toledo Plastics Co., 397 Phillips Ave., 
Toledo 12, Ohio 
Toledo Scale, Div. Toledo Scale Corp., 
1087 Telegraph Rd., Toledo 13, Ohio 
*Tompkins Label Service, Frankford Ave. 
at Allegheny Ave., Philadelphia 34, Pa. 
Topflight Corp., 160 E. Ninth Ave., 
York, Pa 
Torsion Balance Co., The, Clifton, N. J. 
Tote System, Inc., 700 57th St., Beatrice, 
Neb. 
Tracerlab, Inc., 
ham 54, Mass. 
Transeal, Ltd., 100 Oak Tree Ave., S. 
Plainfield, N. J. 
*Transilwrap Co., 4427 N. Clark St 
cago 40, Ill. 
*Trans-Matic Plastics Co., 5501 W. Mont- 
rose Ave., Chicago 41, Ill. 
Transplastics Fabricating Co., 24 Cam- 
bria St., Boston 15, Mass. 
Triana, Rafael, 1061 St. Nicholas 
New York 32, N. Y. 
Trimount Plastic Co., 71 Dudley St., Ar- 
lington 74, Mass. 


111 Broadway, 


1601 Trapelo Rd., Walt- 


«» Chi- 


Ave., 








Tri-Point Plastics, Inc., 175 1. U. Willets 
Rd., Albertson, N. Y. 
Tri-State Plastic Molding Co., 505 Fourth 
St., Henderson, Ky. 
Trim Molded Products Co., Inc., Rt. 5, 
Box 65 A, Burlington, Wis. 
*Triulzi A.—Off. S.A.S., Novate, Milan, 
Italy 


Trivac Co., 2029 Granville Ave., Los 
Angeles 25, Calif. 
Tri-Wall Containers, Inc., 799 Washing- 


ton St., New York 14, N. Y. 

Tronomatic Machine Mfg. Corp., 1881 
Park Ave., New York 35, N. Y. 

*Troy Blanket Mills, 200 Madison Ave., 
New York 16, N. Y. 

Trubor Mfg. Co., Inc., 50 Suffolk St., 
Worcester, Mass. 

Truscon Laboratories, Div. of Devoe- 
Raynolds Co., Inc., 1700 Caniff St., 
Detroit 12, Mich. 

Tube Turns Plastics, Inc., 2929 Magazine 
St., Louisville 11, Ky. 

Tulsa Plastics, 2255 E. 11th St., Tulsa 4, 
Okla. 

*Tumb-L-Matic, Inc., St. Marys St., Stam- 
ford, Conn. 

Tumble-Buff Laboratories, Inc., 
Tuckerton St., Jamaica 33, N. Y. 

Turchan Follower Machine Co., 26950 
Van Born Rd., Dearborn, Mich. 

Turner Halsey Co., 40 Worth St., 
York 13, N. Y. 

Turner Machine Co., Inc., 28-40 Maple 
Ave., Danbury, Conn. 

Turner Tanning Machinery Co., The, 65 
Walnut St., Peabody, Mass. 

Tyleme Plastics, Inc., P.O. Box 343, 
Michigan City, Ind. 


95-10 


New 


U 


UBS Chemical Corp., 491 Main St., Cam- 
bridge 42, Mass. 

Uhlich, Paul, & Co., Inc., 90 West St., 
New York 6, N. y. 

Ulano Products Co., 610 Dean St., Brook- 
lyn 38, N. Y. 

Ultra Electroforming & Mfg. Co., 110 

Cedar Ave., Pitman 7, N. J. 

Union Carbide Corp., 30 E. 42nd St., 
New York 17, N. Y. 

Union Carbide Chemicals Co., Div of 
Union Carbide Corp., 30 E. 42nd St., 
New York 17, N. Y. 

*Union Carbide International Co., Div. of 
Union Carbide Corp., 30 E. 42nd St., 
New York 17, N. Y. 

Union Carbide Corp., Silicones Div., 30 
E. 42nd St., New York 17, N. Y. 

Union Oil Co., of California, P. O. Box 
7600, Los Angeles 54, Calif. 

Union Paste Co., 1605 Hyde Park Ave., 
Hyde Park 36, Mass. 

Union Products, Inc., 511 Lancaster, 
Leominster, Mass. 

*United Carbon Co., Inc., ay Carbon 
Bldg. . Charleston 27, W.V 

United Die Models, Inc. 4406 S. West- 
ern Ave., Chicago 9, Il. 

United Laboratories Co., 801 E. Linden 


Ave., Linden, N. 

United ties ‘Inc., 1311 Lacka- 
wanna Ave., Hayfield, Pa. 

United Sales Service, 8864 W. Pico Blvd., 
Los Angeles 35, Calif. 

United Mask & Novelty Co., Inc., 
Lg” Ave., Glendale, 


70-02 
Long Island, 


N. 

aUtited Specialties Company of Illinois, 
Edmund & Shelmire Sts., Philadelphia 
36, Pa. 


* Indicates Advertiser 
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United Tool Co., 170 Bennett St., Bridge- 

US. Acoustical’ Labora tne, 

cousti tories, 25-36 

o adson Ave., Long Island tr, a N. Y. 

U. Corrugated- Fibre Box .» 1409 
Roosevelt Ave., Indianapolis 7, Ind. 

*United States Gasket Co., Plastics Div. 
of Garlock Packing Co., 600 N. 10th 
St., Camden 1, N. J. 

U.S. Glass Fiber Co., 148 Forest St., 
Manchester, Conn. 

*xUnited States Gypsum Co., 300 W. 
Adams St., Chicago 6, IIl. 

*U.S. Industrial Chemical Co., Div. of 
National Distillers Products "Corp., 99 
Park Ave., New York 16, N. Y. 

U.S. Metal Coatin Co., Inc., 224 Lin- 
coln Blvd., Mid lesex, N. J. 
U. . Plastic Molding Corp. .» Nine Carlton 
, Wallingford, Co 
U. . "Plastic Products ol P.O. Box 49, 
Metuchen, N. J. 

*U.S. Polymeric Chemicals, Inc., Canal & 
Ludlow Sts., Stamford, Conn. 

U.S. Radium Co , Morristown, N. J. 

*United States Ru’ ber Co., 1230 a. 
of the Americas, New York 20, N. Y. 

*U.S. Rubber Co., Mechanical Goods B 
1230 6th Ave., New York, N. Y. 

*U.S. Rubber Co., Royalite Div., 2638 N. 

Pulaski Blvd., Chica ‘o, Til. 

U.S. Stoneware Co., The, Akron 9, Ohio 

Universal Moulded Products Corp., Com- 

monwealth Ave., Bristol, Va. 

Universal Unlimited, Inc., Pratt Oval, 

Glen Cove, N. 

Urrite Plastics Reishi 4740 S. Dur- 

fee Rd., Pico, Calif. 

Utility Mfg. Co., 4758 Kingan Ave., 

Cudahy, Wis. 


v 


V & O Press Co., Div. Emhart Mfg. Co., 
Hudson, N. Y. 

Vac-Art Inc., ey yl Mich. 

Vacuum M 32-36 A 
point Ave., fans end City, N. Y. 

Vacuum Plastics rp., 1096 Scott St., 
Columbus 22, Ohio 

Vacuum Plate Corp., 11653 W. Jefferson 
St., Culver City, Calif. 

Valco Corp., 1712 Roblyn Ave., St. Paul 
4, Minn. 

*Valite Div., Valentine Inc., 726 Whitney 
Bldg., New Orleans 12, La. 

Valley-National Corp., The, Clark St., 
Milldale, Conn. 

*Van Dorn Iron Works Co., 2685 E. 79th 
St., Cleveland 4, Ohio 

Van Norman Molding Co., 4631 Cottage 
Grove Ave., Chicago 15, Ill. 

Vansul Colors, 183 William St., Engle- 
wood, N. J. 

Vapor Blast Mfg., Co., 3025 W. Atkinson 
Ave., Milwaukee 9, Wis. 

Varcum Chemical bene Packard Rd., 
Niagara Falls, N. Y 

Vaupell Industrial Plastics Inc., 1144 W. 
44th St., Seattle 7, Wash. 

Vavrik, Louis,, Industrial Design, 332 
Colony Rd., Rossford, Ohio 

Velveray Corp., 15 W. 34th St., 
York 1, N. Y. 

Verduin Machine Corp., 351 Tenth Ave., 
Paterson 4, N. J. 

Vereintigte Chemische Fabriken Kreidl 
Rutter & Co., Seb. Kohlgasse, Vienna 
21, Austria 

Vern Emery Co., 10647 Wixom St., Sun 
Valley, Calif. 

Vernon Plastics Corp., 82 Brookline St., 
Lynn, Mass. 

Verson Allisteel Press Co., 9300 S. Ken- 
wood St., Chicago 19, Ill. 

*Vertrod d Corp. .. 2037 Utica Ave., Brook- 
lyn 34, N. Y. 

Via Plastics, Inc., 10 S, 18th St., Phila- 

delphia 3, Pa. 


New 












Vice Mfg. Co., 
Minneapolis, 
ickers 


1317 Hawthrone Ave, 


Minn. 


Administrative 
etary Mig. Corp., 1722 W. Arcad 
Mfg. ™ cade PI, 

Chicago 12, Ill. 
Virgiria Plak Co., 270 Madison Ave, 
New York 16, N.Y. 
Vitex Plastics, 830 Broadway, N. Y., N. Y. 
by aww foun” 3001 E. 87th St., Cleve. 
an 


Ohio 
by Mfg. Co., The, 506 Logan St. 
cs lig i, Conn. 
Voges + < Co., —\ 103-11 98th Ss 


oven Mig. gaa Noo. "Femwood Ave., 
Rochester 21, N. Y. 

Vulcanized Rubber & Plastics Co., 580 
Pennsylvania Ave., Morrisville, Pa. 


& Engineer. 


W 
W. E. W. Container Co., 173 Lott Ave., 
Brooklyn 12, N. Y. 
W-L Molding Co., The, 8212 U. S. High- 


way, S., Kalamazoo, Mich. 


Wabash Metal Products Co., Inc., 1569 
Morris St., Wabash, Ind. 
Wachter Plastic Co., 811 T. St., Sacra- 


mento 14, Calif. 
Wagner, Charles A., Co., Inc., 4455 N. 
Sixth St., Philadelphia 40, Pa. 
ses ~ ar John, Corp., New Brunswick, 


N. J. 
Wagner 6% Corp., Route 88, Lake- 


wood, N 
*Waljohn Piates, Inc., 437 88th St., 
Brooklyn 9, N. Y. 
*Wallace & Tierman, Inc., Harchem Div., 
25 Main St., Belleville 9, N. J. 
*Wallace & Tiernan, Inc., Lucidol Div., 
1740 Military Rd., Buffalo 5, N. Y. 
Wal-Mar Plastics, _ 21805 Western 
Ave., Torrance, Calif 
Waltco Products, Ine., 4501 S. Western 
Blvd., Chicago 9, TL 
Wama Co., The, 501 E. Preston St., 
Baltimore 2, Md. 
Wasco Products, Inec., Bay State Rd. 
Cambridge 38, Mass. 
Washington Plastics Co., 1140 George 
St., Sharon, Pa. 
*Waterbury Companies, Inc., 835 S. Main 
St., Waterbury 21, Conn. 
*Watertown Mfg. Co., The, 1000 Echo 
Lakes Rd., Watertown, Conn. 
Watlow Electric Mfg. Co., 1376 Fergu- 
son Ave., St. Louis 14, Mo. 
*Watson-Standard Co., 225 Galveston 
Ave., Pittsburgh 30, Pa. 
*Watson-Stillman Press. Div., Farrel- 
Birmingham Co., Inc., 565 Blossom 
Rd., Rochester 10, N. Y. 
Wayne Plastics Corp., 2330 Dwenger 
Ave., Fort Wayne, Ind. 
*Weber Hot Stamping uipment Co., 
3253 N. Kedzie Ave., cago 18, ill. 
Weber Plastics, Inc., Stevens Point, Wis. 
Weblon, Inc., il W. 42nd St., New York 
36, N.Y. 
Wecolite Co., 552 W. 53rd St., N.Y., N.Y. 
Weigand, Edwin L., Ca, 7503 Thomas 
Blvd., Pittsburgh 8, Pa. 
Weighing & Control Components, Inc., 
206 Lincoln Ave., Hatboro, Pa. 
Welch Plastics & Mfg. Co., Inc., 814 W 
Third Ave., Columbus 8, Ohio : 
ie Edge Plastics, Inc., N. 270 Ferry 
, Newark 5, N. Y. 
sienethiee Engineers, Inc., Norristown, - 
Wellington Print Works, Inc., Lalor 
Hancock Sts., Trenton, N. J. 


* Wellington Sears Co., Inc., 65 Worth St., 
New York, N. Y. 

Wess Plastic Molds, Inc., 112 S. Sixth St., 
New Hyde Park, N. Y. 

Wessel, Stanley & Co., 420 N. Michigan 
Ave., Chicago 11, Il. 

*West Instrument Corp., 4363 W. Mont- 
rose, Chicago 41, IL 

Westchester Molded Products Co., P.O. 
Box 172, Mamaroneck, N. Y. 

* Westchester Plastics, Inc., 326 Waverly 
Ave., Mamaroneck, N. Y. 

Western Coating Co., Box 598-Oakridge 
Station, Royal Oak 3, Mich. 

Western Coil & Electrical Co., 215 State 
St., Racine, Wis. 

Western Felt, 4115 Ogden St., Chicago 
93, Ill. 

Western Plastic, Inc., E. 802 Pacific St., 
Spokane 3, Wash. 

Western Plastic & Rubber Co., 1101 
Wright Ave., Richmond, Calif. 

Western Plastics Corp., 1515 W. Second 
St., Hastings, Neb. 

Western Plastics Corp., 3110 Ruston 
Way, Tacoma 2, Wash. 

Western Supplies Co., 2920 Cass Ave., St. 
Louis 6, Mo. 

Westinghouse Micarta Div., Hampton, 
S.C, 

Westlake Plastics Co., W. Lenni Rd., 
Lenni Mills, Pa. 

Westland Plastics, Inc., 3317 E. Pico 
Blvd., Los Angeles 23, Calif. 

Westmoreland Plastics Co., Inc., 135 
Gertrude St., Latrobe, Pa. 

Weston Instruments, Div. of Daystrom, 
Inc., 614 Frelinghuysen Ave., Newark 
12,N. J. 

Westplex Corp., 12 Commercial St., 
Rochester 14, N. Y. 

Weyerhaeuser Sales Co., Special Prod- 
ucts Div., Tacoma Bldg., Tacoma 1, 
Wash. 

Weyerhaeuser Sales Co., First National 
Bank Bldg., St. Paul 1, Minn. 

Wheelabrator Corp., 400 S. Byrkit St., 
Mishawaka, Ind. 

Wheeling Stamping Co., 2116 Water St., 
Wheeling, W. Va. 

*Whitlock, C. HL, Associates, 21655 
Coolidge Highway, Oak Park 37, Mich. 
* Indicates Advertiser 


Whitso, Inc., 9330 Byron St., Schiller 
Park, Tl. 

Whittaker, Clark & Daniels, Inc., 260 W. 
Broadway, New York 13, N. Y. 

Whyte Manufacturing Co., Inc., 115 
Fourth Ave., New York 3, N. Y. 

*Wiegand, Edwin L. Co., 7500 Thomas 
Blvd., Pittsburgh 8, Pa. 

Wiggins Plastic Molding Co., Inc., 180 
Kingsland Rd., Clifton, N. J. 

Wilco Co., 4425 Bandini Blvd. Los 
Angeles 23, Calif. 

Williams Mfg.. Co., Inc., 419 E. La 
Palma Ave., Anaheim, Calif. 

*Williams-White & Co., 300 Eighth St., 
Moline, III. 

Wills, John A., & Co., 2941 Doyne Rd., 
Pasadena 8, Calif. 

Willson Camera Co., Inc., 1395 Lawrence 
Rd., Havertown, Pa. 

Wilmot & Cassidy, Inc., 108 Provost St., 
Brooklyn 22, N. Y. 

Wilpet Tool & Mfg. Co., 244 Dukes St., 
Kearny, N. J. 

Wilson Plastics, Inc., 1531 Milan Rd., 
Sandusky, Ohio 

Wilson, Ralph, Plastics, Inc., 600 General 
Bruce Dr., Temple, Tex. 

Windham Brothers, 3325 Union Pacific 
Ave., Los Angeles 23, Calif. 

* Windsor, R. H., Ltd., Leatherhead Rd., 
Chessington, Surrey, England 

Winner Mfg. Co., Inc., P. O. Box 399, 
Trenton 3, N. J. 

*Witco Chemical Co., 122 E. 42nd St., 
New York 17, N. Y. 

Wirz, A. H., Inc., Fourth & Townsend 
streets, Chester, Pa. 

Witte, John H., & Sons, Burlington, Iowa 

Wizard Boats, Inc., 2075 Harbor Blvd., 
Costa Mesa, Calif. 

*Woloch, George, Co., Inc., 514 W. 24th 
St., New York 11, N. Y. 

Wolverine Paper Converting Machinery 
Corp., 18584 Fitzpatrick Ave., Detroit 
28, Mich. 

*Wood, R. D., Co., Public Ledger Bldg., 
Rm. 1072, Philadelphia 5, Pa. 

Woodall Industries, Inc., 7575 E. McNi- 
chols Rd., Detroit 34, Mich. 

Wood Flour, Inc., Howard St., Win- 
chester, N. H. 


*Wrenn Paper Co., The, 


*Zollinger, 


Worcester Moulded Plastics Co., 14 
Hygeia St., Worcester 8, Mass. 

World Plastics, 1685 Boone Ave., New 
York 60, N. Y. 

Middletown, 
Ohio 

Wright Sales Co., 200 Wright St., New- 
ark 5, N. J. 

Wyatt’s Plastics, Inc., 5928 Katy St., 
P. O. Box 3052, Houston 1, Tex. 

Wye Industries, Six General Devine Way, 
Boston 27, Mass. 

Wynnewood Products Co., 303 Tena St., 
Jacksonville, Texas 

Wysong & Miles Co., 625 Fulton St., 
Greensboro, N. C. 

Wyssmont Co., Inc., 42-07D 27th St., 
Long Island City 1, N. Y. 

Wyzenbeek and Staff, Inc., 223 N. Cali- 
fornia Ave., Chicago 12, Ill. 


xX 


Xylos Rubber Co., Div., of The Firestone 
Tire & Rubber Co., Akron 17, Ohio 


Y 
*Yardley Molded Plastics, Inc., Columbus 


15, Oh 


10 
*Yardley Plastics Co., 142 Parsons Ave., 


Columbus 15, Ohio 

Yarnell Waring Co., Chestnut Hill, Phila- 
delphia 18, Pa. 

Yates-American Machine Co., 729 Fourth 
St., Beloit, Wis. 

Yates Co., 2211 Peninsula Dr., Erie, Pa. 

Yorker & Sons Inc., 601-03 E. 48th St., 
Denver 16, Colo. 

Young Brothers Co., 1832 Columbus Rd., 
Cleveland 13, Ohio 


Z 


Zack Industries, 185 Goffle Rd., Haw- 
thorne, N. J. 

Zapf, Charles & Co., 2423 Main St., 
Evanston, IIl. 

Zenith Plastics of Michigan Inc., Nine S. 
Adams St., Ypsilanti, Mich. 

Zenith Products Co., 58 Chestnut St., W. 
Newton 65, Mass. 

Zenner, Justin, 823 Waveland Ave., Chi- 
cago 13, Ill. 

Albert, Inc., 1245 Warren 

Ave., Downers Grove, IIl 
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